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В68000 MICROPROCESSOR AND PERIPHERAL FAMILY | 
16-bit Speed and Data Capacity, Peripherals to Build Efficient 
| Systems | 


Rockwell peripherals give a designer everything the 
68000 family promises. They allow you to design functional 
systems utilizing all the speed and data handling potential 
of the 16-bit 68000 family. 

First of these are the Rockwell designed 16-bit 
peripherals—multi-protocol communications controller, 
double density floppy disk controller, local area network 
controller—each a significant "first" that eliminates the 
"glue parts" between a CPU and peripherals. 

Not to be ignored, however, is the very wide and 
complete family of 8-bit devices—processors, peripherals, 
memory, single-chip microcomputers—compatible with the 
R68000 family. АП of the R6500 family of devices described 
in this Data Book are directly compatible with the R68000 
bus. They often provide efficient, economical and very 
flexible ways of implementing system designs. 

The Rockwell R68000 16-bit microprocessor (MPU) 
operates at clock speeds of 4, 6, 8, 10 or 12.5 MHz to 
match essentially any application. 

The R68561 multi-protocol communications controller 
(МРСС) is the highest throughput communications device 


PERIPHERAL 
DEVICES 


Й РА 
ACIA 
CRTC 


ever made commercially available. It operates up to 
4 Mbits/sec and supports all major communication protocols. 
It’s available to work with either 16-bit or 8-bit busses and 
can be adapted to function with essentially any of today's 
more common busses. | 

Тһе R68465 double density floppy disk controller 
(DDFDC) is an intelligent device that can run up to four disk 
drives without the many support devices previously 


. required. | | 


The R68802* provides a flexible local area network 
(LNET) controller for the R68000. It supports both the. 
IEEE 802.3 and Ethernet* standards based on the proven 
CSMA/CD technique together with network statistics. 

Rockwell lets you build efficient and economical 16-bit 
systems through families of 16-bit and 8-bit peripherals, all 
compatible. No other supplier offers you more. 


*R68802 is a trademark of the Rockwell International Corp. 
*Ethernet is a trademark of the Xerox Corp. 
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R68000/R6500 Peripheral Migration 


R68000 


R68000 


16-BIT MICROPROCESSING UNIT (MPU) 


PRELIMINARY 


DESCRIPTION 


The R68000 microprocessor is designed for high performance 


where operational computation and versatility is required. The 


R68000 provides powerful mass-memory handling capability and 
architectural features designed to fit the broad range of 16-bit 
needs. The Rockwell family of 16-bit products also includes a 
wide range of peripherals that will allow complete system design 
and manufacture. | 
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TWO STACK 
POINTERS 


PROGRAM 
COUNTER 


STATUS 
REGISTER 


SYSTEM BYTE USER BYTE 
R68000 REGISTERS 


The R68000 offers seventeen 32-bit registers in addition to the 
32-bit program counter and a 16-bit status register. The first eight 
registers (20-07) are used as data registers for byte (8-bit), word 
(16-bit), and long word (32-bit) data operations. The second set 
of seven registers (АО-Аб) and the system stack pointer may be 
used as software stack pointers and base address registers. In 
addition, these registers may be used for word and long word 
address operations. АН 17 registers may be used as index 
registers. 


FEATURES 


* 16M byte (8M word) Linear Addessing Range 

• 14 Operand Addressing Modes 

е 56 Powerful Instruction Types | 

* Instruction Set Supports Structured High-Level Languages 
е Pipelining Instruction Execution 


е 32-Ви Program Counter 


е 16-Bit Data Bus 
е 23-Line Address Bus 
• 32-Bit Data and Address Registers Including: 
— Eight General Purpose Data Registers 
— Seven Address Registers 
— Two Stack Pointers (User, Supervisory) 
е АП 17 Registers Can Be Index Registers 
е Memory Mapped Peripheral Devices 
e Vector Generated Exception Processing 
• Seven Unique Autovectors for Interrupt Service Routines 
• Trace Mode for Software Debugging 
e Operations Occur on Five Main Data Types 
— Bit 
— BCD 
— Byte 
— Word 
— Long Word 
• Asynchronous and Synchronous Peripheral interface 
Capability 
e Many Peripheral Chips Available 
— R68560 Multi-Protocol Communications Controller 
— R68465 Double Density Floppy Disk Controller 
— R68802 Local Network Controller | 


е Up to 12.5 MHz Input Clock: 
• 45 VDC Power Supply 
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ORDERING INFORMATION 


R68000C4 

R68000C6 

R68000C8 

R68000C10 
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. R68000Q10 


| Plastic QUIP 


Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Plastic QUIP 


4 MHz 

6 MHz 

8 MHz 
10 MHz 
12.5 MHz 
8 MHz 
710 MHz 


R68000 PIN CONFIGURATION 
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0?C to 


Order — Package Temperature 
Number Туре | _ Range 


Сегатіс ПІР 


+ 70°С 
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+55°С 


1 
2 
3 
4 
5 
6 
7 
8 
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16-Bit MPU 


D5 
D6 
07 
08 
09 
010 
011 
012 
013 
014 
015 
GND 
A23 
A22 
A21 
Усс 
А20 
А19 
А18 
А17 
А16 
А15 
А14 
А13 
А12 
А11 
А10 
А9 
АЗ 
А7 
Аб 
А5 


268000 


16-Bit MPU 


SIGNAL DESCRIPTION 


The following paragraphs briefly describe the input and output 
signals and also reference (if applicable) other paragraphs that 
contain more detail about the function being performed. Bus 
operation during the various machine cycles and operations is 
also discussed. The input and output signals can be functionally 
organized into the groups shown in Figure 1. 


Note 
The terms assertion and negation are used to avoid con- 
fusion when dealing with a mixture of "'active-low" and 
. "active-high"' signals. The terms assert, or assertion, indi- 
cates that a signal is active, or true, independent of 
whether that voltage is low or high. The term negate, or 
negation, indicates that a signal is inactive or false. 


ADDRESS BUS (A1 THROUGH A23). This 23-bit, unidirectional, 
three-state bus can address eight megawords of data. It pro- 
vides the address for bus operation during all cycles except inter- 
rupt cycles. During interrupt cycles, address lines A1, A2, and 
A3 encode the interrupt level to be serviced while address lines 
A4 through A23 are all set high. | 


DATA BUS (DO THROUGH D15). This 16-bit, bidirectional, 
three-state bus is the general purpose data path. It transfers and 
accepts data in either word or byte length. During an interrupt 
acknowledge cycle, an external device supplies the vector 
number on data lines 00-07. | А 


ASYNCHRONOUS BUS CONTROL. Asynchronous data 
transfers are handled using the following control signals: address 
strobe, read/write, upper and lower data strobes, and data 
transfer acknowlege. These signals are explained in the follow- 
ing paragraphs. | 
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Figure 1. Input and Output Signals 


Address Strobe (AS). The AS output indicates that there is a 
valid address on the address bus. ^ a 


Read/Write (R/W). The R/W output defines the data bus transfer 
as a read or write cycle. The R/W signal also works in conjunction 
with the upper and lower data strobes as explained in the follow- 
ing paragraph. 


Upper and Lower Data Strobes (UDS, LDS). The UDS and LDS 
outputs control the data on the data bus, as shown in Table 1. 
When the R/W line is high, the processor reads from the data 
bus as indicated. When the R/W line is low, the processor writes 
to the data bus as shown. | 


Data Transfer Acknowledge (DTACK). The DTACK input indi- 
cates that the data transfer is completed. When the processor 
recognizes DTACK during a read cycle, data is latched and the 
bus cycle terminated. When DTACK is recognized during a write 
cycle, the bus cycle terminates. Refer to ASYNCHRONOUS 
VERSUS SYNCHRONOUS OPERATION. | 


BUS ARBITRATION CONTROL. These three signals form a bus 
arbitration circuit to determine which device will be the bus 
master device. IE | | à 


Bus Request (BR). The BR input indicates to the processor that 
some other device desires to become the bus master. This input 
can be externally ORed with all other devices that could be bus 
masters. | 


Bus Grant (BG). The BG output indicates to all other potential 


. bus master devices that the processor will release bus control 


at the end of the current bus cycle. 


Bus Grant Acknowledge (BGACK). The BGACK input indicates 
that some other device has become the bus master. This signal 
cannot be asserted until the following four conditions are met: 


1. a bus grant (BG) has been received, 


2. address strobe (AS) is inactive which indicates that the 
processor is not using the bus- | | | 


Table 1. Data Strobe Control of Data Bus = 


0-7 


Valid data bits; | 
0-7 
Valid data bits 
8-15 
Valid data bits . 
| 000 8-15 


Valid data bits 
0-7“ 


Valid data bits 
| 0-7 


*These conditions are a result of current implementation and may not 
appear on future devices. 
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3. data transfer acknowledge (DTACK) is inactive. which 
indicates that neither memory nor peripherals are using the 

МА bus, and 

.: 4. bus grant acknowledge (BGACK) is inactive which 

indicates that no other device is still claiming bus mastership. 


INTERRUPT CONTROL (IPLO, IPL1, IPL2). These input pins 
indicate the encoded priority level of the device requesting an 
interrupt. Level seven is the highest priority while level zero indi- 
cates that no interrupts are requested. Level seven cannot be 
masked. IPLO is the least significant bit while IPL2 is the most 
significant bit. To insure an interrupt is recognized, the inter- 
rupt control lines (IPLX) must remain stable until the processor 
signals interrupt acknowledge (ЕС0, FC1, and FC2 all high). 


SYSTEM CONTROL. The system control inputs either reset or 


halt the processor or indicate to the processor that bus errors. 


have occurred. The three system control inputs are explained 
in the following paragraphs. = 


Bus Error (ВЕНН). The ВЕНН input informs the processor that 
a problem exists with the cycle currently being executed. 
Problems may be a result of: | 

1. nonresponding devices, | | 

2. interrupt vector number acquisition failure, . · | 
3. illegal access request аз determined Бу a memory manage- 

ment unit, or и 77 

4. other application dependent errors. . 


The Bus Error (BERR) signal interacts with the HALT signal to | 


determine if exception processing should be performed or the 
current bus cycle should be retried. uos 


Refer to BUS ERROR AND HALT OPERATION paragraph for 
additional information about the interaction of the bus error and 
halt signals. 


Reset (RESET). This bidirectional signal line acts to reset (initiate 
a system initialization sequence) the processor and system in 
response to an external reset signal. An internally generated 


reset (result of a RESET instruction) resets all external devices | 


while not affecting the internal state of the processor. A total 
System reset (processor and external devices) is the result of 
external HALT and RESET signals applied simultaneously. Refer 
to RESET OPERATION paragraph for additional information. 


Halt (HALT). The bidirectional HALT line, when driven by an 
external device, will cause the processor to stop at the comple- 
tion of the current bus cycle. Halting the processor using HALT 
causes all control signals to go inactive and all three-state lines 
to go to their high-impedance state. Refer to BUS ERROR AND 
HALT OPERATION paragraph for additional information about 
the interaction between the HALT and ВЕНА signals. 


When the processor has stopped executing instructions, such 
as in a double bus fault condition, the HALT line is driven by 
the processor to indicate to external devices that the processor 
has stopped. Refer to paragaph on Double Bus Faults. 


R6500 PERIPHERAL CONTROL. These control signals are 
used to allow the interfacing of synchronous R6500 peripheral 
devices with the asynchronous R68000. These signals are 
explained in the following paragraphs. | 


Enable (E). The Е output signal is the standard enable signal 


(02 clock) common to all R6500 type peripheral devices. The 


period for this output is ten R68000 clock periods (six clocks 
low; four clocks high). Enable is generated by an internal ring 
counter which may come up in any state (i.e., at power on, it 
is impossible to guarantee phase relationship of E to CLK). E 


is a free-running clock and runs regardless of the state of the 
bus on the MPU. 


Valid Peripheral Address (УРА). The УРА input indicates that 
the device or region addressed is a R6500 family device and 
that data transfer should be synchronized with the enable (E) 
signal. This input also indicates that the processor should use 
automatic vectoring for an interrupt. Refer to INTERFACE WITH 
R6500 PERIPHERALS. d | 


Valid Memory Address (УМА). Тһе УМА output indicates to 
R6500 peripheral devices that there is a valid address on the 
address bus and that the processor is synchronized to enable. 
This signal only responds to a valid peripheral address (УРА): 
input which indicates that the peripheral is a R6500 family device. 


PROCESSOR STATUS (FCO, FC1, FC2). These function code 
outputs indicate the state (user or supervisor) and the cycle type 
currently being executed, as shown in Table 2. The information · 
indicated by the function code outputs is valid whenever address 
strobe (AS) is active. а ye 


CLOCK (CLK). The clock input is a TTL-compatible signal that 
is internally buffered for development of the internal clocks 
needed by the processor. The clock input should not be gated 
off at any time and the clock signal must conform to minimum 
and maximum pulse width times. 


SIGNAL SUMMARY. Table 3 summarizes all the signals dis- 
cussed in the previous paragraphs. . | | 


Table 2. Function Code Outputs 


R68000 а | 16-Bit MPU 


Signal Мате | Input/Output 


m Read-High 


Data Transfer Acknowledge DTACK | Low 
[ menme ______ B (| m 
Bus Grant Acknowledge BGACK | | aput / Low 


Table 3. Signal Summary 


Interrupt Priority Level IPLO, IPL1, IPL2 


Low 


Low . . 


VPA 


FCO, FC1, FC2 


| 


"Ореп drain. 


REGISTER DESCRIPTION AND DATA 


STATUS REGISTER. The status register contains the eight level 
interrupt mask as well as the condition codes; extend (Х), 
negative (N), zero (Z), overflow (V), and carry (C). Additional 
status bits indicate that the processor is іп a trace (T) mode 
and/or in a supervisor (S) state. 


Operand sizes are defined as follows: a byte equals 8 bits, a 
word equals 16 bits, and a long word equals 32 bits. The operand 
size for each instruction is either explicitly encoded in the instruc- 
tion or implicitly defined by the instruction operation: Implicit 
instructions support some subset of all three sizes. 


DATA ORGANIZATION IN REGISTERS 


The eight data registers support data operands of 1, 8, 16, or 
15 13 32 bits. The seven address registers together with the active 


. 10. А 
АГ | stack pointer support address operands of 32 bits. 


| DATA REGISTERS. Each data register is 32 bits wide. Byte 


SYSTEM BYTE | USER BYTE* 


we | | 3 
ТВАСЕ МОРЕ 


парче INTERRUPT EXTEN | operands occupy the low order 8 bits, word operands the low 
SUPERVISOR MASK NEGATIVE |. | order 16 bits, and long word operands the entire 32 bits. The 

= STATE | zERO | || least significant bit is addressed as bit zero; the most signifi- 
OVERFLOW| = cant bit is addressed as bit 31. When a data register is used 


CARRY as either a source or destination operand, only the appropriate 
"a low-order portion is changed; the remaining high order portion 
is neither used nor changed. ХА | 


"CONDITION CODE REGISTER 


Status Register 
1-7 
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Figure 2. Word Organization In Memory 


ADDRESS REGISTERS. Each address register and the stack 
pointer is 32 bits wide and holds a full 32-bit address. Address 
registers do not support byte sized operands. Therefore, when 
an address register is used as a source operand, either the low 
order word or the entire long word operand is used depending 
upon the operation size. When an address register is used as 
the destination operand, the entire register is affected regardless 
of the operation size. If the operation size is word, any other 
operands are sign extended to 32 bits before the operation is 
performed. 


DATA ORGANIZATION IN MEMORY 


Bytes are individually addressable with the high order byte 
having an even address the same as the word, as shown in 
Figure 2. The low order byte has an odd address that is one 
higher than the word address. Instructions and multi-byte data 
are accessed only on word (even byte) boundaries. If a long word 
datum is located at address n (n even), then the second word 
of that datum is located at address n + 2. : 


The data types supported by the R68000 are: bit data, integer 
data of 8, 16, or 32 bits, 32-bit addresses and binary coded 
decimal data. Each of these data types is put in memory, as 
shown in Figure 3. The numbers indicate the order in which data 
is accessed from the processor. 


BUS OPERATION 


The following paragraphs explain control signal and bus opera- 
tion during data transfer operations, bus arbitration, bus error 
and halt conditions, and reset operation. 


DATA TRANSFER OPERATIONS. Transfer of data between 
devices involves the following signals: 


• Address Bus A1 through A23 
• Data Bus DO through D15 
e Control Signals 


The address and data buses are separate parallel buses which 
transfer data using an asynchronous bus structure. In all cycles, 
the bus master assumes responsibility for deskewing all signals 
it issues at both the start and end of a cycle. In addition, the 
bus master is responsible for deskewing the acknowledge and 
data signals from the slave device. 


The following paragraphs explain the read, write, and read- 


modify-write cycles. The indivisible read-modify-write cycle is the 
method used by the R68000 for interlocked multiprocessor 
communications. 


Read Cycle. During a read cycle, the processor receives data 
from memory or a peripheral device. The processor reads bytes 
of data in all cases, and for a word (or double word) operation, 
the processor reads both upper and lower bytes simultaneously 
by asserting both upper and lower data strobes. When the 
instruction specifies byte operation, the processor uses an 
internal AO bit to determine which byte to read and then issues 
the data strobe required for that byte. When the AO bit equals 
zero, the upper data strobe is issued, and when the AO bit equals 
one, the lower data strobe is issued. The processor correctly 
positions the received data internally. 


A word read cycle flow chart is given in Figure 4. A byte read 
cycle flow chart is given in Figure 5. Read cycle timing is given 
in Figure 6. Figure 7 details word and byte read cycle operations. 


Write Cycle. During.a write cycle, the processor sends bytes 


of data to memory or a peripheral device. If the instruction 
specifies a word operation, the processor writes both bytes. 
When the instruction specifies a byte operation, the processor 
uses an internal AO bit to determine which byte to write and then 
issues the data strobe required for that byte. When the AO bit 
equals zero, the upper data strobe is issued and when the AO 
bit equals one, the lower data strobe is issued. A word write cycle 
flow chart is given in Figure 8. A byte write cycle flow chart is 
given in Figure 9. Write cycle timing is given in Figure 6. 
Figure 10 details word and byte write cycle operation. 
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Figure 3. Data Organization In Memory 
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3) PLACE ADDRESS ОМ А1-А23 _ 
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Figure 4. Word Read Cycle Flow Chart 


Read-Modify-Write Cycle. The read-modify-write cycle performs . . 


a read, modifies the data in the arithmetic-logic unit, and writes 


the data back to the same address. In the R68000 this cycle 


is indivisible in that the address strobe is asserted throughout - 


the entire cycle. The test and set (TAS) instruction uses this cycle 
to provide meaningful communication between processors in a 
multiple processor environment. TAS is the only instruction that 
uses the read-modify-write cycles. Since the test and set instruc- 
tion only operates on bytes, all read-modify-write cycles are byte 
operations. A read-modify-write cycle flow chart is given in 
Figure 11 and a timing diagram is given in Figure 12. 


BUS ARBITRATION. Bus arbitration is a technique used by | 


master-type devices to request, Бе granted, and knowledge bus 
mastership. In its simplest form, it consists of: 


1. asserting a bus mastership request, 


2. receiving a grant that the bus is available at the end of the 
current cycle, and 


3. acknowledging that mastership has been assumed. 
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4) ASSERT ADDRESS STROBE (AS) | 

5) ASSERT UPPER DATA STROBE (UDS) OR 
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INPUT DATA 
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2) PLACE DATA ON 00-07 or D8-D15 (BASED ON 
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ACQUIRE DATA 
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Figure 5. Byte Read Cycle Flow Chart 


Figure 13 is a flow chart showing the detail involved in a request 
from a single device. Figure 14 is a timing diagram for the same 
operation. This technique allows processing of bus requests dur- 


‘ing data transfer cycles. 


- The timing diagram shows that the bus request is negated at 


the time that an acknowledge is asserted. This is true for a 
system consisting of the processor and one device capable of 
bus mastership. However, in systems having a number of 
devices capable of bus mastership, the bus request line from 
each device is ORed to the processor. In this system, it is easy 
to see that there could be more than one bus request being 
made. The timing diagram shows that the bus grant signals 
negate а few-clock cycles after the transition of the acknowledge 
(BGACK) signal. 


However, if the bus requests are still pending, the processor will 
assert another bus grant within a few clock cycles after nega- 
tion. This additional assertion of bus grant allows external arbitra- 
tion circuitry to select the next bus master before the current 
bus master has completed its requirements. The following para- 
graphs provide additional information about the three steps in 
the arbitration process. 
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Figure 7. Word and Byte Read Cycle Timing Diagram 


Requesting the Bus. External devices capable of becoming bus 
masters request the bus by asserting the bus request (BR) signal. 
This ORed signal (although it need not be constructed from open 
collector devices) indicates to the processor that some external 
device requires control of the external bus. The processor, at 
a lower bus priority level than the external device, will relinquish 
the bus after it has completed the last bus cycle it has started. 
If no acknowledge is received before the bus request signal goes 
inactive, the processor will continue processing when it detects 
that the bus request is inactive. This allows ordinary processing 
to continue if the arbitration circuitry inadvertently responded 
to noise. | fs | 


Receiving the Bus Grant. Normally the processor asserts bus 
grant (BG) as soon as possible after internal synchronization. The 
only exception occurs when the processor has made an inter- 
nal decision to execute the next bus cycle but has not progressed 


. far enough into the cycle to have asserted the address strobe 


(AS) signal. In this case, bus grant will not be asserted until one 
clock after address strobe is asserted to indicate to external 
devices that a bus cycle is being executed. 


The bus grant signal may be routed through a daisy-chained 
network or through a specific priority-encoded network. The proc- 
essor is not affected by the external method of arbitration as 
long as the protocol is obeyed. 


R68000 | | 16-Bit MPU 


BUS MASTER | BUS MASTER SLAVE 
ADDRESS DEVICE | Tu 


ADDRESS DEVICE 


1) PLACE FUNCTION CODE ON ЕСО-ЕС2 
2) PLACE ADDRESS ON А1-А23 | 

3) ASSERT ADDRESS STROBE (AS) 

4) Set R/W TO WRITE 

5) PLACE DATA ON 00-07 or D8-D15 (ACCORDING 

TO A0) | m 

6) ASSERT UPPER DATA STROBE (UDS) OR 
LOWER DATA STROBE (LDS) (BASED ON A0): 


1) PLACE FUNCTION CODE ON ЕСО-ЕС2 

2) PLACE ADDRESS ОМ A1-A23. (/ 

3) ASSERT ADDRESS STROBE (AS) 

4) Set R/W TO WRITE 

5) PLACE DATA ON 00-015 22. 

6) ASSERT UPPER DATA STROBE (005) AND 
LOWER DATA STROBE (LDS) 


INPUT DATA == 
1) DECODE ADDRESS 
2) STORE DATA ON 00-015 1) DECODE ADDRESS 
3) ASSERT DATA TRANSFER 2) STORE DATA ON 00-07 if LDS IS ASSERTED | 
_ ACKNOWLEDGE (DTACK) STORE DATA ON 08-015 IF UDS IS ASSERTED} 


3) ASSERT DATA TRANSFER 


ACKNOWLEDGE (DTACK) 


TERMINATE OUTPUT TRANSFER 


1) NEGATE UDS AND LDS 

2) NEGATE AS 

3) REMOVE DATA FROM 00-015 _ 
4) SET R/W TO READ 


TERMINATE OUTPUT TRANSFER 


1) NEGATE UDS OR LDS 

2) NEGATE AS 

3) REMOVE DATA FROM 00-07 ОН. 08-015 
|4) SET R/W TO READ - 


TERMINATE CYCLE | | 
1) МЕСАТЕ ОТАСК | ТЕНМІМАТЕ CYCLE 
`1) NEGATE ОТАСК 


START NEXT CYCLE START NEXT CYCLE 


Figure 8. Word Write Cycle Flow Chart | Figure 9. Byte Write Cycle Flow Chart 
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Acknowledgment of Mastership. Upon receiving a bus grant 
(BG), the requesting device waits until address strobe (AS), data 


transfer acknowledge (DTACK), and bus grant acknowledge · 


(BGACK) are negated before issuing its own BGACK. The nega- 


The bus request from the granted device should be dropped after 
bus grant acknowledge is asserted. If a bus request is still 
pending, another bus grant will be asserted within a few clocks 
of the negation of. bus grant. Refer to Bus Arbitration Control 
section. The processor does not perform any external bus cycles 
before it reasserts bus grant. | 


BUS ARBITRATION CONTROL. The bus arbitration control unit 
in the R68000 is implemented with a finite state machine. A state. 
diagram of this machine is shown in Figure 15. All asynchronous 
signals to the R68000 are synchronized before being used inter- 
nally. This synchronization is accomplished in a maximum of 
one cycle of the system clock, assuming that the asynchronous 


` input setup time (#47) has been met (see Figure 16). The input 


signal is sampled on the falling edge of the clock and is valid 
internally after the next falling edge. If BR and BGACK meet 
the asynchronous set-up time tASI (#47), then tBGKBR (437A) 
can be ignored. If BR and BGACK are asserted asynchronously 
with respect to the clock, BGACK has to be asserted before BR 
is negated. 


i: shown in Figure 15, input signals labeled R and A are inter- 
nally synchronized on the bus request and bus grant 


|." acknowledge pins respectively. The bus grant output is labeled 


tion of the address strobe indicates that the previous master has - 


completed its cycle, while the negation of bus grant acknowledge 
indicates that the previous master has released the bus. (If 
address strobe is asserted no device is allowed to "break into” 
a cycle.) The negation of data transfer acknowledge indicates 
the previous slave has terminated its connection to the previous 
master. In some applications data transfer acknowledge may 
not be required. In this case the devices would use the address 
strobe. When bus grant acknowledge is issued the device is bus 
master. Only after the bus cycle(s) is (are) completed should bus 
grant acknowledge be negated to terminate bus mastership. 


“б and the internal three-state control signal T. If T is true, the 
address, data, and control buses are placed in a high-impedance 
state when AS is negated. All signals are shown in positive logic 
(active high) regardless of their true active voltage level. 


State changes (valid outputs) occur on the next rising clock edge 
after the internal signal is valid. 


A timing diagram of the bus arbitration sequence during a 
processor bus cycle is shown in Figure 17. The bus arbitration · 
sequence while the bus is inactive (i.e., executing internal opera- 


tions such as a multiply instruction) is shown in Figure 18. - 


If a bus request (BR) is made at a time when the MPU has 
already begun a bus cycle but AS has not been asserted (bus 
state S0), BG will not be asserted on the next rising edge. Instead 
BG will be delayed until the second rising edge following its inter- 
nal assertion. This sequence is shown in Figure 19. 


BUS ERROR AND HALT OPERATION. In a bus architecture 
that requires a handshake from an external device, the possibility 
exists that the handshake might not occur. Since different 
systems will require a different maximum response time, a bus 
error input is provided. 


External circuitry must be used to determine the duration 
between address strobe and data transfer acknowledge before 


.. issuing a bus error signal. When a bus error signal is received, 


the processor has two options: initiate a bus error exception 
sequence or try running the bus cycle again. 


68000 _ 


А 
А 
а 
Т 
X 
1. 


AS 


шения А 


R/W 
DTACK 
00-015 
FCO-FC2 
BR 
BG 
BGACK — 


РНОСЕ55ОН-->-|4-- DMA DEVICE —$9|-——— PROCESSOR > ОМА DEVICE —— —ÀÉ»- 


16-Bit MPU 


Figure 14. Bus Arbitration Cycle Timing Diagram 
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Figure 16. Timing Relationship of External 
Asynchronous Inputs to Internal Signals 


Bus Error Operation. When BERR is asserted, the current bus 
cycle is terminated. If BERR is asserted before the falling edge 


-of S2, AS will be negated in S7 in either a read or write cycle. 


As long as BERR remains asserted, the data and address buses 
will be in the high-impedance state. When BERR is педаїеа, 
the processor will begin stacking for exception processing. 
Figure 20 15 а timing diagram for the exception sequence. The 
sequence is composed of the following elements: 


1. stacking the program counter and status register, 
2. stacking the error information, 7 
3. reading the bus error vector table entry, and 

4. executing the bus error handler routine. 
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Figure 17. Bus Arbitration During Processor Bus Cycle 
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Figure 20. Bus Error Timing Diagram 
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Тһе stacking of the program counter and the status register is 


"  :.-. identical to the interrupt sequence. Several additional items are 

„е stacked when a bus error occurs. These items are used to deter- | 
^ mine the nature of the error and correct it, if possible. The bus ` 
-' error vector is vector number two located at address $000008. 
The processor loads the new program counter from this loca- | 


tion. A software bus error handler routine is then executed by 
the processor. Refer to EXCEPTION PROCESSING for addi- 
tional information. | 


Re-Running the Bus Cycle. When, during a bus yelo the 
-processor receives a BERR, and HALT is being driven by an 
external device, the processor enters the re-run sequence. 
Figure 21 is a timing diagram for re-running the bus cycle. 


The processor terminates the bus cycle, then puts the address 
'and data output lines in the high-impedance state. The processor 


The single-step mode, derived from correctly timed transitions 
on the HALT signal input, forces the processor to execute a 


| single bus-cycle by entering the “гип” mode until the processor 


stárts a bus cycle then changing to the “па!” mode. Thus, the 
single-step mode allows the user to proceed through (and 


1 therefore debug) processor operations one bus cycle at a time. 


‘remains “пайед” and will not run another bus cycle until.exter- — 


па! logic negates HALT. Then the processor will ге-гип the 
previous bus cycle using the same address, the same function 

codes, the same data (for a write operation), and the same con- 
trols. BERR should be negated at least one clock cycle before 
HALT i is ПР НОЋ 


Моје 


The processor will not ге-гип а read-modify-write cycle. 
This restriction is made to guarantee that the entire cycle 
runs correctly and that the write operation of a Test-and- _ 
Set operation is performed without ever releasing AS. If — 
BERR and HALT are asserted during a read- Де 

_ bus cycle, а bus error operation results. "mr 


Halt Operation with No Bus Error. The HALT input signal to 

the R68000 performs a Halt/Run/Single-Step function in a similar 

fashion to the R6500 halt functions. When the HALT signal is 
‚ constantly active the processor "'halts" (does nothing) and when 
‘the HALT signal is constantly inactive the: processor 
(does something). | 


"runs". 


Figure 22 details the timing required for correct single-step 
operations. Some care must be exercised to avoid harmful inter- 
actions between BERR and HALT when using the single cycle 


‚ mode as a debugging tool. This is also true of interactions 


between the HALT and RESET lines since these can reset the 
machine. 


‚ When the processor completes a bus cycle after recognizing 


that HALT is active, most three-state signals are put in the high- 
impedance state. These include: 


"1. address lines, and 
. 2. data lines. 


This is required for correct performance of the re-run bus cycle 
operation. | 


Honoring the halt request has no effect on bus arbitration. Only 
the bus arbitration function removes the control signals from the 


риз. . 


Total debugging flexibility is derived from the software debugging 
package, the Пай function, and the hardware trace capability. 
These processor capabilities allow the hardware debugger to 
trace single bus cycles or single instructions at a time. 


Double Bus Faults. When a bus error exception occurs, the 
processor will attempt to stack several words containing informa- 
tion about the state of the machine. If a bus error exception 
occurs during the stacking operation, there have been two bus. 
errors in a row, or a double bus fault. A.double bus fault causes 


- the processor to halt. Once a bus error exception has occurred, 


any bus error exception occurring before the execution of the 
next instruction constitutes a double bus fault. 


“->1 CLOCK PERIOD i 


== — HAE ooo аре BÉ RUN — —»| 


| Figure 21. 
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Re-Run Bus Cycle Timing Diagram 
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Figure 22. Halt Signal Timing Waveforms 


Note that a bus cycle which is re-run does not constitute a bus 
error exception, and does not contribute to a double bus fault. 
This means that as long as the external hardware requests it, 
the processor will continue to re-run the same bus cycle. 


The bus error (BERR) pin also has an effect on processor opera- | 


tion after the processor receives an external reset input. The 
processor reads the vector table after a reset to determine the 
address to start program execution. If a bus error occurs while 


reading the vector table (or at any time before the first instruc- ` 


tion is executed), the processor reacts as if a double bus fault 
has occurred and it halts. Only an external reset will start a halted 
processor. | 


RESET OPERATION. The reset signal із а bidirectional signal 


that allows either the processor or an external signal to reset 


the system. Figure 23 is 23 is a timing diagram for reset operations. 
Both HALT and RESET must be apples: to ensure total reset 
of the processor. 


When the RESET and HALT are driven by an external device 
the entire system, including the processor, is reset. The 
processor responds by reading the reset vector table entry (vec- 
tor number zero, address $000000) and loads it into the super- 
visor stack pointer (SSP). Vector table entry number one at 
address $000004 is read next and loaded into the program 
counter. The processor initializes the status register to an inter- 
rupt level of seven, with no other register being affected. - 


Execution of the RESET instruction drives the reset pin low for 


124 clock periods. In this case, the processor is trying to reset 


the rest of the system. The internal state of the processor, includ- 
ing the processor's internal registers and the status register, is 
unaffected by the execution of a RESET instruction. All external 
devices connected to the reset line will be reset at the comple- 
tion of the RESET instruction. 


Asserting RESET and HALT for 10 clock cycles will cause a 


processor reset, except when Vcc is initially applied to the 


processor. In this case, an external reset must be applied for 
100 milliseconds. 


THE THE RELATIONSHIP OF DTACK, BERR, AND 
HALT 
In order to properly control termination of a bus cycle for a re-run 


or a bus error condition, DTACK, BERR, and HALT should be 
asserted and negated on the rising edge of R68000 clock. This 


_ will assure that when two signals are asserted simultaneously, 


the required setup time (£47) for both of them will be met during 
the same bus state. 


. This, or some equivalent precaution, should be designed exter- 


nal to the R68000. Parameter #48 is intended to ensure this 
operation in a totally asynchronous system, and may be ignored 
if the above conditions are met. 


The preferred bus cycle terminations may be summarized as 
follows (case numbers refer to Table 4): 


Normal Termination: DTACK occurs first (case 1). 


Halt Termination: HALT is asserted at same time, or precedes 


DTACK (no BERR) cases 2 and 3. 


_Bus Error Termination: BERR is asserted in lieu of, at same 


time, or preceding DTACK (case 4); BERR negated at same . 
time, or after DTACK. | 


Re-Run Termination: HALT and ВЕНН asserted in lieu of, at 
the same time, or before DTACK (cases 6 and 7); HALT must 
be negated at least one cycle after BERR. (Case 5 indicates 
ВЕНН may precede. HALT which каша шу За уаспгороца 
assertion). | 


Table 4 details the resulting bus cycle termination under various 
combinations of control signal sequences. The negation of these 
same control signals under several conditions is shown in 
Table 5. (DTACK is assumed to be negated normally in all 
cases; for best results, both DTACK and BERR should be 


 negated when address strobe is negated). 


Example A: A system uses a watch- -dog timer to terminate 
accesses to unpopulated address space. The timer asserts 
DTACK and BERR simultaneously after timeout (case 4). 
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Figure 23. Reset Operation Timing Diagram 


Example B: А syste’ uses error detection on ВАМ contents. 
Designer may (a) delay DTACK until data verified, and return 
BERR and HALT simultaneously to re-run error cycle.(case 6), 
or if valid, return DTACK (case 1); (b) delay DTACK until data 
verified. and return BERR at same time as DTACK if data in 
error (case 4). | 


ASYNCHRONOUS VERSUS SYNCHRONOUS 
OPERATION 


Asynchronous Operation 


To achieve clock frequency independence ata System level, the 
· R68000 can be used in an asynchronous manner. This entails 
using only the bus handshake lines (AS, UDS, LDS, DTACK, 
. BERR, HALT, and VPA) to control the data transfer. Using this 
method, AS signals the start of a bus cycle and the data strobes 
are used as a condition for valid data on a write cycle. The slave 
device (memory or peripheral) then responds by placing the 
requested data on the data bus for a read cycle or latching data 
on a write cycle and asserting the data transfer acknowledge 
signal (DTACK) to terminate the bus cycle. If no slave reponds 
or the access is invalid, external control logic asserts the BERR, 
or BERR and HALT, signal to abort or rerun the bus cycle. 


The DTACK signal is allowed to be Арген before the data from 
a slave device is valid on a read cycle. The length of time that 
DTACK тау precede. data is given as parameter #31 (See 
Figure 45) and it must be met in any asynchronous system to 
insure that valid data is latched into the processor. Notice that 
there is no maximum time specified from the assertion of AS 
to the assertion of ОТАСК. This is because the MPU 
will insert wait cycles of one clock period each until DTACK is 
recognized. | | 
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Тһе BERR signal is allowed to be asserted after the DTACK 


· signal is asserted. BERR must be asserted within the time given 


as parameter #48 after DTACK is asserted in any asynchronous 
system to insure proper operation. If this maximum delay time 


is violated, the processor may exhibit erratic behavior. 


Synchronous Operation _ 


To allow for those systems: 'which use the system clock asa 
signal to generate DTACK and other asynchronous inputs, the 
asynchronous inputs setup time is given as parameter #47. If 
this'setup is met on an input, such as DTACK, the processor is 
guaranteed to recognize that signal on the next falling edge of 
the system clock. However, the converse is not true—if the input 
signal does not meet the setup time it is not guaranteed not to 
be recognized. In addition, if DTACK is recognized on a falling 
edge, valid data will be latched into the processor (on a read 
cycle) on the next falling edge provided that the data meets the 
setup time given as parameter #27. Given this, parameter #31 
may be ignored. Note that if DTACK is asserted, with the required 
setup time, before the falling edge of S4, no wait states will be 
incurred and the bus cycle will run at its maximum speed of four 
1905 ы 


In Order to assure proper operation in a synchronous system 
when BERR is asserted after DTACK, the following conditions 
must ре met. Within опе сіоск cycle after DTACK was recog- 
nized, BERR must meet the setup time parameter #27A prior 


То the falling edge of the next clock. The setup time is critical 


to proper operation, and the ке m exhibit erratic behavior 
ей is violated. | 


; Моје 


· During an active bus cycle, УРА and ВЕНН аге sampled 
on every falling edge of the clock starting with 50. DTACK 
is sampled on every falling edge of the clock starting with 
S4 and data is latched on the falling edge of S6 during 
a read. The bus cycle will then be terminated in 57 except 
when BERR is asserted. in the absence of DTACK, in 
which case it will terminate one clock cycle later in S9. 
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Table 4. DTACK, BERR, HALT Assertion Results 


Asserted on Rising 
Edge of State 


Control 
i NW NEIN 


Normal cycle terminate and continue. 

Normal cycle terminate and halt. Continue when HALT removed. 
Normal cycle terminate and halt. Continue when HALT removed. 
Terminate and take bus error trap. 

Terminate and re-run. 

Terminate and re-run when HALT removed. 


Terminate and re-run when HALT removed. 


S 
X 
X 
| S 
X 
S 
A 
NA 
S 
| Х 
5 
МА 
X 
S 
A 
X 
S 
S 
MED: 
A 
S 


N — the number of the current even bus state (e.g., S4, S6, etc.) 

A — signal is asserted in this bus state 

NA — signal is not asserted in this state 

X -- don't care 

S — signal was asserted in previous state and remains asserted in this state 


Table 5. BERR AND HALT Negation Results 


Conditions of 
Termination in 
Table 4-4 


Results — Next Cycle 


e Illegal sequence; usually traps to vector number 0. 


If next cycle is started it will be terminated as a bus error. 
= Signal is negated in this bus state. 
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PROCESSING STATES 


Ut The following paragraphs describe the actions of the R68000 


| . which are outside the normal processing associated with the 


' execution of instructions. The functions of the bits in the super- 


visor portion of the status register are covered: the super- 
visor/user bit, the trece enable bit, and the processor interrupt 
priority mask. The sequence of memory references and actions 
taken by the processor on exception conditions are detailed. 


The R68000 is always in one of three processing states: nor- 
mal, 
associated with instruction execution; the memory references 
are to fetch instructions and operands, and to store results. A 
special case of the normal state is the stopped state which the 
processor enters when a STOP instruction is executed. In this 
state, no further references are made. 


The exception processing state is associated with interrupts, trap 
instructions, tracing and other exceptional conditions. The 
exception may be internally generated by an instruction or by 
an unusual condition arising during the execution of an instruc- 


tion. Externally, exception processing can be forced by an inter- _ 


rupt, by a bus error, or by a reset. Exception processing is 


designed to provide an efficient context switch so that the 


processor may handle unusual conditions. 


The halted processing state is an indication of a —— 
hardware failure. For example, if during the exception processing 
of a bus error another bus error occurs, the processor assumes 
that the system is unusable and halts. Only an external reset 
can restart a halted processor. Note that a processor in the 
stopped state is not in the halted state, nor vice versa. 


PRIVILEGE STATES 


The processor operates in one of two states of privilege: the 
‘user’ state or the "supervisor" state. The privilege state deter- 
mines legal operations. It is used to choose between the super- 
visor stack pointer and the user stack pointer in instruction 
references, and by the external memory management device 
to control and translate accesses. 


The privilege state is a mechanism for providing security in a 
computer system by allowing most programs to execute in user 
state. In this state, the accesses are controlled, and the effects 
on other parts of the system are limited. Programs should access 
only their own code and data areas, and ought to be restricted 
from accessing information. - 


The operating system which executes in the supervisor state, 
has access to all resources and performs the overhead tasks 
for the user state programs. 


SUPERVISOR STATE. The supervisor state is the higher state 
of privilege. For instruction execution, the supervisor state is 
determined by asserting (high) the S-bit of the status register. 
All instructions can be executed in the supervisor state. The bus 
cycles generated by instructions executed in the supervisor state 


are classified as supervisor references. While the processor is . 


in the supervisor privilege state, those instructions which use 
either the system stack pointer implicitly or address register 
seven explicitly access the supervisor stack pointer. 


exception, or halted. The normal processing state 
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All exception processing is done in the supervisor state, 
regardless of the setting of the S-bit. The bus cycles generated 
during exception processing are classified as supervisor 
references. All stacking operations during exception processing 
use the supervisor stack pointer. | 


USER STATE. The user state is the lower state of privilege. For 
instruction execution, the user state is determined by negating 


(low) the S-bit of the status register. 


Most instructions execute the same in user state as in the super- 
visor state. However, some instructions which have important 
system effects are made privileged. User programs are not per- 


mitted to execute the STOP instruction, or the RESET instruc- 


tion. To ensure that a user program cannot enter the supervisor 
state except in a controlled manner, the instructions which 
modify the whole state register are priviled. To aid in debugging 


programs which are to be used as operating systems, the move 


to user stack pointer (MOVE to USP) and move from user stack 
pointer (MOVE from USP) instructions are also privileged. 


The bus cycles generated by an instruction executed in user 
state are classified as user state references. This allows an exter- 
nal memory management device to translate the address and 
to control access to protected portions of the address space. 


. While the processor is in user privilege state, those instructions 
" which use either the system stack pointer implicitly or address 


register seven explicitly, access the user г stack pointer. 


PRIVILEGE STATE CHANGES. Once the processor is in the 
user state and executing instructions, only exception processing 
can change the privilege state. During exception processing, 
the current setting of the S-bit of the status register is saved апа. 
the S-bit is asserted, putting the processing in the supervisor 
state. Therefore, when instruction execution resumes to process 
the exception, the processor is in the supervisor privilege state. 


REFERENCE CLASSIFICATION. When the processor makes 
a reference, it classifies the kind of reference being made by 
using the encoding on the three function code output lines. This 
allows external translation of addresses, control of access, and 
differentiation of special processor states, such as interrupt 
acknowledge. Table 6 lists the classification of references. 


Table 6. Reference Classification 


Function Code Output 
Reference Class 


(Unassigned) 


(Unassigned) 
| Supervisor Data 
Supervisor Program | 


БЕБІ 
EE Interrupt Acknowledge 


268000 


NEW PROGRAM COUNTER (HIGH) 


NEW PROGRAM COUNTER (LOW) 


16-Bit MPU 


A0 =0, А1-0 


A0 20, А1-1 


Figure 24. Exception Vector Format 
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v7 IS THE MSB OF THE VECTOR NUMBER 
v0 IS THE LSB OF THE VECTOR NUMBER 


Figure 25. Peripheral Vector Number Format 
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Figure 26. Address Translated From 8-Bit Vector Number 


EXCEPTION PROCESSING 


Before discussing the details of interrupts, traps, and tracing, 
a general description of exception processing is in order. The 
processing of an exception occurs in four steps, with variations 
for different exception causes. During the first step, a temporary 
copy of the status register is made, and the status register is 
set for exception processing. In the second step the exception 
vector is determined, and the third step is the saving of the cur- 
rent processor contents. In the fourth step a new context is 
obtained, and the processor switches to instruction processing. 


EXCEPTION VECTORS. Exception vectors are memory loca- 
tions from which the processor fetches the address of a routine 
which will handle that exception. All exception vectors are two 
words in length (Figure 24), except for the reset vector, which 
is four words. All exception vectors lie in the supervisor data 
space, except for the reset vector which is in the supervisor pro- 
gram space. A vector number is an eight-bit number which, when 
multipled by four, gives the address of an exception vector. Vec- 
tor numbers are generated internally or externally, depending 
on the cause of the exception. In the case of interrupts, during 
the interrupt acknowledge bus cycle, a peripheral provides an 
8-bit vector number (Figure 25) to the processor on data bus lines 
DO through D7. The processor translates the vector number into 
a full 24-bit address, as shown in Figure 26. The memory layout 
for exception vectors is given in Table 7. 


As shown in Table 7, the memory layout is 512 words long 
(1024 bytes). It starts at address O and proceeds through 


1-23 


address 1023. This provides 255 unique vectors; some of these 
are reserved for TRAPS and other system functions. Of the 255, 
there are 192 reserved for user interrupt vectors. However, there 
is no protection on the first 64 entries, so user interrupt vectors 
may overlap at the discretion of the systems designer. 


KINDS OF EXCEPTIONS. Exceptions can be generated either 
internally or externally. Externally generated exceptions include 
interrupts (IRQ), bus error (BERR), and reset (RESET) requests. 
Interrupts are requests from peripheral devices for processor 
action while BERR and RESET inputs are used for access con- 
trol and processor restart. Internally generated exceptions come 
from instructions, from address errors, or from tracing. The trap 
(TRAP), trap on overflow (TRAPV), check register against bounds 
(CHK) and divide (DIV) instructions can all generate exceptions 
as part of their instruction execution. In addition, illegal instruc- 
tions, word fetches from odd addresses and privilege violations 
cause exceptions. Tracing behaves like a very high priority, inter- 
nally generated interrupt after each instruction execution. 


EXCEPTION PROCESSING SEQUENCE. Exception processing 
occurs in four identifiable steps. In the first step, an internal copy 
is made of the status register. After the copy is made, the S-bit 
is asserted, putting the processor into the supervisor privilege 
state. Also, the T-bit is negated which will allow the exception 
handler to execute unhindered by tracing. For the reset and inter- 
rupt exceptions, the interrupt priority mask is also updated. 


68000 ___ | 16-Bit MPU 


Table 7. Exception Vector Assignment 


Vector 
Number(s) 


_ Reset: Initial SSP 


Reset: Initial PC 


Bus Error 


| Address Error 
“Illegal Instruction 


CHK Instruction 


A 


D 
о 


со № = 


Line 1111 Emulator | 
(Unassigned, reserved) 


~ |+ 
о 


ән | 
CM 
[9 
NK тања 
[9 
Пет 
Пет 
| UTI ИШИН 
[9 


(Unassigned, reserved) 
Spurious Interrupt EE 


(Unassigned, reserved) | 


о. 


104 Level 2 Interrupt Autovector 
108 Level 3 Interrupt Autovector 
112 


Level 4 Interrupt Autovector 
. Level 5 Interrupt Autovector 
Level 6 Interrupt Autovector 


192 
255 


(Unassigned, reserved) 
User Interrupt Vectors 


* Vector numbers 12, 13, 14, 16 through 23, and 48 through 63 are reserved for future enhancements. No user peripheral devices should be assigned 
these numbers. | | | 


1023 
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Figure 27. Exception Stack Order (Groups 1 and 2) 


In the second step, the vector number of the exception is deter- 
mined. For interrupts, the vector number is obtained by a 
processor fetch, classified as an interrupt acknowledge. For all 
other exceptions, internal logic provides the vector number. This 
vector number is then used to generate the address of the excep- 
tion vector. 


The third step is to save the current processor status except for 
the reset exception. The current program counter value and the 
saved copy of the status register are stacked using the super- 
visor stack pointer as shown in Figure 27. The program counter 
value stacked usually points to the next unexecuted instruction; 
.however, for bus error and address error, the value stacked for 
the program counter is unpredictable, and may be incremented 
from the address of the instruction which caused the error. Addi- 
tional information defining the current context is stacked for the 
bus error and address error exceptions. 


The last step is the same for all exceptions. The new program 
counter value is fetched from the exception vector. The 
processor then resumes instruction execution. The instruction 
at the address given in the exception vector is fetched, and 
normal instruction decoding and execution is started. 


MULTIPLE EXCEPTIONS. These paragraphs describe the proc- 
essing which occurs when multiple exceptions arise 
simultaneously. Exceptions can be grouped according to their 
occurrence and priority. The Group 0 exceptions are reset, bus 
error, and address error. These exceptions cause the instruc- 
tion currently being executed to be aborted, and the exception 
processing to commence within two clock cycles. The Group 1 
exceptions are trace and interrupt, as well as the privilege viola- 
tions and illegal instructions. These exceptions allow the cur- 
rent instruction to execute to completion, but preempt the execu- 
tion of the next instruction by forcing exception processing to 
occur (privilege violations and illegal instructions are detected 
when they arethe next instruction to be executed). The Group 2 


exceptions occur as part of the normal processing. of instruc-. 


tions. The TRAP, TRAPV, CHK, and zero divide exceptions are 
in this дгоир. Еог these exceptions, the normal execution of an 
instruction may lead to exception processing. 


Group 0 exceptions have highest priority, while Group 2 excep- 
tions have lowest priority. Within Group O, reset has highest 
priority, followed by address error and then bus error. Within 
Group 1, trace has priority over external interrupts, which in turn 
takes priority over illegal instruction and privilege violation. Since 
only one instruction can be executed at a time, there is no priority 
relation within Group 2. 
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Table 8. Exception Grouping and Priority 


Reset 
Address Error Exception processing begins 
Bus Error within two clock cycles. 


Trace 
Interrupt 
Illegal Instruction Exception processing begins 
Privilege Violation before the next instruction. 


TRAP, TRAPV, CHK, Exception processing is started 
Zero Divide by normal instruction execution 


The priority relation between two exceptions determines which 
is taken first if the conditions for both arise simultaneously. 
Therefore, if a bus error occurs during a TRAP instruction, the 
bus error takes precedence, and the TRAP instruction proc- 
essing is aborted. In another example, if an interrupt request 
occurs during the execution of an instruction while the T-bit is 
asserted, the trace exception has priority, and is processed first. 
Before instruction processing resumes, however, the interrupt 
exception is also processed, and instruction processing com- 
mences finally in the interrupt handler routine. Table 8 gives a 
summary of exception grouping and priority. 


EXCEPTION PROCESSING DETAILED DISCUSSION 


Exceptions have a number of sources, and each exception has 
a unique processing sequence. The following paragraphs detail 
the sources of exceptions, how each arises, and how each is 
processed. 


RESET. The reset input provides the highest exception level. 
The processing of the reset signal is designed for system initia- 
tion, and recovery from catastrophic failure. Any processing in 
progress at the time of the reset is aborted and cannot be 
recovered: The processor is forced into the supervisor state and 
the trace state is forced off. The processor interrupt priority mask 
is set at level seven. The vector number is internally generated 
to reference the reset exception vector at location 0 in the super- 
visor program space. Because no assumptions can be made 
about the validity of register contents, in particular the super- 
visor stack pointer, neither the program counter nor the status 
register is saved. The address contained in the first two words 
of the reset exception vector is fetched as the initial supervisor 
stack pointer, and the address in the last two words of the reset 
exception vector is fetched as the initial program coünter. Finally, 
instruction execution is started at the address in the program 
counter. The powerup/restart code should be pointed to by the 
initial program counter. 


The RESET instruction does not cause loading of the reset vec- 
tor, but does assert the reset line to reset external devices. This 
allows the software to reset the system to a known state and 
then continue processing with the next instruction. 
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INTERRUPTS. Seven levels of interrupt priorities are provided. 
Devices may be chained externally within interrupt priority levels, 
allowing an unlimited number of peripheral devices to interrupt 
the processor. Interrupt priority levels are numbered from one 
to seven, level seven being the highest priority. The status 
register contains a three-bit mask which indicates the current 
processor priority. Interrupts are inhibited for all priority levels 
less than or equal to the current processor priority. 


An interrupt request is made to the processor by encoding the 
interrupt request level on the interrupt request lines; a zero indi- 
cates no interrupt request. Interrupt requests arriving at the 
processor do not face immediate exception processing, but are 
made pending. Pending interrupts are detected between instruc- 
tion executions. If the priority of the pending interrupt is lower 
than or equal to the current processor priority, execution con- 
tinues with the next instruction and the interrupt exception 
processing is postponed. (The recognition of level seven is 
slightly different, as explained in a following paragraph.) 


If the priority of the pending interrupt is greater than the current 
processor priority, the exception processing sequence is started. 
First a copy of the status register is saved, and the privilege state 
is set to supervisor, then tracing is suppressed, and the 
processor priority level is set to the level of the interrupt being 
acknowledged. The processor fetches the vector number from 
the interrupting device, classifying the reference as an interrupt 
acknowledge and displaying the level number of the interrupt 
being acknowledged on the address bus. If external logic 
requests an automatic vectoring, the processor internally 
generates a vector number which is determined by the interrupt 
level number. If external logic indicates a bus error, the inter- 
rupt is taken їо be spurious, and the generated vector number 
references the spurious interrupt vector. The processor then pro- 
ceeds with the usual exception processing, saving the program 
counter and status register on the supervisor stack. The saved 


value of the program counter is the address of the instruction | 


which would have been executed had the interrupt not been 
present. The content of the interrupt vector whose vector number 
was previously obtained is fetched and loaded into the program 
counter, and normal instruction execution commences in the 
interrupt handling routine. A flow chart for the interrupt 
acknowledge sequence is given in Figure 28, a timing diagram 
is given in Figure 29, and the interrupt exception timing 
sequence is shown in Figure 30. _ 


Priority level seven is a special case. Level seven interrupts can- 
not be inhibited by the interrupt priority mask, thus providing 
a "non-maskable interrupt" capability. An interrupt is generated 
each time the interrupt request level changes from some lower 
level to level seven. Note that a level seven interrupt may still 
be caused by the level comparison if the request level is a seven 
and the processor priority is set to a lower level by an instruction. 


UNINITIALIZED INTERRUPT. An interrupting device asserts 
VPA or provides an interrupt vector during an interrupt 
acknowledge cycle to the R68000. If the vector register has not 
been initialized, the responding R68000 Family peripheral will 
provide vector 15, the uninitialized interrupt vector. This provides 
a uniform way to recover from a programming error. 
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PROCESSOR 


° REQUEST INTERRUPT | 


INTERRUPTING DEVICE 


GRANT INTERRUPT 

1) COMPARE INTERRUPT LEVEL IN STATUS 
REGISTER AND WAIT FOR CURRENT 
INSTRUCTION TO COMPLETE | 

2) PLACE INTERRUPT LEVEL ОМ А1, А2, A3 

3) SET FUNCTION CODE TO INTERRUPT 
ACKNOWLEDGE 

4) ASSERT ADDRESS STROB E (AS) 

5) ASSERT DATA STROBES (LDS AND ups?) 


PROVIDE VECTOR NUMBER 
1) PLACE VECTOR NUMBER OF 00-07 
2) ASSERT DATA TRANSFER 
ACKNOWLEDGE (DTACK) 


. ACQUIRE VECTOR NUMBER | 
1) LATCH VECTOR NUMBER 
2) NEGATE LDS AND UDS 
3) NEGATE AS 


RELEASE 
1) NEGATE DTACK 


START INTERRUPT PROCESSING 


*ALTHOUGH A VECTOR NUMBER 15 ONE BYTE, BOTH 
DATA STROBES ARE ASSERTED DUE TO THE 
MICROCODE USED FOR EXCEPTION PROCESSING. THE’ 
PROCESSOR DOES NOT RECOGNIZE ANYTHING ON 
DATA LINES D8 THROUGH D15 AT THE TIME. 


Figure 28. Interrupt Acknowledge Sequence Flow Chart 


SPURIOUS INTERRUPT. If during the interrupt acknowledge 
cycle no device responds by asserting DTACK or VPA, the bus 
error line should be asserted to terminate the vector acquisition. 
The processor separates the processing of this error from bus 
error by fetching the spurious interrupt vector instead of the bus 
error vector. The processor men proceeds with the usual excep: 
tion processing. | 


INSTRUCTION TRAPS. Traps are exceptions caused by instruc- 
tions. They arise either from processor recognition of abnormal 
conditions during instruction execution, or from use of instruc- 
tions whose normal behavior is trapping. | 
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RW TT a ee, 
08-015 | 
ore М | 


IPLO-IPL2 


. OF INSTRUCTION PCI IACK CYCLE _ STACK AND. 
(READ OR 9—20. vector NUMBER ACQUISITION) VECTOR FETCH wl 
WRITE) | (85Р) M | 
* ALTHOUGH A VECTOR NUMBER IS ONE BYTE, BOTH DATA STROBES ARE ASSERTED DUE TO THE MICROCODE USED 

FOR EXCEPTION PROCESSING. THE PROCESSOR DOES NOT RECOGNIZE ANYTHING ON DATA LINES D8 THROUGH D15 


AT THIS TIME. B 


Figure 29. Interrupt Acknowledge Sequence Timing Diagram 


LAST BUS CYCLE | ек 
OF INSTRUCTION STACK NEP us STACK STACK 
(DURING WHICH PCL STATUS PCH 


INTERRUPT WAS (AT SSP-2) а те (АТ 55Р-6) (АТ 55Р-4) 
RECOGNIZED) | | 


FETCH FIRST NOTE: 
WORD OF SSP REFERS TO THE 
INSTRUCTION VALUE OR THE SUPER- 
OF INTERRUPT VISOR STACK POINTER 
ROUTINE ° BEFORE THE INTERRUPT 
OCCURS 


READ | READ 
VECTOR - VECTOR 
HIGH _ LOW 
(A16-A23) (A0-A15) 


Figure 30. Interrupt Exception Timing Sequence. 
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Some instructions are used specifically to generate traps. Тһе 


>; TRAP instruction always forces an exception, and is useful for 
с implementing system calls for user programs. The ТВАРУ and 


CHK instructions force an exception if the user program detects 
a runtime error, which may be an arithmetic overflow or a 
subscript out of bounds. 


The signed divide (DIVS) and unsigned divide (DIVU) instruc- 
tions will force an exception if a division operation is attempted 
with a divisor of zero. 


ILLEGAL AND UNIMPLEMENTED INSTRUCTIONS. Illegal 
instruction refers to any of the word bit patterns which are not 
the bit pattern of the first word of a legal instruction. During 
instruction execution, if such an instruction is fetched, an illegal 
instruction exception occurs. Rockwell reserves the right to 
define instructions whose opcodes may be any of the illegal 
instructions. Three bit patterns will always force an illegal instruc- 
tion trap on all R68000 Family compatible microprocessors. They 
аге: $4AFA, $4AFB, and $4AFC. Two of the patterns, $4AFA 
and $4AFB, are reserved for Rockwell system products. The third 
pattern, $4AFC, is reserved for customer use. 


Word patterns with bits 15 through 12 equaling 1010 or 1111 
are distinguished as unimplemented instructions and separate 
exception vectors are given to these patterns to permit efficient 
emulation. This facility allows the operating system to detect pro- 
gram errors, or to emulate unimplemented instructions in 
software. | 


PRIVILEGE VIOLATIONS. In order to provide system security, 


various instructions are privileged. An attempt to execute one 
of the privileged instructions while in the user state will cause 
an exception. The privileged instructions are: 


STOP AND Immediate to SR 

RESET EOR Immediate to SR 

RTE OR Immediate to SR 
MOVE to SH 


MOVE USP 


TRACING. To aid in program development, the R68000 includes 


a facility to allow instruction by instruction tracing. In the trace 
‘state, after each instruction is executed an exeception is forced, 
allowing a debugging program to monitor the execution of the 
program under test. 


The trace facility uses the T-bit in the supervisor portion of the 
status register. If the T-bit is negated (off), tracing is disabled, 
and instruction execution proceeds from instruction to instruc- 
tion as normal. If the T-bit is asserted (on) at the beginning of 
the execution of an instruction, a trace exception will be 
generated after the execution of that instruction is completed. 
If the instruction is not executed, either because an interrupt 
is taken, or the instruction is illegal or privileged, the trace excep- 
tion does not occur. The trace exception also does not occur 
if the instruction is aborted by a reset, bus error, or address error 
exception. If the instruction is indeed executed and an interrupt 
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is pending on completion, the trace exception is processed 
before the interrupt exception. If, during the execution of the 
instruction, an exception is forced by that instruction, the forced 
exception is processed before the trace exception. 


As an extreme illustration of the above rules, consider the arrival 
of an interrupt during the execution of a TRAP instruction while 
tracing is enabled. First the trap exception is processed, then 
the trace exception, and finally the interrupt exception. Instruc- 
tion execution resumes in the interrupt handler routine. 


BUS ERROR. Bus error exceptions occur when the external logic 
requests that a bus error be processed by an exception. The 
current bus cycle which the processor is making is then aborted. 
Whether the processor was doing instruction or exception 
processing, that processing is terminated, and the processor 


_ immediately begins exception processing. 


Exception processing for bus error follows the usual sequence 
of steps. The status register is copied, the supervisor state is 
entered, and the trace state is turned off. The vector number 
is generated to refer to the bus error vector. Since the processor 
was not between instructions when the bus error exception 
request was made, the context of the processor is more detailed. 
To save more of this context, additional information is saved on 
the supervisor stack. The program counter and the copy of the 


Status register are of course saved. The value saved for the pro- 
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gram counter is advanced by some amount, two to ten bytes 
beyond the address of the first word of the instruction which 
made the reference causing the bus error. № the bus error 
occurred during the fetch of the next instruction, the saved pro- 
gram counter has a value in the vicinity of the current instruc- 
tion, even if the current instruction is a branch, a jump, or a return 
instruction. Besides the usual information, the processor saves 
its internal copy of the first word of the instruction being 
processed, and the address which was being accessed by the 
aborted bus cycle. Specific information about the access is also 
saved: whether it was a read or a write, whether the processor 
was processing an instruction or not, and the classification 
displayed on the function code outputs when the bus error 
occurred. The processor is processing an instruction if in the 


‚ normal state or processing a Group 2 exception; the processor 


is not processing an instruction when processing a Group 0 or 
a Group 1 exception. Figure 31 illustates how the information 
is organized on the supervisor stack. Although this information 
is not sufficient to effect full recovery from the bus error, it does 
allow software diagnosis. Finally, the processor commences 
instruction processing at the address contained in the vector. 
It is the responsibility of the error handler routine to clean up 
the stack and determine where to continue execution. 


If a bus error occurs during the exception processing for a bus 
error, address error; or reset, the processor is halted, and all 
processing ceases. This simplifies the detection of catastrophic 
system failure, since the processor removes itself from the 
system rather than destroy all memory contents. Only the RESET 


pin can restart a halted processor. 
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Figure 31. Supervisor Stack Order (Group 0) 
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Figure 32. Address Error Timing 


ADDRESS ERROR. Address error exceptions occur when the 
processor attempts to access a word or a long word operand 
or an instruction at an odd address. The effect is much like an 
internally generated bus error, so that the bus cycle is aborted, 
and the processor ceases whatever processing it is currently 
doing and begins exception processing. After exception 
processing commences, the sequence is the same as that for 
bus error including the information that is stacked, except that 
the vector number refers to the address error vector instead. 
Likewise, if an address error occurs during the exception 
processing for a bus error, address error, or reset, the processor 
is halted. As shown in Figure 32, an address error will execute 
a short bus cycle followed by an exception processing. 
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. INTERFACE WITH R6500 PERIPHERALS 


Rockwell's line of R6500 peripherals are directly. compatible with 


.. һе R68000. Some of these devices that are particularly useful 


. are: 
А6520 
R6522 
R6545 
R6551 


Peripheral Interface Adapter (PIA) 
Versatile Interface Adapter (VIA) 
CRT Controller (CRTC) 

(ACIA) 


_ To interface the synchronous R6500 peripherals with the asyn- 


chronous R68000, the processor modifies its bus cycle to meet 


the R6500 cycle requirements whenever an R6500 device 


address is detected. This is possible since both processors use - 


memory mapped І/О. Figure 33 is a flow chart of the interface 


operation between the processor and R6500 devices. 6800 - 


peripherals are also compatible with the R68000 processor. 


DATA TRANSFER OPERATION 


Three signals on the processor provide the R6500 interface. 
They are: enable (E), valid memory address (VMA), and valid 
Peripheral address (УРА). Enable corresponds to the E or 02 
signal in existing R6500 systems. The bus frequency is one tenth 


я of the incoming R68000 clock frequency. The timing of E allows 
1 MHz peripherals to be used with an 8 MHz R68000. Enable - 


_ Ваз а 60/40 duty cycle; that is, it is low for six input clocks and 


Asynchronous Communication Interface Adapter . ` 


„стр select equation of the peripheral. This ensures that the 


R6500 peripherals are selected and deselected at the correct 
time. The peripheral now runs its cycle during the high portion 


о the E signal. Figures 34 and 35 depict the best and worst case 


R6500 cycle timing. This cycle length is dependent strictly upon 
when МРА is asserted in relationship the E clock. 


If we assume that external circuitry asserts VPA as soon as 
possible after the assertion of AS, then VPA will be recognized 
as being asserted on the falling edge of S4. In this case, no 


"extra" wait cycles will be inserted prior to the recognition of 


УРА assertion and only the wait cycles inserted to synchronize 
with the E clock will determine the total length of the cycle. In 
any case, the synchronization delay will be some integral number 
of clock cycles within the following two extremes: 


1. Best Case—VPA is recognized as being asserted on the 

. falling edge three clock cycles before E rises де three clock 
cycles after E falls). | 

2. Worst Case—VPA is РЕЯ as being asserted on the 

falling edge two clock cycles before E rises (or four clock 
cycles after E falls). 


Near. the end of a read cycle, the processor latches the 
peripheral's data in state 6. For all cycles, the processor negates 


_ the address and даа strobes one half clock cycle later in state 7, 


and the Enable signal goes low at this time. Another half clock 


- . later, the address bus is put in the high-impedance state. Upon 


high for four input clocks. This duty cycle allows the processor | | 


to do successive VPA accesses On successive E pulses. 


Figures 34 and 35. give a general R6500 to R68000 Td B 


timing, while Figures 36 and 37 detail the specific timing 
parameters involved in the interface. At state zero (SO) in the 
cycle, the address bus is in the high-impedance state. A func- 
tion code is asserted on the function code output lines. One- 
half clock later, in state 1, the address bus is released from the 
high-impedance state. 


During state 2, the address strobe (AS) is asserted to indicate 


that there is a valid address on the address bus. If the bus cycle - 


is a read cycle, the upper and/or lower data strobes are also 
asserted in state 2. If the bus cycle is a write cycle, the read/write 


(R/W) signal is switched to a low (write) during state 2. One-half 


clock later, in state 3, the write data is placed on the data bus, 


and in state 4 the data strobes are issued to indicate valid data - | 


on the data bus. The processor now inserts wait states until it 
recognizes the assertion of VPA. 


The VPA input signals the processor that the address on the 
bus is the address of an R6500 device (or an area reserved for 
R6500 devices) and that the bus should conform to the 02 
transfer characteristics of the R6500 bus. Valid peripheral 
address (VPA) is derived by decoding the address bus, 
conditioned by address strobe (AS). Chip select for the R6500 
peripherals should be derived by decoding the address bus con- 
ditioned by VMA. 


After the recognition of VPA, the processor assures that the 
Enable (E) is low, by waiting if necessary, and subsequently 
asserts VMA. Valid memory address is then used as part of the 


1-30 


write cycle. completion, the data bus is put in the high-impedance 


state and the read/write vrite signal is switched high. The peripheral 


‘logic must remove VPA within one clock after address strobe 
is negated. 


DTACK should not be asserted while VPA is asserted. Note 


. that the R68000 VMA is active low. This allows the processor 


to put its buses in the high-impedance state on DMA requests 
without inadvertently selecting peripherals. 


INTERRUPT OPERATION - 


_ During an interrupt acknowledge cycle while the processor is 


fetching the vector, if VPA is asserted, the R68000 will assert 
VMA and complete a normal R6500 read cycle as shown in 
Figure.38. The processor will then use an internally generated 
vector, called an autovector, that is a function of the interrupt 
being served. The seven autovectors are vector numbers 25 


through 31 (decimal). 


Autovectors operate in the same fashion (but are not restricted 
to) the R6500 interrupt sequence. The basic difference is that 
there are six normal interrupt vectors and one NMI type vector. 
As with both the R6500 and the R68000's normal vectored inter- 
rupt, the interrupt service routine can be located anywhere in 
the address space. This is due to the fact that while the vector 
numbers are fixed, the contents of the vector table entries are 
assigned by the user. 


Since VMA is asserted during autovectoring, the R6500 | 
peripheral address decoding should prevent unintended 
accesses. 
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- Figure 34. 268000 to R6500 Peripheral Timing—Best Case 


60 52 54 мм WWW WW w w мими мм S6 SO 


ск 


А$ 4 MT ! ШІ 
_ DTACK | | | т, TESTS 


DATA IN · 


| d 


` FCO-FC2 


— REMANET EE TED 


Figure 35. Н68000 to R6500 Peripheral Timing—Worst Case 


1-31 


сесі 


CLK 


A1-A23 


VPA 


VMA 


DATA OUT 


DATA IN 


NOTES: | 
THIS FIGURE REPRESENTS THE BEST CASE R6500 TIMING WHERE УРА FALLS BEFORE THE THIRD SYSTEM CLOCK CYCLE 
AFTER THE FALLING EDGE OF E. | | 


THIS TIMING DIAGRAM IS INCLUDED FOR THOSE WHO WISH ТО DESIGN THEIR OWN CIRCUIT TO GENERATE УМА IT SHOWS 
THE BEST CASE POSSIBLY ATTAINABLE. 


Figure 36. R6500 Timing—Best Case 
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PROCESSOR 7 SLAVE 


INITIATE CYCLE 
1) THE PROCESSOR STARTS A 
NORMAL READ OR WRITE CYCLE 


DEFINE R6500 CYCLE 
1) EXTERNAL HARDWARE ASSERTS 
VALID PERIPHERAL ADDRESS (УРА) 


SYNCHRONIZE WITH ENABLE 
1) THE PROCESSOR MONITORS ENABLE 
(E) UNTIL IT IS LOW (PHASE 1) 
2) THE PROCESSOR ASSERTS VALID 
MEMORY ADDRESS (ММА). 


TRANSFER DATA 

1) THE PERIPHERAL WAITS UNTIL E 

IS ACTIVE AND THEN TRANSFERS 
THE DATA 


_ TERMINATE CYCLE 

1) THE PROCESSOR WAITS UNTIL E 
GOES LOW. (ON A READ CYCLE THE 
DATA IS LATCHED AS E GOES LOW 
INTERNALLY) х Е 

2) THE PROCESSOR МЕСАТЕ$ УМА 

3) THE PROCESSOR NEGATES AS, UDS, 
and LDS 


START NEXT CYCLE 


Figure 33. R6500 Interfacing Flow Chart 


DATA TYPES AND ADDRESSING MODES 


Five basic data types are supported. These data types are: 
Bits 
BCD Digits (4-bits) 
Bytes (8-bits) 
Word (16-bits) 
Long Words (32-bits) 


In addition, operations on other data types such as memory 


addresses, status word data, etc., are provided for in the instruc- 
tion set. | 


The 14 addressing modes, shown in Table 9, include six basic 


types: 
Register Direct 
Register Indirect 
Absolute 


Program Counter Relative 
Implied 
Immediate 


ш Implied Register 
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| Relative with Index and Offset 


Included in the register indirect addressing modes is the capa- 
bility to do postincrementing, predecrementing, offsetting and · 
indexing. Program counter relative mode can also be modified 
via ingexing and offsetting. 


Table 9.. Addressing Modes 


Register Direct Addressing 
Data Register Direct 
Address Register Direct 


Absolute Data Addressing 
Absolute Short 
Absolute Long 


A - (Next Word) 
= (Next Two Words) 


Program Counter Relative 
Addressing 
Relative with Offset (РС) + 416 _ 
| (РС) + (Xn) + dg 


Register Indirect Addressing 

Register Indirect __ = (An) | 
Postincrement Register Indirect = (Ап), Ап- An + М 
Predecrement Register Indirect An Ап - М, EA = (Ап) 
Register Indirect with Offset = (An) + 416 
Indexed Register Indirect with Offset = (An) + (Xn) + dg 


Immediate Data Addressing 
Immediate 
Quick Immediate | 


DATA = Next Word(s) 
Inherent Data 


EA = SR, USP, SP, PC 


Effective Address N 
Address Register · 

Data Register 

Address or Data Register 
' . used as Index Register 
Status Register 

Program Counter 
Contents of _ 

Eight-bit Offset 
(displacement) 

dig = Sixteen-bit Offset 
(displacement) 


Implied Addressing - 


EA 
An 
г, Оп 
Хп 


= 1 for Byte, 2 for 
Words and 4 for 
Long Word. If An 
is the stack pointer 
and the operand 
size is byte, N = 2 
до keep the stack. 
pointer on a word 
boundry. 

z Replaces 


Hou ou d 


SR 
РС: 


() 
dg 


. INSTRUCTION SET OVERVIEW 


The R68000 instruction set is shown in Table 10. Some addi- 
tional instructions are variations, or subsets, of these and they 
appear in Table 11. Special emphasis has been given to the 
instruction set's support of structured high-level languages to 
facilitate ease of programming. Each instruction, with few excep- 
tions, operates on bytes, words, and long words and most 


_ instructions can use any of the 14 addressing modes. Combining 


instruction types, data types, апа addressing modes, over 1000 


‚ useful instructions are provided. These. instructions include 


signed and unsigned multiply and divide, "quick" arithmetic 
operations. BCD arithmetic and expanded operations (through 
traps)... 
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Figure 37. RC68000 to R6500 Peripheral Timing Diagram — Worst Case | 
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*ALTHOUGH A VECTOR NUMBER 15 ONE BYTE, BOTH DATA STROBES ARE ASSERTED DUE TO THE MICROCODE USED 
FOR EXCEPTION PROCESSING. THE PROCESSOR DOES NOT RECOGNIZE ANYTHING ON DATA LINES D8 THROUGH | 
D15 AT THIS TIME. | 


Figure 38. Autovector Operation Timing Diagram 
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Ада 
Logical And 
Arithmetic Shift Left 


Branch Conditionally 


Bit Test and Clear 
Branch Always 

Bit Test and Set 
Branch to Subroutine 
Bit Test 


Bounds 
"Clear Operand 
Compare 


Branch 
| Signed Divide 
Unsigned Divide 


Description | 


Add Decimal with Extend 


Arithmetic Shift Right | 


Bit Test and Change ' 


Check Register Against 


Test Condition, Decrement and 


Table 10. 


EOR 
EXG 
EXT 


MOVE 
MULS 
MULU 


Table 11. 


Add 
Add Address 
Add Quick 


Add Immediate 


AND 
ANDI | 
ANDI to ССН 


ANDI to SR 


Add with Extend 


Logical And 
And Immediate 


And Immediate to 


Condition Codes 
And Immediate to 
` Status Register 


Compare | 
Сотраге Аддгез5 


“Сотраге Метогу 


EOR 
EORI 
EORI to CCR 


EORI to SR 


Compare Immediate 

Exclusive Or 

Exclusive Or Immediate 
to Condition -Codes  : 


Exclusive Or Immediate 
to Status Register 


Exchange Registers 
Sign Extend 


Load Effective Address 
Link Stack 
Logical Shift Left 

- Logical Shift Right 


Move — 
Signed Multiply 
Unsigned Multiply 


Negate Decimal with Extend 


Negate 
No Operation 
One's Complement 


JMP Jump 
JSR Jump to Subroutine 


Instruction Set Summary | 


|| Mnemonic Description = |( Mnemonic 


Exclusive Or 


Variations of Instruction Types 


Instruction - Instruction 
Type Variation Description | Type Variation рт 


: "Exclusive Or Immediate .. 
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МОУЕ 
МОМЕА 
МОМЕМ 
МОМЕР 
МОМЕО 

МОМЕ Нот: 58 
MOVE to SR 
MOVE to CCR 


| MOVE USP 


OR 
ORI 


ORI to CCR 


ORI to SR 


16-Bit MPU 


Description — 
Push Effective Address. 


Reset External Devices 0 
Rotate Left without Extend . 
Rotate Right without Extend 
Rotate Left with Extend 
Rotate Right with Extend 
Return from Exception . 
Return and Restore ` 
Return from Subroutine 


: Subtract Decimal with Extend. 
Set Conditional 
Stop 
Subtract 
Swap Data Register Halves 


Test and Set Operand 
Trap 

Trap on Overflow 
Test 


‘Move 

Move Address 

Move Multiple Registers 
Move Peripheral Data 

Move Quick. 

Move from Status Register · 
Move to Status Register . 
Move to Condition Codes 
Move User Stack Pointer 


Negate | 


Negate with Extend 


Logical Or 


. Or Immediate 
_ Or Immediate to Condition Codes 
. Or Immediate to 

.. Status Register 


Subtract 


Subtract Address 
Subtract Immediate 
Subtract Quick 


Subtract with Extend 
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The following paragraphs contain an overview of the form and 
~ Structure of the R68000 instruction set. The instructions form 
a set of tools that include all the machine functions to perform 
the following operations: 

Data Movement | 

Integer Arithmetic 

Logical - 

Shift and Rotate 

Bit Manipulation 

Binary Coded Decimal 

Program Control 

System Control 


The complete range of instruction capabilities combined with 
the flexible addressing modes described previously provide a 
very flexible base for program development. 


ADDRESSING | 


Instructions for the R68000 contain two kinds of information: the 
type of function to be performed, and the location of the 
operand(s) on which to perform that function. The methods used 
to locate (address) the operand(s) are explained in the follow- 
ing paragraphs. 


Instructions specify an operand location in one of three ways: 
Register Specification — the number of the register is given 
in the register field of the 
instruction. 

— use of the different effective 
address modes. 

— the definition of certain instructions 
implies the use of specific 
registers. 


Effective Address 


Implicit Reference 


DATA MOVEMENT OPERATIONS 


The move (MOVE) instruction provides a means for data acquisi- 
tion (transfer and storage). The move instruction and the effec- 
tive addressing modes allow both address and data manipula- 
tion. Data move instructions allow byte, word, and long word 
operands to be transferred from memory to memory, memory 


to register, register to memory, and register to register. Address 


move instructions allow word and long word operand transfers 
and ensure that only.legal address manipulations are executed. 
In addition to the general move instruction there are several 
special data movement instructions: move multiple registers 
(МОМЕМ), move peripheral data (MOVEP), exchange registers 
(EXG), load effective address (LEA), push effective address 
(РЕА), link stack (LINK), unlink stack (UNLK), and move quick 
(MOVEQ). Table 12 summarizes the data movement operations. 


INTEGER ARITHMETIC OPERATIONS 


The arithmetic operators include the four basic operations of add 
(ADD), subtract (SUB), multiply (MUL), and divide (DIV) as well 
as arithmetic compare (CMP), clear (CLR), and negate (NEG). 
The add and subtract instructions are available for both address 
and data operations, and with data operations accepting all 
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Table 12. Data Movement Operations 


Lm = fam 


An -» —(SP) 
SP -—An 
SP 4 писац + ВР 


(ЕА) Dn 
Dn = (ЕА) 


ча 
ce 
SWAP ELEM Dn[31:16] « Dn[15: o] 


An — Sp 
(SP) + — Ап 


$ = зошсе -( ) = indirect with predecrement 
d - destination ( )+ = indirect with postdecrement 
[ ] = bit number # = immediate data 


operand sizes. Address operations are limited to legal address 
size operands (16 or 32 bits). Data, address, and memory com- 
pare operations are also available. The clear and negate instruc- 
tions may be used on all sizes of data operands. 


The multiply and divide operations are available for signed and · 
unsigned operands using word multiply to produce a long word 
product, and a long word dividend with word divisor to produce 
а word quotient with a word remainder. | | 


Multiprecision and mixed size arithmetic can be accomplished 
using a set of extended instructions. These instructions are: add 
extended (ADDX), subtract extended (SUBX), sign extend (EXT), 
and negate binary with extend (NEGX). _ 


A text operand (TST) instruction that sets the condition codes 
as a result of a compare of the operand with zero is available. 
Test and set (TAS) is a synchronization instruction useful in 
multiprocessor. systems. Table 13 summrizes the integer 
arithmetic operations. | 


INSTRUCTION FORMAT 


Instructions, as shown in Figure 39, vary from one to five words 
in length. The first word of the instruction, called the operation 
word, specifies the length of the instruction and the operation 
to be performed. The remaining words further specify the 
operands. These words are either immediate operands or exten- 
sions to the effective address mode specified in the operation 
word. 


R68000 
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8, 16, 32 Dn + (EA) — Оп 
ADD 
16, 32 An + (EA) --Ап 


Table 13. Integer Arithmetic Operations 
(EA) + Dn —(ЕА) 
(EA) + #xxx (EA) 
8, 16, 32 Ох + Dy + X Dx 
Сын [ewe [ora | 


8, 16, 32 Dn - (EA) 
| (ЕА) - #ххх 
CME (Ах) + - (Ау)- 
| 16, 32 Ап - (ЕА) 


on = ЕА Рон 
[ ow | ese | bn = or 
[wa s: ол А 


8, 16, 32 Dn - (ЕА) Dn 
(EA) - Оп + (ЕА) 
(БА) - #ххх -= (ЕА) | 


16, 32 An — (EA) —Ап 
Ох – Dy - X -»Dx 


NOTES: 
[ ] 
-( ) 


bit number 

indirect with predecrement 
indirect with postdecrement 
immediate data 


( )+ 
# 


NEGX 8, 16, 32 0 – (EA) – X (EA) | 


PROGRAM/DATA REFERENCES 


The R68000 separates memory references into two classes: рго- 
gram references, and data references. Program references 
reference that section of memory that contains the program 
being executed. Data references refer to that section of memory 
that contains data. Operand reads are from the data space, 
except in the case of the program counter relative addressing 
mode. All operand writes are to the data space. 


REGISTER SPECIFICATION 


The register field within an instruction specifies the register to 
be used. Other fields within the instruction specify whether the 
register selected is an address or data register and how the 
register is to be used. | hi 


EFFECTIVE ADDRESS | 


Most instructions specify the location of an operand by using 
the effective address field in the operation word. For example, 
Figure 40 shows the general format of the single effective 
address instruction operation word. The effective address is com- 
posed of two 3-bit fields: the mode field, and the register field. 
The value in the mode field selects the different address modes. 
The register field contains the number of a register. 


The effective address field may require additional information 
to fully specify the operand. This additional information, called 
the effective address extension, is contained in the following 
word or words and is considered part of the instruction, as shown 
in Figure 39. The effective address modes are grouped into three 
categories: register direct, memory addressing, and special. 


REGISTER DIRECT MODES. These effective addressing modes 
specify that the operand is in one of the 16 multifunction 
registers. MN | 


Data Register Direct. Тһе operand.is in the data register 
specified by the effective address register field. 


Address Register Direct. The operand is in the address register 
specified by the effective address register field. 


MEMORY ADDRESS MODES. These effective addressing 
modes specify that the operand is in memory and provide the 
specific address of that operand. P 


OPERATION WORD 
(FIRST WORD SPECIFIES OPERATION AND MODES) 


15 14 13 12 11 0 


| SOURCE EFFECTIVE ADDRESS EXTENSION 
(IF ANY, ONE OR TWO WORDS) 


IMMEDIATE OPERAND | 
(IF ANY, ONE OR TWO WORDS) 


DESTINATION EFFECTIVE ADDRESS EXTENSION 
(IF ANY, ONE OR TWO WORDS) 


Figure 39. 


9 8 7 6 5 4 3 2 1 0 


Instruction Format 
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3. 2 1 


EFFECTIVE ADDRESS 
MODE REGISTER 


Figure 40. Single-Effective-Address Instruction Operation Word General Format 


Address Register Indirect. The address of the operand is in 
the address register specified by the register field. The reference 
is classified as a data reference with the exception of the jump 
and jump to subroutine instructions. | 


Address Register Indirect With Postincrement. The address 
of the operand is in the address register specified by the register 
field. After the operand address is used, it is incremented by 
one, two or four depending upon whether the size of the operand 
is byte, word, or long word. If the address register is the stack 
pointer and the operand size is byte, the address is incremented 
by two rather than one to keep the stack pointer on a word 
boundary. The reference classifies as a data reference. 


Address Register Indirect With Predecrement. The address 
of the operand is in the address register specified by the register 
field. Before the operand address is used, it is decremented by 
one, two, or four depending upon whether the operand size is 
byte, word, or long word. If the address register is the stack 
pointer and the operand size is byté, the address is dectemented 
by two rather than one to keep the stack pointer on a word 
boundary. Тһе reference is classified as a data reference. 


Address Register Indirect with Displacement. This address 
mode requires one word of extension. The address of the 
operand is the sum of the address in the address register and 
the sign-extended 16-bit displacement integer in the extension 
word. The reference classifies as a data reference with the 
exception of the jump to subroutine instructions. 


Address Register Indirect With Index. This address mode 
requires one word of extension. The address of the operand 
sums the addresses in the address register, the sign-extended 
displacement integer in the low order eight bits of the extension 
word, and the contents of the index register. The reference is 
classified as a data reference with the exception of the jump 
and jump to subroutine instructions. 


SPECIAL ADDRESS MODE. The special address modes use 
the effective address register field to specify the special address- 
ing mode instead of a register number. 


Absolute Short Address. This address mode requires one word 
of extension. The address of the operand is the extension word. 
The 16-bit address is sign extended before it is used. The 


reference classifies as а data reference with the exception of - 


the jump and jump to subroutine instructions. 


Absolute Long Address. This address mode requires two words 
of extension. The address of the operand is developed by the 
concatenation of the extension words. The high-order part of 
the address is the first extension word; the low-order part of the 
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address is the second extension word. The reference classifies 
as a data reference with the exception of the jump and jump 
to subroutine instructions. 


Program Counter With Displacement. This address mode 
requires one word of extension. The address of the operand 
sums the addresses in the program counter and the sign- 
extended 16-bit displacement integer in the extension word. The 
value in the program counter is the address of the extension 
word. The reference classifies as a program reference. 


Program Counter With Index. This address mode requires one 
word of extension. This address sums the addresses in the pro- 
gram counter, the sign-extended displacement integer in the 
lower eight bits of the extension word, and the contents of the 
index register. The value in the program counter is the address 
of the extension word. This reference classifies as a program 
reference: 


Immediate Data. This address mode requires either опе or two 


words of extension depending on the size of the operation. 


— operand is low order byte of exten- 
sion word 

Word Operation — operand is extension word 

Long Word Operation — operand is in the two extension 
words, high-order 16 bits are in the 
first extension word, low-order 16 
bits are in the second extension 
word. 


Byte Operation 


IMPLICIT REFERENCE 


Some instructions make implicit reference to the program . 
counter (PC), the system stack pointer (SP), the supervisor stack 
pointer (SSP), the user stack pointer (USP), or the status register 
(SR). 


A selected set of instructions may reference the status register 
by means of the effective address field. These are: 


ANDI to CCR 
ANDI to SR 
.EORI їо CCR 
EORI to 58 
MOVE to CCR 
MOVE to SR 
MOVE from SR 
ORI to CCR 
ORI to SR 


EFFECTIVE ADDRESS ENCODING SUMMARY 


Table 14 summarizes the effective addressing modes discussed 
in the previous paragraphs. 
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Table 14. Effective Address Encoding Summary 


Displacement | 111 


010 


SYSTEM STACK. The system stack is used implicitly by many 
instructions; user stacks and queues may be created and main- 
tained through the addressing modes. Address register seven 
(A7) is the system stack pointer (SP). The system stack pointer 
is either the supervisor stack pointer (SSP) or the user stack 
pointer (USP), depending on the state of the S-bit in the status 
register. If the S-bit indicates supervisor state (High), SSP is the 
active system stack pointer, and the USP cannot be referenced 
as an address register. If the S-bit indicates user state (Low), 
` the USP is the active system stack pointer, and the SSP can- 
not be referenced. Each system stack fills from high memory 
to low memory. 


LOGICAL OPERATIONS 


Logical operation instructions AND, OR, EOR, and NOT are. 
available for all sizes of integer data operands. A similar set of 
immediate instructions (ANDI, ORI, and EORI) provide these 
logical operations with all sizes of immediate data. Table 15 sum- 
marizes the logical operations. | 


SHIFT AND ROTATE OPERATIONS 


Shift operations in both directions are provided by arithmetic 
instructions ASR and ASL and logical shift instructions LSR and 
LSL. The rotate instructions (with and without extend) available 
are ROXR, ROXL, ROR, and ROL. All shift and rotate opera- 
tions can be performed in either registers or memory. Register 
shifts and rotates support all operand sizes and allow a shift 
count specified in a data register. 
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Table 15. Logical Operations 


DnA(EA) Dn 
(EA)ADn -»-(ЕА) 
: (EA)A#xxx +-(ЕА) 


Dn » (EA) —Оп 
(ЕА) » Dn —(ЕА) 
(EA) у #ххх —(ЕА) 


(EA) e Dy = (ЕА) 
(ЕА) e #ххх —(ЕА) 


~ (EA) (EA) 


v = logical OR 
e = logical exclusive OR 


immediate data 
logical AND 


Memory shifts and rotates are for word operands only and allow 
only single-bit shifts or rotates. | | 


Table 16 summarizes the shift and rotate operations. 


BIT MANIPULATION OPERATIONS 


The following instructions provide bit manipulation operations: 
bit test (BTST), bit test and set (BSET), bit test and clear (BCLR), 
and bit test and change (BCHG). Table 17 is a summary of the 
bit manipulation operations. (Bit 2 of the status register is Z.) 


Table 16. Shift and Rotate Operations 


Operand NES | | | 
біге | Operation 


AS 
L 


0 
= к= == 


; 
LSR LIT 
= | „== 
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Table 17. Ви Manipulation Operations | 


Operation 


— bit of (EA) -2 
1 + bit of EA 


~ bit of (EA) +-2 
0 bit of EA 


~ bit of (EA) +2 
~ bit of (EA) bit of EA 


NOTE: ~ 


= invert 


BINARY CODED DECIMAL OPERATIONS 


The following instructions accomplish multiprecision arithmetic. 
operations on binary coded decimal numbers: add decimal with 
extend (ABCD), subtract decimal with extend (SBCD), and 
negate decimal with extend (NBCD). Table 18 summarizes the 
binary coded decimal operations: 


PROGRAM CONTROL OPERATIONS. 


Program control operations implementation requires a series of 
conditional and unconditional branch instructions and return 
instructions. These instructions are summarized in Table 19. 


The conditional instructions provide setting and branching for 
the following conditions: 


CC — carry clear · 

CS — саму set 

EQ — equal 

Е — never true 

GE — greater or equal 
GT — greater than 

HI — high 

LE — less or equal 
LS — low or same 
.LT — less than 


MI — minus 

NE — not equal 
PL — plus 

Т · — always true 


VC — no overflow 
VS — overflow 


Table 18. муса Decimal Operations 


Охо + Dyig + X »Dx 
– (Ах)10 + —(Ау)10 + X + (Ах) 


Dx10 – Оучо ~ X —Ох 
— (Ах)10 - -(Ау)10 - X —(Ах) 


0 - (ЕА)0 – X (EA) 


indirect with predecrement 


NOTE: -( )- 
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Table 19. Program Control Operations 


Operation 


Conditional 
Bcc Branch conditionally (14 conditions) 


. 8- and 16-bit displacement . 


Test condition, decrement, branch 
16-bit displacement 


DBcc | 


Scc 


Unconditional 
BRA 


Set byte conditionally (16 conditions) . 


Branch always 
8- and 16-bit displacement 


BSR Branch to subroutine 


8- and 16-bit displacement 
JMP 
JSR 


Jump 
Jump to subroutine 


Returns 
RTR 


RTS 


Return and restore condition codes 


Return from subroutine 


SYSTEM CONTROL OPERATIONS 


System control operations are accomplished by using privileged 
instructions, trap generating instructions, and instructions that 
use or modify the status register. These instructions are sum- 
marized in Table 20. 


INSTRUCTION SET 


The following paragraphs provide information about the address- 
ing categories and instruction set of the R68000. 


ADDRESSING CATEGORIES 


Effective address modes may be categorized by the ways in 
which they may be used. The following classifications will be 
used in the instructions definitions. 


Data If an effective address mode may be used to refer 
to data operands, it is considered a data addressing 
effective address mode. 


If an effective address mode may be used to refer 
to memory operands, it is considered a ща 
addressing effective address mode. 


If an effective address mode may bé used to refer 
to alterable (writeable) operands, it is considered an 
alterable addressing effective address mode. 


If an effective address mode may be used to refer 
to memory operands without an associated size, it 
is considered control addressing зисеике address 
mode. 


Memory 
Alterable 


Control 


Table 21 shows the various categories to which each of the effec- 
tive address modes belong. Table 22 is the instruction set 
summary. 
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Table 20. System Control Operations 


Operation 


Instruction 


Privileged | 
ANDI to SR Logical AND to Status Register 
EORI to SR Logical EOR to Status Register 
MOVE EA to SR | Load New Status Register 
MOVE USP Move User Stack Pointer 
ORI to SR Logical OR to Status Register 
RESET Reset External Devices 
RTE Return from Exception - 

STOP Stop Program Execution 


Trap Generating 
CHK Check Data Register Against Upper Bounds 
TRAP Trap 
TRAPV Trap on Overflow 


Status Register 
ANDI to CCR Logical AND to Condition Codes 
EORI to CCR | Logical EOR to Condition Codes 
MOVE EA to CCR | Load New Condition Codes 
MOVE SR to EA | Store Status Register 
ORI to CCR Logical OR to Condition Codes 


The status register addressing mode is not permitted unless it 
is explicitly mentioned as a.legal addressing mode. 


These categories may be combined, so that additional, more ` 
restrictive, classifications may be defined. For example, the 
instruction descriptions use such classifications as alterable 
memory or data alterable. The former refers to those address- 
ing modes which are both alterable and memory addresses, and 
the latter refers to addressing modes which are both data and 
alterable. 


INSTRUCTION PREFETCH 


The R68000 uses a two-word tightly-coupled instruction prefetch 
mechanism to enhance performance. This mechanism is 
described in terms of the microcode operations involved. If the 
execution of an instruction is defined to begin when the 
microroutine for that instruction is entered, some features of the 


“prefetch mechanism can be described. 


1) When execution of an instruction begins, the operation word 
and the word following have already been fetched. The opera- 
_ tion word is in the instruction decoder. 


2) In the case of multi-word instructions, as each additional word 
of the instruction is used internally, a fetch is made to the 
instruction stream to replace it. 


3) The last fetch from the instruction stream is made when the 
operation word is discarded and decoding is started on the 
next instruction. 

4) If the instruction is à single-word instruction causing a branch, 
the second word is not used. But because this word is fetched 
by the preceding instruction, it is impossible to avoid this 
superfluous fetch. 


5) In the case of an interrupt or trace exception, both words are 
not used. 
6) The program counter usually points to the last word fetched 
from the instruction stream. 


INSTRUCTION EXECUTION TIMES 


The following paragraphs contain listings of the instruction 
execution times in terms of external clock (CLK) periods. In this 
timing data, it is assumed that both memory read and write cycle 
times are four clock periods. Any wait states caused by a longer 
memory cycle must be added to the total instruction time. The 
number of bus read and write cycles for each instruction is 
enclosed in parenthesis following the execution periods and is 
shown as (r/w) where r is the number of read cycles and w is 


the number of write cycles. 


Table 21. Effective Addressing Mode Categories 


Effective 
Address 
Modes 


Register 


Register Number 
Register Number 
Register Number 


011 Register Number 
100 Register Number 
101 Register Number 


d(An, ix) 
ххх МУ 
xxx.L 


110 Register Number 
111 000 
111 001 


d(PC) 111 010 
d(PC, ix) 111 011 
Яххх 111 X 


Addressing Categories 


ZEE 
EZ Ч 
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Table 22. Instruction Set 


Condition Codes 


Mnemonic | — Description ы Operation | | 


) |... | Add Address Е 7 | | (Destination) + (Source) > Destination | | 

ADDI (Destination) + Immediate Data = Destination т 

аш (Аоте — |(езілайоп) A Immediate Data Destination | 

нога зя [AND ine Sate Reger fesas 
PERE 


* 


ЮЕ рени е: 
ЕЕЕ КЕ 


* 


БЕ ШЕ ШЕСЕ 


ASL, ASR Arithmetic Shift E (Destination) Shifted by «count + Destination. 
Branch Conditionally | If cc then PC + d PC | 


~ («bit питбег>) OF Destination —2 
вена Test a Bit and Change ^ ^| ~ («bit number) OF Destination -»- 
| ТЫН. | «bit number OF Destination | | 
"M || ~ («bit number») OF Destination -—Z | 
веня ; Testa Bn ane Gear, | 0 = <БИ number > =ОР Destination - 
Branch Always | | РС + d > РС МЕ | | EM 


ы ( «bit number >) OF Destination 2—Z 
1 — «bit number > OF Destination 


Test a Bit and Set 


logical AND = affected 
= logical OR unaffected 
logical exclusive OR cleared 
= logical complement set 
= undefined 
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Table 22. Instruction Set (Continued) 


pw Description | Operation . 
Exclusive OR Immediate , 


В 
| В 
эы СИ НИЕ 
эт [бубен _________|бжишовриижтониња _______|-| 
Me m ЕИ 
ГИТСИН Е 
- 
| = 

Б 

м 


Condition Codes - 


X | 
X 
| 
Logical Shift (Destination) Shifted by «count» +» Destination 
(Source) = Destination 
MOVE to CCR | Move to Condition Собе 
Sou) БА | 
MOVE from SR SR + Destination | 


MOVEA Move Address (Source) +» Destination 


Register + Destinati S 
„МОМЕМ Move Multiple Registers сос) 2. 
| MOVEP 


Move Data from Source to Destination 


Ы 
E 
ЕЗ 
СТИ УСНИ 
Immediate Data -» Destination | - 
(Destination)X(Source) +- Destination -| 
(Destination)X(Source) +- Destination m 
[Neco [Negat Decne! win Exend — [0 estnatono < Коен — | 
| NEG һм ____________| 0 – (Destination) + Destination | М 
СЕНЕН — Gi 
= 

ES 

| 

E 

| m 

E! 


NEGX 


NEG 
| Negate with Extend 0 - (Destination) — X + Destination 
No Operation Во a ||. 
Logical Complement ~ (Destination) æ Destination | 
ЕА 


оп | Inclusive OR Logical (Destination) г (Source) - Destination 
|OR — Inclusive OR Immediate | (Destination) у Immediate Data — Destination 
Inclusive OR Immediate | | | | 
Inclusive OR Immediate 
ORI to SR to Status Register | (Source) » SR 58 T | 


Push Effective Address «ea» + – (SP) 


ROL, ROR Rotate (Without Extend) (Destination) Rotated by «count» æ Destination 


БЛЕЯ ОЕ ЕИ Е ЕЕ ee ees ie А ПБ Е 


NOTES: | 
А logical AND. ` = affected 
logical OR - unaffected 


p 

e = logical exclusive OR  . = cleared 

~ = logical complement. . set 
| undefined. 
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Table 22. Instruction Set (Continued) 


_| (SP) + SR; (SP) + --РС 


affected 
unaffected 
cleared 
set 
undefined 


bit number 

logical AND 

logical OR 

logical exclusive OR 
logical complement 


пана И 


Моје 


The number of periods includes instruction fetch and а! 
applicable operand fetches and stores. 


EFFECTIVE ADDRESS OPERAND 
CALCULATION TIMING 


Table 23 lists the number of clock periods required to compute 
an instruction's effective address. It includes fetching of any 
extension words, the address computation, and fetching of the 
memory operand. The number of bus read and write cycles is 


shown in parenthesis as (r/w). Note there are no write cycles. 


involved in processing the effective address. 


MOVE INSTRUCTION CLOCK PERIODS 


Tables 24 and 25 indicate the number of clock periods for the 
move instruction. This data includes instruction fetch, operand 
reads, and operand writes. The number of bus read and write 
cycles is shown in parenthesis as (r/w). 
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STANDARD INSTRUCTION CLOCK PERIODS 


The number of clock periods shown in Table 26 delineate the 


. time required to perform the operations, store the results, and 


read the next instruction. The number of bus read and write 
cycles is shown in parenthesis as (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. | 


In Table 26, the headings have the following · meanings: 
Ап -address register operand, Оп data register operand, 
еа-ап operand specified by an effective address, and 
M = memory effective address operand. 


IMMEDIATE INSTRUCTION CLOCK PERIODS 


The number of clock periods shown in Table 27 includes the 
time to fetch immediate operands, perform the operations, store 
the results, and read the next operation. The number of bus read 
and write cycles is shown in parenthesis as (r/w). The number 


В68000 | о. BD 


тере 23. Effective Address Calculation Timing 


Addressing Mode Byte, Word 


| | Register | 
Data Register Direct | | 0(0/0) | 0(0/0) 
Address Register Direct | 0(0/0) | -0(0/0) 


Метогу ids | " за 
Address Register Indirect 4(1/0) ` 8(2/0) 
Address Register Indirect with Postincrement 4(1/0) 8(2/0) 


— (An) . Address Register Indirect with Predecrement 6(1/0) 10(2/0) 
d(An) Address Register Indirect with Displacement 8(2/0) 12(3/0) 
d(An, ix)* Address Register Indirect with Index 10(2/0) 14(3/0) 
xxx.W Absolute Short | - 8(2/0) 12(3/0) 
xxx.L ` Absolute Long 12(3/0) 16(4/0) . 
are .. Program Counter with ОБ Бател 8(2/0) 12(3/0) ` 
. а(РС, іх)" Program Counter with Index 10(2/0) 14(3/0) . 
Яххх Immediate hid 8(2/0) 


*The size of the index register (ix) does not affect execution time. 


Table 24. Move Byte and Word Instruction Clock Periods 


- Destination 


4(1/0) 410) | | 8071) 8(1/1) | 8(1/1) 12(2/1) 14(2/1) 12(2/1) 16(3/1) 
4(1/0) 4(1/0) вал) вал) 8(1/1) 12(2/1) 14(2/1) 12(2/1) 16(3/1) 
8(2/0) в(20) | 12(2/1) . 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1) 


(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 46631) | 18(3/1) 16(3/1) 20(4/1) 
10(2/0) 10(2/0) | 14(2/ | 14(2/1) 14021) 18(3/1) 2031) | 18(3/1) `22(4/1) 


12(3/0) 12(3/0) |. 16(3/1) _ 16(3/1) | 1681) 2041) | 22(41) | 20(4/1) 24(5/1) 


(Ап, ix)* 14(3/0 | 14(3/0) 18(3/1) 18(3/1) 18(3/1) 2241) | 2441) 22(4/1)  26(5/1) 
Xxx. W 12(3/0) 12(3/0 | 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24(571) | 
xxx.L 16(4/0) 16(4/0) 20(4/1) 20(4/1) 20(4/1) 2451) | 26(5/1) 24(5/1) 28(6/1) 


12(3/0) 12(3/0) 16(3/1) 16(3/1) | 16(3/1) 20(4/1) 22(4/1) 20(41) | 24(5/1) 
14(3/0) 14(3/0) 18(3/1) 18(3/1) 18(3/1) 22(4/1) © 24(4/1) - 22(4/1) |. 26(5/1) 
8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) _ 16(3/1) 18(3/1) 16(31) | 20(4/1) 


“Тһе size of the index register (ix) does not affect execution time. 


of clock periods and the number of read and write cycles must SINGLE OPERAND INSTRUCTION CLOCK PERIODS 


be added respectively to those of the effective adress calcula- 
tion where indicated. | | Table 28 indicates the number of clock periods for the single 
| | b | operand instructions. The number of bus read and write cycles 
In Table 27, the headings have the following meanings: is shown in parenthesis as (r/w). The number of clock periods 
# immediate operand, Dn=data register operand, ^ . and the number of read and write cycles must be added respec- 
Ап = address register operand, M= memory operand, and | tively to those of the effective address calculation where 
ӨН = status register. | y | indicated. » 
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Table 25. Move Long Instruction Clock Periods 


| Destination | 


4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) с 18(2/2) · 16(2/2) | 20(3/2) 
4(1/0) ` 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) :18(2/2) 16(2/2) 20(3/2) 
12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2) 
12(3/0) 12(3/0) 20(3/2) 20(3/2) . 20(3/2) 24(4/2) | 26(4/2) 24(4/2) . 28(5/2) 
14(3/0) 14(3/0) | - 22(3/2) 22(3/2) | 22(3/2) 26(4/2). 28(4/2) 26(4/2) 30(5/2) 
16(4/0) 16(4/0) 24(4/2) 24(4/2) | 2440) | 28(5/2) 30(5/2) `28(5/2) 32(6/2) 
d(An, ix)* 18(4/0) 18(4/0) 26(4/2) 26(4/2) | `26(4/2) | 3052) | 32(5/2) . 30(5/2) 34(6/2) 
Xxx. W 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) | 28(5/2) 32(6/2) 
xxx.L 20(5/0) 20(5/0) 28(5/2) 28(5/2). 28(5/2) 32(6/2) 34(6/2) ` 32(6/2) 36(7/2) 
16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) :32(5/2) 
18(4/0) | `18(4/0) | 26(4/2) _ 26(4/2) 26(4/2) 30(5/2) 32(5/2) 30(5/2) 34(6/2) 
12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2) 


“Тһе size of the index register (ix) does not affect execution time. 


Table 26. Standard Instruction Clock Periods 


[эм [шша | oman | 


8(1/1) + 
12(1/2) + 


—6(1/0)+ 
4 


Byte, Мод. | __- [| (Or ___ 
PE EET NUM пе MP EU 

Byte, Word 6(1/0) + 4(1/0) + 
ini v ___| ш | — 
ООО [oom ООО 


| ooo | зш, Е 
Ву. Word | | amo вал) + | 


rae) 


5 оо 
ПЕН -` Byte, Word _ En 
Long - 21?) 


4(1/0)+ _ ВИЛ) + 


SUP. С 6(1/0) + ** | 6(170) + ** Ст + 


+ add effective address calculation time 
T word or long only 

* indicates maximum value | 
`** The base time of six clock periods is increased to eight if the effective address mode is register direct or immediate (effective address time 

should also Бе added). ` ; 

*** Only available effective address mode is data register direct | | 

DIVS, DIVU The divide algorithm used by the А68000 provides less than 10% difference between the best and worst case timings. 

MULS, MULU The multiply algorithm requires 38 + 2n clocks where n is defined as: 
| |» ' .. MULU: n = the number of ones in each «ea» | | 
MULU: п = concatanate the «ea with a zero as the LSB; п is the resultant number of 10 or 01 patterns in the 17-bit source; i.e., worst: 

case happens when the source is $5555. | | | 5 


вал) + 


R68000 | | | | Bit MPU 


Table 27. · Immediate Instruction Clock Periods 


| Вуе, Мога 8, 
| арра | | pyle Word _____40/0) | зоо ___| — валјљ ___ 
80) ШШ i 
b | заан) __ 
Ex 20(3/1) + 


CAD 


кұ Byte, Word 02-0 8(20) 
7660 
ы `8(2/0) + _ 


_ 12(21) + 


Byte, Word | 8(2/0) 
is 14370) 
| 20(3/2) + — 


| 
Byte, Word 8(2/0)  - .1IX2/1)- |. — .: 
wap __|___- . |. 8+. 
) 


Byte, Word 8(2/0) ____- _____ 
1630) (2 ры 
| 16(3/0) DEC т, 20(3/2) + 
| ) 
) | 


SUED Byte, Word (1/0 8(1/0) 8(1/1) + 


SUBI Byte, Word 8(2/0) | 12(2/1) + 
at) _ 800 00. 


+ add effective address calculation time 
* word only | | 


Table 28. біпше Орегапа Instruction Clock Periods 


БЕНЕН”... [= == 


ПА 
Byte, Word валун _ 


| Bye, Wor аю 
777509 MEUM 


4(1/0) 
ico се Е | 
Byte, Word’. 2422 4(1/0) .. 8(1/1)+_ 


СІН | | 
m NEG 
ый stu “о — —] 
Byte, False E 4(1/0) 2 8(1/1) + => 


SCC 


вете И 910 [WW | 


Lowe 0 аш | м | 


+ add effective address calculation time — 
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SHIFT/ROTATE INSTRUCTION CLOCK PERIODS 


“e Table 29 delineates the number of clock periods for the shift 
> and rotate instructions. The number of bus read and write cycles 
is shown in parenthesis as: (r/w). The number of clock periods. 
~ and the number of read and write cycles must be added respec- · 
tively to those of the effective address calculation where 


indicated. 


BIT MANIPULATION INSTRUCTION CLOCK PERIODS 


Table 30 indicates the number of clock periods required for the 


bit manipulation instructions. The number of bus read and write: 


cycles is shown in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. | 


CONDITIONAL INSTRUCTION CLOCK PERIODS 


Table 31 delineates the number of clock periods required for 
the conditional instructions. The number of bus read and write 
cycles is indicated in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. | | 


JMP, JSR, LEA, PWA, MOVEM INSTRUCTION CLOCK 
PERIODS 


- Table 32 indicates the number of clock periods required for the 


jump, jump to subroutine, load effective address, push effec- 
tive address, and move multiple registers instructions. The 
number of bus read and write cycles is shown in parenthesis 
as: (r/w). 


Table 29. Shift/Rotate Instruction Clock Periods | | 


ан 
| ШЕБЕРІ кз > йз... | 
ра иа 


| за ___| | 
Word 
vum + за ПИЈЕ 


+ add effective address calculation time 
n is shift or rotate count 


8( 
| ROR, ROL йе иаа 6 + 2n(1/0) 8(1/1) + 
8( 


Byte, Word | . — "Ld 6 + 2n(1/0) 1/1) + 
| ROXR, ROXL | 8 + 2n(i/0) 


12(2/1) + 


R68000 | г E | ^ 16-ВИ MPU 


Table 31. Conditional Instruction Clock Periods | 
Branch Taken 


| 10(2/0 | | 


Branch Not Taken ` 


10(2/0) 12270) 

| вие 10(2/0 ______- __„ 4 
С 1020) ==» — 
ова c 18(2/2 КЕМЕЛЕР ЕКЕН 


| 81/0) ___ 
“ңа? See | 


RA ee (OOM ey ue ea ce 12(2/0 
cc CC false 10(2/0) 14(3/0 . — 


Table 32. JMP, JSR, LEA, РЕА, MOVEM INSTRUCTION CLOCK PERIODS 


NM | ал urs mm [сю | wm 
КЕН КТШ 


ШОЙ | чес, | 
[ - mem zum wm [mem [wen zum | 
[ - | we» [wem [sm [чю | eam [шю — 
[ - seem [wen [een [mon [en [oen | 


ой | = _ 
wea | — | 
к саш ж 

E 


12(1/2) | 
12 + Ап 12 + Ап 16 + 4n | 18 «4n 16 + 4n | 20 + 4n 16 + 4п 18 + Ап 
(3 + п/0) (3 + п/0) (4 + п/0) (4 + п/0) (4 + п/0) (5 + n/O) | (4 + n/O) (4 + п/0) 
12 + 8п 16 + 8п 18 + 8п 16 + 8п 20 + 8п 16 + 8п 18 + 8п 
(3 + 2п/0) (4 + 2п/0) | (4 + 21/0) | (4 + 2п/0) | (5 + 2п/0) | (4 + 2n/O) | (4 + 2п/0) 
8 + 4n 12 + 4n 14 + 4n 12 + 4n 16 + 4n 
(2/n) . | (3/п) (3/n) (S/n) . (4/n) - E 
8 + 8n | 12 + 8n 14 + 8n 12 + 8n 16 + 8n. 
(2/2п) (3/2п) (3/21) | (3/2п) (4/2п) | 
n is the number of registers to move | | 


* The size of the index register (ix) does not affect the instruction's execution time 


Table 33. Multi-Precision Instruction Clock Periods 


ШЕТЕНІСІЛЕ 
"m Byte, Word 4(1/0) 


CMPM Byte, Word ME RENE 12(3/0) 


20(5/0) 
time to fetch both operands, perform the operations, store the 


results, and read the next instructions. The number of read and SUBX вие, ош ч леи) 
write cycles is shown in parenthesis ав: (г/м). 


In Table 33, the headings have the following meanings: Dn = data 
register operand and M = memory operand. 
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MULTI-PRECISION INSTRUCTION CLOCK PERIODS 


Table 33 delineates the number of clock periods for the multi- 
precision instructions. The number of clock periods includes the 


R68000 _ 


16-Bit MPU 


MISCELLANEOUS INSTRUCTION CLOCK PERIODS 


Table 34 and 35 indicate the number of clock periods for the 


- following miscellaneous instructions. The number of bus геаа 
.^; and write cycles is shown in parenthesis аз: (r/w). The number 


- of clock periods plus the number of read and write cycles must 
be added to those of the effective address calculation where 
indicated. E 


Table 34. Miscellaneous Instruction Clock Periods 


Table 35. Move Peripheral Instruction Execution Times | 


Register > Memory | Memory-—-Register 
Word 16(2/2) 16(4/0) | 
MOVEP опа |. 24(2/4) 24(6/0) 


E .. TRAP Instruction | 


EXCEPTION PROCESSING CLOCK PERIODS 


Table 36 delineates the number of clock periods for exception 
processing. The number of clock periods includes the time for 
all stacking, the vector fetch, and the fetch of the first instruc- 
tion of the handler routine. The number of bus read and write 
cycles is shown in parenthesis as (r/w). | 


MOVE from USP ЖЕГЕН 4(1/0) 


20(5/0) 


- Table 36. Exception Processing Clock Periods 


Address Error | 50(4/7) 


RESET** 40(6/0) 
Trace b gal i 34(4/3) 


38(4/4) 


.. TRAPV Instruction. —— 34(4/3) 


+ add effective address calculation time | | 
* The interrupt acknowledge cycle.is assumed to take four clock 
periods. Е m я 
** Indicates the time from when RESET апа HALT are first sampled 
as negated to when instruction execution starts. | 
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MAXIMUM RATINGS 


– 0.310 +7.0 
– 0.310 +7.0 


Зиррју Voltage 


Input Voltage - 
Operating Temperature Range. 


Storage Temperature 


THERMAL CHARACTERISTICS 


Thermal Resistance AJA | 
30 °C/W 
| 55 +5 °C/W 


64-Pin Ceramic 
64-Pin Plastic Dip 

This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields; however, 
it is advised that normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum-rated voltages to this 
high-impedance circuit. Reliability of operation is enhanced if 
unused inputs are tied to an appropriate logic voltage level (e.g., 
either Vss ог УСС. 


POWER CONSIDERATIONS _ 


The average chip-junction temperature, Ty, in °C can be 
obtained from: 


TJ = ТА + (РО • буд) (1) 


DC ELECTRICAL CHARACTERISTICS 


Where: 


TA = Ambient Temperature, °С 


ӨЈА = Package Thermal Resistance, Junction-to- 
Ambient, °C/W 


Рр = PINT + РО ч 
PINT = Icc * Усс, Watts—Chip Internal Power 


Po = Power Dissipation on Input and Output Pins— 
User Determined 


For most applications Po «< РМТ and can be neglected. 


An approximate relationship between Pp and Ty (if Pio is 
neglected) is: 


Pp = K = (TJ + 27390) (2) 


Solving equations 1 and 2 for K gives: 
К = Pp * (ТА + 273°C) + СА •Рр2 (3) 


Where K is a constant pertaining to the particular part. K can 
be determined from equation 3 by measuring Ро (at equilibrium) 
for a known TA. Using this value of К the values of Pp and Ty 
can be obtained by solving equations (1) and (2) iteratively for 
any value of TA. | 


МСС = 5.0 Мас +5%, Усс = 0 Мас, TA = TL to ТН °C. See Figures 41, 42, and 43. 


Characteristic | | 
Input High Voltage | 


Input Low Voltage 


Input Leakage Current 
BERR, BGACK, BR, DTACK, CLK, IPLO-IPL2 
VPA, HALT, RESET 


Three-State (Off State) Input Current 
AS, А1-А23, 00-015, FCO-FC2, LDS, R/W, UDS, VM 


Output High Voltage 

E* 

E, AS, A1-A23, BG, 00-015, FCO-FC2, LDS, RW, UDS, УМА 
Output Low Voltage | 

HALT 

BG, FCO-FC2, А1-А23 

RESET 


Input Capacitance 


*With external pullup resistor of 1.1 kQ 
* *Capacitance is periodically sampled rather than 100% tested. 


VIN = 0.4У to 2.4V 
Мсс = 5.25V 


4.75V 

1.6 mA) 
3.2 mA) 
5.0 mA) 
- 5.3 mA) 


E жс 
оо 
го 


(loL 
(ос 
(IOL 


Voc = 5.0V, Мм = OV 
f = 1 MHz, ТА = 25°C © 


***During normal operation instantaneous Vcc current requirements may be as high as 1.5A. 
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TEST MMD6150 - 
POINT ОН EQUIVALENT 


CL 1 | 
| MMD7000 
OR EQUIVALENT 


) | Тт = 
Сі = 130 pF Е 
(INCLUDES ALL PARASITICS) 

Ri =6.0 КО FOR — = 
AS, A1-A23, Вб, 00-015, Е ___ 
FCO-FC2, LDS, R/W, UDS, УМА 

_ А*=1.22 КО FOR А1-А23, BG, 

FC0-FC2 | 


Figure 41. RESET Test Load Figure 42. HALT Test Load "E. Figure 43. Test Loads 


CLOCK TIMING (See Figure 44) 


Figure 44. Input Clock Waveform 
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES 
(Усс = 5.0 Мас +5%, Vss = 0 Мас; TA = ТІ to ТН, see Figures 45 and 46) 


Characteristic | Symbol 


-. 


- «л 
№ ~ о -à о 
о о о o о 


k = |. 
- ~ gi | = 
о ол e о е 


Clock Period Кус 
Clock Width Low tcL 
Clock Width High CH 
lock Fall Time tct 


о 
E 
№ 
о 


| го 
м ~ | ~ | | C 
e Оооо о 


x En = 

= о) a 

сл о а | an сл 
о о 


= 
№ 


T 


-b | -. 
ES -. 
сл с | oO 


О 


Clock Rise Time 0 


б 


О 


lock Low to Address tCLA 


< 


го 
+ a 
о © 

~ | ~ | 


6A | Clock High to FC Valid tCHFCV 
7 Clock High to Address Data tCHAZx 120 
High Impedance (Maximum) 
Clock High to Address/FC tCHAZn 
Invalid (Minimum) 
91 Clock High to AS, DS Low tCHSLx 
(Maximum) 
10 | Clock High to AS, DS Low СНІ л Бе 


(Міпітит) 


сл 


112 | Address to AS, DS (Read) 


Low/AS Write 


FC Valid to AS, DS (Read) 
Low/AS Write 


Clock Low to AS, DS High tCLSH 


AS, DS High to Address/FC tSHAZ 
Invalid 


142 | AS, DS Width Low (Read)/AS tSL 
rite 

A? S Width Low (Write) 

15? | AS, DS Width High 

Clock High to AS, DS High 
172 | AS, DS High to R/W High 


18! | Clock High to R/W High 
(Maximum) 


Clock High to R/W High 
(Minimum) 


Clock High to R/W Low 

AS Low to R/W Valid | 
Address Valid to R/W Low 
FC Valid to АМУ Low ІЕСУНІ. 
R/W Low to DS Low (Write) tRLS 

3 Clock Low to Data Out Valid tCLDO 


24 | Clock High to R/W, VMA tCHRZ 
High Impedance | 


ТАМ УЕ 


11A? tFCVS 


- 


| = 
сл ьо 
о се 
e 

e ~ oia 
о о oio o 


-— 


21 
13? 


сл 


0 


со 


~ № | N ~, 


№ 
ы 
о 


~ 


= 


tDWP 


E 
№ 
o 


tCHS 


tSHRH 
tCHRHx 


| 
o 
т 


сл со 
л о 
& го 
о о 
-- 
t 


tCHRHn 


| iCHR 
tASR 
tAVR 


№ сл 
Co оо 
о тл 


20А6 
212 
21А2 


т» 
о 


| 


n2 


DS High to Data Out Invalid tSHD 
Data Out Valid to DS Low tDOS 30 
(Write) 


275 | Data In to Clock Low 


tDICL 
(Setup Time) | 


27A Late BERR Low to Clock Low 
(Setup Time) 


AS, DS High to DTACK High 


r^ 
A 
о 


ВЕС 


№ 
> 
о 


tSHDA 


E - | — со | сд E ~ со 
о 
о о 


~ со | 5 © B 
го со | = оз ~ 
ola ólo | а | | о 


сл 
со 


86800072. | 16-ВИ MPU 


AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (CONTINUED) 


55 High to Data Invalid 
(Hold Time) | 


| 30 | А5, 05 ноп to BERR High | teuggH | 0| -| 0| -| of -| of -| 0| —| во 
(sence Поа M Бы i la ed ВЫ 
. | (Setup Time) j 
Cim bi i ee WE Pe 
Transition Time _ 
Сеск High ебін — | tua | —| 9| —| 9| -| 70 
[Glock High to BG High | tenen | —| 99 
ВА LowtoBG Low | ивица. | 15| 35) 15) 35 
BR High to BG High | «ванан | 1 | 
1 


BGACK Low to BG High tGALGH 
BGACK Low to BR High tBGKBR 
(to Prevent Rearbitration) 


BG Low to Bus High taLz 
Impedance (with AS High) 


0 
2) 
т 
0) 
r 
z 


5 
~ 
о 


> |“ 


BG Width High tGH 


Е Low to Address/VMA/FC | ЧЕЛА 
Invalid 
BGACK Width 


475 | Asynchronous Input 

Setup Time | | 
483 | BERR Low to DTACK Low - ВЕРА. 30 
49 | E Low to AS, DS Invalid -8 
5 
ы 


R/W to Data Bus Impedance tRLDO 55 
Change 
HALT/RESET Pulse Width tHRPW 


— 
сл 


“3 
4 


8 
1 
42 
44 
45 


ва 
о 
> 
л 


m 


20 


— 
л о 


ој о 
оо 
оо 
~ 
e 
о 


s 
о 


о 
л 


55 
64 


E 
o 


5 


— 


A 
e 
e o o 


оо 


Notes: 
1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given in these columns. 
. Actual value depends on clock period. 

. If #47 is satisfied for both DTACK and BERR, #48 тау be 0 nanoseconds. 


. For power up, the MPU must be held in RESET state for 100 ms to stabilize all on-chip circuitry. After the system is powered up, #56 refers 
to the minimum pulse width required to reset the system. | 


5. If the asynchronous setup time (#47) requirements are satisfied the DTACK low-to-data setup time (#31) requirement сап be ignored. The data 
must only satisfy the data-in clock-low setup time (#27) for the following cycle. 


. When AS and R/W are equally loaded (+ 20%), subtract 10 nanoseconds from the value given in these columns. 


» о № 
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(AT-A23 ПП > 


ат < 
xs деме? | | 
LDS/UDS dL 5) / 
FCO-FC2 NE Ge МАЕ ШІ 
ete i 
| ез s 


ASYNCHRONOUS ЕН 
moe) 7” 3 NE 


HALT/RESET | | | B 
< — е» 
BERH/BR (47) D 
ONES к hai и 
ре өз ok | 
" ње 


Ны сары SONA с 


МОТЕ5: 


1. SETUP TIME FOR THE ASYNCHRONOUS INPUTS ВСАСК, IPLO-IPL2, АМО УРА GUARANTEES THEIR RECOGNITION AT THE 
NEXT FALLING EDGE OF THE CLOCK. 

2. BR NEEDS FALL AT THIS TIME ONLY IN ORDER TO INSURE BEING RECOGNIZED AT THE END OF THIS BUS CYCLE. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE OF 
2.0 VOLTS, UNLESS OTHERWISE NOTED. | T 


Figure 45. Read Cycle Timing 
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68000 | | 16-Bit MPU 


CLK 


A1-A23 


LDS/UDS 


DATA OUT 
ЕСО-ЕС2 


ASYNCHRONOUS 
INPUTS 


HALT/RESET 


BERR/BR 


DTACK 


NOTES: | 

1. BECAUSE OF LOADING VARIATIONS, R/W MAY BE VALID AFTER AS EVEN THOUGH BOTH ARE INITIATED BY THE RISING 
EDGE OF S2 (SPECIFICATION 204). | 

2. TIMING MEASUREMENTS ARE REFERENCED ТО AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND А HIGH VOLTAGE OF 
2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 46. Write Cycle Timing 
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В68000 | : | 16-Bit MPU 


AC ELECTRICAL SPECIFICATIONS — BUS ARBITRATION 
(МСС = 5.0 Мас £596, Vss = 0 Мас, TA = 0° to 70°C. See Figure 47.) 


Clock High to BG Low | | (сна. 
Clock High to BG High ICHGH 


Low to BG Low 


37 
37A 
38 
39 
46 


BGACK Width 


THESE WAVEFORMS SHOULD ONLY BE REFERENCED IN REGARD TO THE EDGE-TO-EDGE MEASUREMENT OF THE TIMING 
SPECIFICATIONS. THEY ARE NOT INTENDED AS A FUNCTIONAL DESCRIPTION OF THE INPUT AND OUTPUT SIGNALS. 
REFER TO OTHER FUNCTIONAL DESCRIPTIONS AND THEIR RELATED DIAGRAMS FOR DEVICE OPERATION. 


STROBES 
AND R/W 


CLK 


NOTES: Ж 


1. SETUP TIME FOR THE ASYNCHRONOUS INPUTS ВЕНН, ВСАСК, BR, ОТАСК, IPLO-IPL2, AND VPA GUARANTEES THEIR 
RECOGNITION AT THE NEXT FALLING EDGE OF THE CLOCK. s 


2. WAVEFORM MEASUREMENTS FOR ALL INPUTS AND OUTPUTS ARE SPECIFIED AT: LOGIC HIGH = 2.0 VOLTS, 
LOGIC LOW =0.8 VOLTS | | x | 


Figure 47. АС ELECTRICAL Waveforms — Bus Arbitration 
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 DOUBLE-DENSITY FLOPPY DISK 
|. CONTROLLER (DDFDC) 


A PRELIMINARY 


DESCRIPTION 


The R68465 Double-Density Floppy Disk Controller (DDFDC) | 


interfaces up to four floppy disk drives to a 68000/68008 
microprocessor-based system. The DDFDC simplifies the system 
design by minimizing both the number of external hardware com- 
ponents and software steps needed to implement the floppy disk 
drive (FDD) interface. Control signals supplied by the DDFDC 
reduce the number of components required in external phase 
locked loop and write precompensation circuitry. Memory- 
mapped registers containing commands, status and data simplify 
the software interface. Built-in functions reduce the software 
overhead needed to control the FDD interface. The DDFDC sup- 


ports both the IBM 3740 Single-Density муа апа IBM System 


34 Double-Density (MENI formats. 


The DDFDC interfaces directly to the 68000/68008 asynchronous 
microprocessor. bus and operates with 8-bit byte length data 
transferred on the bus. The DDFDC will operate in either DMA 
or non-DMA mode. In DMA mode, the MPU need only load the 
command into the DDFDC and all data transfers occur under 
DMA control. The DDFDC is directly compatible with the 
МС68440 Dual Direct Memory Access Controller (DDMAC). In 
non-DMA mode, the DDFDC generates an interrupt to the MPU 
indicating that : a byte of data is available. | 


Controller commands, command or device status, and data are 
transferred between the DDFDC and the MPU via six internal 
registers. The Main Status Register (MSR) stores the DDFDC 
status information while four additional status registers provide 
result information to the MPU following each controller com- 
mand. The Data Register (DR) stores actual disk data, param- 
eters, controller commands and FDD status information for use 
by the MPU. i 


The R68465 executes 15 separate multi-byte commands: 


Read Data 4 Specify _ 

Write Data | mE Format a Track 

Read Deleted Data | Scan Equal | 
Write Deleted Data | Scan High or Equal | 
Read a Track Scan Low or Equal | 
Read ID | - © Sense Interrupt Status 
Seek . Sense Drive Status 
Recalibrate (Restore to Track 0) ~ 


Document Мо. 68650М08 


FEATURES 


• Address mark detection circuitry 


* Software control of 


—Track stepping rate 
—Head load time 
—Head unioad time 


* |BM compatible in both single- and double-density recording 
formats 


. Programmable data record lengths: 128, 256, 512, 1024, | 
2048, 4096 or 8192 bytes/sector | 


е Multi-sector and multi-track transfer capability 


е Controls up to four floppy disk drives 


• Data scan capability—will scan a single sector or an entire 
track of data fields, comparing on а byte-by-byte basis data 
in the processor's memory with data read from the disk 


• Data transfers in DMA ог non-DMA mode 
• Parallel seek operations on up to four drives 


• Directly compatible with 68000 16-bit and 68008 8-bit asyn- 
chronous microprocessor bus 


• Single phase 8 MHz Clock 


ө Single +5 Volt Power Supply 


ORDERING INFORMATION 


Part Number 
| R68465 ew ^ 8 MHz. 


CLK Frequency Temperature Range 
09С to 70°С 


Раскаде: С = Ceramic 
Р = Plastic 


Product Description Order No. 707 
Rev. 3, March 1984 
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BUS 
INTERFACE 
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RDW 
RDD 
усо 
WCK 
WDA 
WE 
Р5О-Р51 


FDD 
SERIAL 
DATA 
INTERFACE 


RDY 

IDX 
WP/TS 
FLT/TRKO 
LCT/DIR 
FR/STP 
RW/SEEK 
HDL 
HDSEL 
USO 
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МЕМ 
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FDD 
_ STATUS 
INTERFACE | 


Figure 1. DDFDC Input and Output Signals 


РІМ DESCRIPTION 


Throughout this document signals are presented using the terms 
active and inactive, or asserted and negated, independent of 
whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. For 
example, R/W indicates read is activelhigh and a write is active 
low. | 


BUS INTERFACE 


DO-D7—Data Lines. The bidirectional data lines transfer data 
between the DDFDC and the 8-bit data bus. 


CLK—CLOCK. The clock is a TTL compatible 8 MHz square 
wave signal. 


RESET—RESET. This active high input places the DDFDC in the 
idle state and resets the output lines to the floppy disk drives 
to the low state. 


CS—Chip Select. The DDFDC is selected when the CS input 
is low. 
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RS—Data/Status Register Select. This input selects the Data 
or Status Register for reading from or writing to. When 
RS - high, the Data Register is selected and the state of R/W 
determines whether it is a read (RW = high) or a write 
(R/W = low) operation. when RS = low, the Status Register is 
selected. This register may only be read (R/W = high); the state 
RW = low is invalid when the Status Register is selected. 


IRO—Interrupt Request. This active low output is the interrupt 
request generated by the DDFDC to the MPU. IRQ is asserted 
upon completion of some DDFDC commands and before a data 
byte is transferred between the DDFDC and the data bus (in the 
Non-DMA mode). | 


R/W—Read/Write. This input defines the data bus transfer аз a 
read or write cycle. When high (read), the data transfer is from 
the DDFDC to the data bus. When low (write), the data transfer 
is from the data bus to the DDFDC. 


DTACK—Data Transfer Acknowledge. This signal is the asyn- 
chronous handshake line for information transfer on the 68000 
system bus. It is generated by the DDFDC as an acknowledge 
to the CS signal in an asynchronous transfer. A low output 
indicates that valid data is on the bus (read cycle) or that data 
has been written (write cycle). Except when being asserted, this 
signal is normally in the high impedance state. 


R68465 


Тһе output characteristics of DTACK are the same as other 
System interface signals with allowances for an external pull- 
up resistor such that the output is driven to the high level first 
and then to the high impedance state. 


DIRECT MEMORY ACCESS CONTROLLER 
(DMAC) INTERFACE 


DACK—DMA Acknowledge. The DMA transfer acknowledge 
signal is a TTL compatible input generated by the DMA controller 
(DMAC) controlling the DDFDC. The DMA cycle is active when 
DACK is low and the DDFDC is performing a DMA transfer. 


REQ—Data DMA Request. The transfer request signal is a TTL 
compatible output generated by the DDFDC to request a data 
transfer operation under control of the DMAC (in the DMA mode). 
Тһе request is active when REQ = low. The signal is reset 
inactive when DMA Acknowledge (DACK) is asserted (low). 


DONE—DMA Transfer Complete. This input signal is issued to 


the DDFDC when the DMA transfer for a channel is complete. 
The signal is active low concurrent with the DACK input when 
the DMA operation is complete as a result of that transfer. 


FDD SERIAL DATA INTERFACE 


RDD—Read Data. Read Data input from the floppy disk drive 


(FDD) containing clock and data bits. 


RDW—Read Data Window. Data Window input generated by 
the Phase Locked Loop (PLL) and used to sample data from 
the FDD. | 


VCO—Variable Frequency Oscillator Sync. This output signal 
inhibits the VCO in the PLL circuit when low and enables the 
VCO in the PLL circuit when high. This inhibits RDD and RDW 
from being generated until valid data is detected from the FDD. 


WCK—Write Clock. This input clock determines the Write Data 
rate to the FDD. The data rate is 500 KHz in the FM mode 
(МЕМ = low) and 1 MHz in the MFM mode (MFM = high). The 
pulse width is 250 ns (typical) in both modes. 


WDA—Write Data. Serial write data output to the FDD contain- 
ing both clock and data bits. | 


WE—Write Enable. This output signal enables the Write Data 
into the FDD when high. | | г 


PS0-PS1—Preshift. These outputs are encoded to convey write 


compensation status during the MFM mode to determine early, 


late or normal times as follows: 


Write Precompensation Status 


Normal | 
Late 
Early 
Invalid 


Preshift Outputs 
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FDD STATUS INTERFACE 


RDY—Ready. An active high input signal indicates the РОО is 
ready to send data to, or receive data from, the DDFDC. 


IDX—Index. An active high input signal from the FDD indicates 
the index hole is under the index sensor. Index is used to syn- 
chronize DDFDC timing. 


RW/SEEK—Read Write/Seek. Mode selection signal to the FDD 
which controls the multiplexer from the multiplexed signals. 
When RW/SEEK is low, the Read/Write mode is commanded; 
when RW/SEEK is high, the Seek mode is commanded. 


RW/SEEK | | Mode | Active FDD Interface Signals 
Ош» [кеме [зенит |. 


WP/TS—Write Protect/Two Side. An active high multiplexed 
input signal from the FDD. In the Read/Write mode, WP/TS high 
indicates the media is write-protected. In the Seek mode, WP/TS 
high indicates the media is two-sided. 


FLT/TRKO—Fault/Track Zero. An active high multiplexed input 
from the FDD. In the Read/Write mode (RW/SEEK = low), 
FLT/TRKO high indicates an РОО fault. In the Seek mode, 


_FLT/TRKO high indicates that the read/write head is positioned 


over track zero. | 


мес. 
RW/SEEK 
LCT/DIR 
FR/STP 
HDL 
RDY 
WP/TS 
FLT/TRKO 
PSO 

PS1 

WDA 

USO 

US1 
HDSEL 
МЕМ 

МЕ 

усо 

RDD 
RDW 
WCK 
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LCT/DIR—Low Current/Direction. А multiplexed output to the 
FDD. In the Read/Write mode, LCT/DIR is low when the 
read/write head is to be positioned over the inner tracks and the 
LCT/DIR is high when the head is to be positioned over the outer 
tracks. In the Seek mode, LCT/DIR controls the head direction. 
When LCT/DIR is high, the head steps to the outside of the disk; 
when LCT/DIR is low, the head steps to the inside of the disk. 


FR/STP—Fault Reset/Step. A multiplexed output to the РОО. 
In the Read/Write mode, FR/STP high resets the fault indicator 
in the FDD. An FR pulse is issued at the beginning of each read 
or write command prior to issuing HDL. In the Seek mode, 
FR/STP provides the step pulses to move the read/write head 
to another track in the direction indicated by the LCT/DIR signal. 


HDL —Head Load. An active high output to notify the FDD that 
the read/write head should be loaded (placed in contact with 
the media). A low level indicates the head should be unloaded. 


HD—Head Select. An output to the РОО to select the proper 
read/write head. Head One is selected when HD = high and 
Head Zero is selected when HD = low. 


мо ^ 


© са 
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DMA 
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US0-US1—Unit Select. Output signals for floppy disk drive 


Floppy Disk 
Drive Select. 


selection as follows: 


МЕМ—МЕМ Mode. Output signal to the FDD to indicate MFM 
or FM mode. Selects the MFM mode when MFM high and 
the FM mode when MFM = low. 

VCC—Power. + 5У dc. 


GND—Ground (\..). 


SERIAL RDW 
READ RDD 
CONTROL vco 


WCK 
SERIAL WDA 

WE 

PSO, PS1 


RDY — 
IDX 
WP/TS 
FLT/TRKO 


CONTROL 


LCT/DIR 

FR/STP 

RW/SEEK 
нр 

HDSEL 

USO _ 

US1 

MFM 


Figure 2. DDFDC Block Diagram 
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. DDFDC REGISTERS 


Ty The DDFDC contains six registers which may be accessed by 


. the processor ог DMA controller via the system (i.e., micro- 


|. processor) bus: a Main Status Register, a Data Register, and 


_ four Result Status Registers. The 8-bit Main Status Register 
(MSR) contains the status information of the DDFDC, and may 
be accessed at any time. The 8-bit Data Register, consisting of 
several registers in a stack with only one register presented to 
the data bus at a time, stores data, commands, parameters and 
FDD status information. Bytes of data are read out of, or written 
into, the Data Register in order to initiate a command or to obtain 
the results of a command execution; 


The EY Main Status Register facilitates the transfer of data 
between the system and the DDFDC. The other Status Registers 
(STO, ST1, 572 and ST3) are only available during the result 
phase, and may be read only after completing a command. The 
particular command which has been executed determines how 
many of the Status Registers will be read. 


The relationship between the status/data registers and the R/W 
and RS signals is shown below. 


Function 


Read Main Status Register 
Illegal — 

Read from Data Register 
Write into Data Register 


Table 1 shows each of the status registers used by the DDFDC 
and each bit assignment within the individual registers. Table 2 
defines the symbols used throughout the command definitions. 
Each register bit symbol is defined i in the register definition that 
follows Table 2. | 


REGISTER DEFINITIONS 


Main Status Register (MSR) | 
те | 4 2ч). 
[Rom | wo | хм | св | сав | рәв | ов | осв 
Тһе Main Status Register (MSR) contains the status informa- 
tion of the DDFDC, and must be read by the processor before 
each byte is written to, or read from, the Data Register during 
the command or result phase. MSR reads are not required dur- 
ing the execution phase. The Data Input/Output (DIO) and 
Request for Master (RQM) bits in the MSR indicate when data 
is ready and in which direction data will be transferred on the 
data bus. The maximum time between the last R/W during 
command or result phases and the DIO and RQM getting set 
or reset is 12 дз. For this reason, every time the MSR is read 
the processor should wait 12 из. The maximum time from the 


end of the last read in the result phase to when bit 4 (DDFDC 
Busy) goes low is also 12 ys. 


MSR 
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The DIO and RQM timing chart is shown in Figure 3. 


7 НОМ -—Request for Master. 
0 Data Register is not ready. 
1 Data Register is ready. 
MSR 
6 DIO —Data Input/Output. 
0 Data transfer is from system to the Data Register. 
1 Data transfer is from Data Register to the system. 
gs ЕМ. --Ехесшіоп Моде. (Моп-ОМА тоде оппу). 
0 Execution phase ended, result pose У 
1 Execution phases started. 
Е СВ --Сопігоһег (DDFDC) Busy. 
0 DDFDC is not busy, will accept a command. 
1 . DDFDC is busy, will not accept a command. 
SR й E 
3 D3B --Ғіорру Disk Drive (FDD) 3 Busy. 
0 FDD 3 is not busy, DDFDC will accept read or write 
command. | 
1 РОО 3 іѕ Бизу, DDFDC will not accept read or write 
command. 
MSR 
2 D2B  —FDD 2 Busy. | у“ 
0 FDD2is not busy, DDFDC will accept read or write 
command. 
1 FDD 2 is busy, DDFDC will not accept read or write 
command. 
MSR 
1 018  —FDD 1 Busy. 
0 FDD 1 is not busy, DDFDC will accept read or write 
command. 
1 FDD 1 is busy, DDFDC will not accept read or write 
command. 
MSR 
0 DOB  —FDD 0 Busy. 
0 FDD 0 is not busy, DDFDC will ЕТТЕ read or write 
command. 
1 FDD 0 is busy, DDFDC will not accept read or write 
command. 


Status Register 0 (STO) 


The Status Register 0 (STO) as well as the other status registers 
(ST1-ST3), are available only during the result phase, and may 
be read only after completing a command. The particular сот- 
mand executed determines which status registers are used and 
may be read. 


268465 PIECE . Double-Density Floppy Disk Controller (DDFDC) 


Table 1. DDFDC Status Register Bit Assignments 


Bit Number 


Main Status Register (MSR) 
Status Register O (STO) 


Status Register 1 (ST1) 
Status Register 2 (ST2) 
Status Register 3 (ST3) 


| Table 2. Command Symbol Description 
| Symbol | Name — — ES E Description 
р __| Data .  . | The data pattern which is going to be written into a sector. 


00-07 8-bit data bus, where DO is the least significant data line and 07 is the most significant data line. 


Data Length When N is defined as 00, DTL is the number of data bytes to read from or write into the sector. 


End of Track The final sector number on a track. During read or write operation, the DDFDC stops data transfer 
after reading from or writing to the sector equal to EOT. | | 


Сар Length The length of Gap 3. During read/write commands this value determines the number of bytes that the 
VCO will stay low after two CRC bytes. During the Format a Track command it determines the size of 


Gap 3. | 


Head Address — - ead number 0 or 1, as specified in ID field. 


HD (H) А selected head number 0 or 1 which controls the polarity of pin 27. (H = HD in all command words). 


DTL 
EOT 
GPL 
Head Load Time | The head load time in the FDD (2 to 254 ms in 2 ms increments). | 
Head Unload Time The head unload time after a read or write operation has occurred (16 to 240 ms in 16 ms increments). | 


FM or MFM Mode When МЕ = 0, FM mode is selected; and when MF = 1, MFM mode is selected. — - А 


Multi-Track When МТ = 1, a multi-track operation is to be performed. After finishing a read/write operation on side 
0, the DDFDC will automatically start searching for sector 1 on side 1. pur m. = 


Bytes/Sector The number of data bytes written in a sector. | | а, 


Моп-ОМА Моде When МО = 1, operation is іп the Моп-ОМА mode; when МО = 0, operation is in the ОМА mode. 


The stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate applies to all drives 
(Е = 1 ms, Е = 2 тв, etc.) | 
Status 0 Four registers which store the status information after а command has been ехесшед. This information 
Status 1 | is available during the result phase after command execution. These registers should not be confused 
ST2 Status 2 with the Main Status Register (selected by RS = low). STO-ST3 may be read only after a command has 
ST3 Status 3 been executed and contain information relevant to that particular command. uo 


STP During a Scan command, if STP = 01, the data in contiguous sectors is compared byte by byte with data 
с | sent from the processor (ог DMA controller); and if STP = 02, then alternate sectors are read and 


compared. 
The current/selected track number of the medium (0-255). | 
USO,US1 | Unit Select A selected drive number (0-3). 
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ІС —Interrupt Code. 
Normal Termination (NT). Command was. properly exe- 
cuted and completed.  . 
Abnormal Termination (AT). Command execution was 
started, but was not successfully completed. 
Invalid Command (IC). Received command was invalid. 
Abnormal Termination (AT). The Ready (RDY) signal 
from the FDD changed state она соттапа 
execution. | 


оо o 


STO | | 
5 SE —Seek End. 
0 _ Seek command is not completed. 
1 Seek command completed by DDFDC. _ 


STO 

4 EC —Equipment Check. 

0 No error. ho, 

1 Either. a fault signal is received from the FDD ‹ or the 
track 0 signal failed to occur after 256 step pulses 
(Recalibrate Command). 

STO . TE 
з NR —Not Ready. 


· 0 FDD is ready: 


t FDDis not ready at issue of read or write command. т 
a read or write command is issued to side 1ofa single- E 


| 51966 drive, me bit 15 also d 
STO 
2 HD . —Head Address. (At нөн). 


O Head Select 0. 
1 | Head Select 1. 


S | 

10 US ` — Unit Select. (At Interrupt). 
00 FDD 0 selected. . 

01 200 1 зејестед. 

1 0 FDD 2 selected. 

11 


_ РОО 3 selected. 


Status Register 1 (571) 


7 ЕМ —Епа of Track. 
0 — Noerror _ 


1 DDFDC attempted to access a sector r beyond the last 


sector of a track. 


ST1 
6 —Not Used. Always Zero. 
ST1 
5 DE —Data Error. 
0 Мо error. 
1 - DDFDC detected а CRC error in ID field or the Data field. 


Double-Density Floppy Disk Controller (DDFDC) 


ST1. 
4 OR --Оуег Run. 
0 | No error. | 
1 DDFDC was not serviced by the system during data 
` transfers, within a predetermined time interval. 


© вт 
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571 

do 2 —Not Used. Always Zero. 

Ti 

2 ND —No Data. 

0 No error. 

1 3 possible errors. 

1. DDFDC cannot find sector specified i in ID Register 

.. during execution of Read Data, Write Deleted Data 

‚ or Scan commands. i Son 

2. DDFDC cannot read ID field without an error during 
Read ID command. | 

3. DDFDC cannot find starting sector during execution 
ef Read a Track command. · | 

ST1 LE 

1 NW —Not Writable. 

0 X No error. 

1 X DDFDC detected a write protect signal from FDD dur- 
ing execution of Write Data, Write Deleted Data or 
Format a Track commands. | 

0. МА —Missing А Address Mark. 

0 Мо еггог. | 

1 2 possible errors. 


1. DDFDC cannot detect the ID Address Mark after 
encountering the index hole twice. 


2. DDFDC cannot detect the Data Address Mark or 
Deleted Data Address Mark. The MD (Missing 

Address Mark in Data field) of Status Register 2 is also 

set. | | m | 


Status Register 2 (ST2) 


T | | | 
7 — == Мог Used. Always Zero. 
: | ! 


6 —Control Mark. 

0 No error. 

1 DDFDC encountered a sector which contained a Deleted 
Data Address Mark during execution of a Read Data, 
Read a Track, or Scan command, or the DDFDC encoun- 
tered a sector which contained a Data Address Mark dur- 
ing execution of a Read Deleted Data command. 
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512 
5 DD 
0 No error... > 
1 DDFDC detected a. CRC error in the Data field. 


—Data Error in Data Field. 


ST2 | | 

4 МТ . —Wrong Track. 

0 No error. 

1 Contents of T on the disk is different from that stored 

in IDR. Bit is related to ND (Bit 2) of Status Register 1. 

ST2 | 

3 SH —Scan Equal Hit. 

0 No. equal" condition during a scan command. 

1 “Едма!” condition satisfied during a scan command. 
ST2 


—Scan Not Satisfied. 

0 | Noerror. 

1 DDFDC cannot find a sector on the track which meets 
the scan command condition. 


Q1 BT —Bad Track. 
0 No error. 
1 Contents of T on the disk is different from that stored 
in the IDR and T = FF. Bit is related to ND (Bit 2) of 
Status пан 1. NN | 


0 MD —Missing Address Mark in Data Field. 

0 No error. 

1 DDFDC cannot find a Data Address Mark or: Deleted 
Data Address Mark during a data read from the disk. 


Status Register 3 (ST3) | | 
о. 
З И ЗЕ ЖЕТИ 


- Status Register 3 (ST3) holds the results of the Sense Drive 
_ Status command. 


573 , 

7 АТ  —Fault. 
0 Fault (FLT) signal from the FDD is юм. = 
1 Fault (FLT) signal from the РОО is high. 


ST3 | 
6 WP —Write Protect. 
0 Write Protect (WP) signal from the FDD is low. 


1 Write Protect (WP) signal from the FDD is high. 


ST3 T 
5 НОУ  —Ready. 

20 Ready (АБУ) signal from the FDD is low. 
1 Ready (RDY) signal from the FDD is high. 
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573 
4 ТАКО --Тгаск 0. | 
0 Track 0 (ТАКО) signal from the FDD is low. | 
1 .. Track O (ТАКО) signal is from the FDD is high. 


573 
3 TS —Two Side. 
0 Two Side (TS) signal from the FDD is low. 
1 Two Side (T З) signal from the РОБ is high. 


I 
2 HD —Head Select. ? 
0 Head Select (HD) signal to the FDD is low. 
1 Head Select (HD) signal to the FDD is high. 
573 


1 051 —Џпн Select 1. | 
0 «Unit Select 1 (951) signal to the FDD is low. 
1 Unit Select 1 (051) signal to the РОО is high. 


Unit Select 0 (USO) signal to the FDD is low. 


T ; | | 

0 USO  -—Unit Select 0. 

0 

1 Unit Select O US) pignal to the FDD is high. 


COMMAND SEQUENCE 


The DDFDC i is capable of performing 15 different commands. 
Each command is initiated by a multi-byte transfer of data from 
the system. After command execution, the result of the com- 


_ mand тау be a multi-byte transfer of data back to the system. 
_ Because of this multi-byte transfer of information between the 


DDFDC and the system, each command consists of three 
phases: 


Command Phase—The DDFDC receives all ‘infotmation 


‘required to perform а particular Operation from the system. 


Execution Phase—The DDFDC performs. the instructed 


operation. 


Result Phase—After completion of the operation, status and 
other housekeeping information are made available to the 
system. 


The bytes of data sent to the DDFDC to form a command, and 


read out of the DDFDC in the result phase, must occur т the 
order shown for each command sequence. That is, the command 
Code byte must be sent first followed by the other bytes in the 
specified sequence. All command bytes must be written and all 
result bytes must be read in each phase. After the last byte of _ 
data in the command phase is received by the DDFDC, the 
execution phase starts. Similarly, when the last byte of data is 


‚ read out in the Result Phase, the command is ended and the 


ООРОС is ready to accept a new command. A command сап 
be terminated by asserting the DONE signal to the DDFDC. This 
ensures that the processor can always get the DDFDC's atten- 
tion even if the command in process hangs up in an abnormal 
manner. 


27 Acommand set of nine bytes places the DDFDC into the Read 
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COMMAND DESCRIPTION | When N = 0 in command byte 6 (FM mode), the Data Length 
| | с (DTL) in command byte 9 defines the data length that the DDFDC 
.. READ DATA EE оте № 5, . must treat as a sector. If DTL is smaller than the actual data 


‘length in.a sector, the data beyond the DTL is not sent to the 
data bus. The DDFDC reads (internally) the complete sector, 
performs the CRC check, and depending upon the manner of 
command termination, may perform a multi-sector Read opera- 
tion. When N is non-zero (MFM 098); е has no meaning 
and should Бе set to FF. 


. Data mode. After the Read Data command has been received 
the DDFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the Specify command), then 
begins reading ID Address Marks and ID fields from the disk. 
When the current sector number (R) stored in the ID Register 
(IDR) matches the sector number read from the disk, the DDFDC 


transfers data from the disk Data field to the data bus. At the.completion of the Read Data command, the head is not 


unloaded until the Head Unload Time (HUT) interval defined in 
| | QS шы, the Specify command has elapsed. The head settling time may 
After completion of the read operation from the current sector, г be avoided between subsequent reads if the processor issues 


the DDFDC increments the Sector Number (R) by one, and the A. another command before the head unloads. This time savings 
data from the next sector is read апа output to the data bus. is considerable when disk contents are copied from one drive 
This continuous read function is called a ‘‘Multi-Sector Read to another. | 
Operation." The Read Command terminates after reading the | EE 

. last data byte from sector R when А = EOT. STO bits 7 and If the DDFDC detects the Index Hole twice in succession without 
6 are set to O and 1, respectively, and ST1 bit 7 (EN) is setto a 1. finding the right sector (indicated in R), then the DDFDC sets 


the No Data (ND) flag in Status Register 1 (ST1) to a 1, sets 
Status Register 0 (STO) bits 7 and 6 to 0 and 1, а. 


The Read Data command can also be terminated ру a low DONE and: terminates the Bead. D ata соттал а. 


signal. DONE should be issued at the same time that the DACK 


for the last byte of data is sent. Upon receipt of TC, the DDFDC After reading the ID and Data fields in each sector, the DDFDC 


stops outputting data to the data bus, but continues to read data  - ch ecks the CRC bytes. If 
a read error is detected incorrect CRC 
` from the current sector, checks CRC. (Cyclic Redundancy Count) _ in ID field), the сива sets the Data Error ade flag. in ST1 to 


bytes, and then at the end of that sector terminates the Read 
| a 1, sets the Data Error in Data Field (DD) flag in ST2 to a 1. 
Data command and sets bits 7 апа 6 in STO to 0. The amount if a CRC error occurs in the Data field, sets bits 7 and 6 in STO 


of data which can be handled with a single command to the | dos NEAN | 
DDFDC depends upon MT (Multi-Track), MF (MFM ЈЕМ), andN to 0 ang 1, respectively, and terminates the command. 


(Number of Bytés/ Зоо values. Table 3 shows the transfer ^ пре DDFDC reads a Deleted Data Address Mark from the disk, 


capacity. and the Skip Deleted Data Address Mark bit in the first сот-. 

mand byte is not set (SK = 0), then the DDFDC reads all the 
The multi-track function (MT) allows the DDFDC to. read data data in the sector, sets the Control Mark (CM) flag in ST2 to a 
from both sides of the disk. For a particular track, data is trans- 1, and terminates the command. If SK = 1, the DDFDC skips 
ferred starting at sector 1, side 0 and completed at sector L, side _ the sector with the Deleted Data Address Mark and reads the 
1 (sector L = last sector on the side). This function pertains to next sector. The CRC bits in the deleted data field are not 
only one track (the same на) оп еасһ side of the disk. »' A checked when Es = 1. 


Table 3. DDFDC Transfer Capacity - бес Т 
Maximum Transfer Capacity E Final Sector Read 
(Bytes/Sector) (Number of Sectors) from Disk Це 
| (128) (26) = 3,328 0 26 at Side 0 
6,656 | or 26 at Side 1 


(256) (26) 


(128) (52) = 6,656 "mcd 
(256) (52) = 13,312 А 


(256) (15) = 3,840 15 at Side о. 
(512) (15) = 7,680 " or 15 at Side 1 


| 201 | | (256) (30) 7,680 | TU T. | | 
(512) (30) = 15,360 а ра DRM 
| 02 (512) (8) = 4,096 _ Ва Side 0 | 
03... | (1024) (8) = 8,192 or 8 at Side 1 
| 02 | (512) (16) = 8,192 | Ў | | 
16,384 


Bytes/Sector 


(1024) (16) 
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During disk data transfers from the DDFDC to the:system, the 
DDFDC must be serviced by the system within 27 us in the FM 
mode, and within 13 ys in the МЕМ mode, otherwise the DDFDC 


sets the Over Run (OR) flag in 571 to a 1, sets bits 7 and біп. 


STO to 0 and 1, respectively, and terminates the command. 


If the processor terminates a read (or write) operation in the 
DDFDC, then the ID information in the result phase is dependent 
‘upon the state of the MT bit in the first command byte and the 
End of Track (EOT) byte. Table 4 shows the values for Track 
Number (T), Head Number (H), Sector Number (R), and Number 


of Data Bytes/Sector (М), when the processor terminates the 


command. . 


Command Phase: 


Ls [x [x [x но Гови | ово“ 


| 3 | тажћ 

МЕЙ 

ME 

| 6 | Number of Data Bytes perSector(N) —- 
EOM 
EN 


Data Length (DTL) 


_ Result Phase: E 


Final Sector Transferred 
to/from Data Bus 


[ ww Ти |? Ге [в Таз Т.о] 
ow |_- |мтме|јојој 1 | 1 то | 


"Сар Length (GPL) | 


1. МС (No Change): The same value as the one at the beginning of command execution. 
. 2. LSB (Least Significant Bit): The least significant bit of H is complemented. NA 


WRITE DATA 


A command set of nine bytes places the DDFDC in the Write 
Data mode. After the Write Data command has been received 
the DDFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the ЗресНу command), then 
begins reading ID fields from the disk. When the four bytes (T, 
H, А, № loaded during the command match the four bytes of 
the ID field from the disk, the DDFDC transfers data from the 
data bus to the disk Data field. 


After writing data into the current sector, the DDFDC increments 
the sector number (R) by one, and writes into the Data field in 
the next sector. The DDFDC continues this multi-sector write 


operation until the last byte is written to sector R when R = EOT. 
| STO bits 7 and 6 аге set to 0 and 1, respectively, and 571 bit 


7 (EN) is set to a 1. | 


| The command can also be terminated by a low on DONE. If 


DONE is sent to the DDFDC while writing into the current sec- 
tor, then the remainder of the Data field is filled with 00 (zeros). 
In this case, STO bits 7 and 6 are set to 0 and the command 
is terminated. IT | те | 


Тһе DDFDC reads the ID field of each sector and checks the 

CRC bytes. If the DDFDC detects a read error (incorrect CRC) 

in one of the ID fields, it terminates the Write Data command, 

sets the DE flag in 571 to a 1, and sets bits 7 and 6 іп STO to 
0 and 1, respectively. | n adem 


The Write Data command operates in much the same manner 
as the Read Data command. Refer to the Read Data command. 
for the handling of the following items: 


* Transfer Capacity 

• End of Track (EN) flag 

е No Data (ND) flag. 

е Head Unload Time (HUT) interval | 
• ID information when the processor terminates command 


(see Table 4) 


• Definition of Data Length (DTL) when N = 0 and when М + 0 


No. of 
Data Bytes 


Sector 
Number 


868465 _ 


іп the Write Data mode, data transfers from the data bus to the 
DDFDC must occur within 27 us in the FM mode, and within 
.. 18s in the MFM mode. If the time interval between data 

. transfers is longer than this, then the DDFDC terminates the 
Write Data command, sets the Over Run (OR) flag in ST1 to a 
1, and sets bits 7 and 6 in STO to 0 and 1, respectively. — 


Command Phase: _ 


Result Phase: 
1 


Status Register 0 (STO) 


as 
= 
e resa numer 1 
[s [sector Number) 
Ст [Number ot Data Byes por Socor y | 


Status Register 1 (ST). | 


7 


WRITE DELETED DATA 


The Write Deleted Data command is the same as the Write Data 
command except a Deleted Data Address Mark is written at the 
beginning of the Data field instead of the normal Data Address 
Mark. B 


Command Phase: 


HEERKE 
fe fe f+ 
x | но | us: | uso- 


Gap Length (GPL) 
Data Length (DTL) | 
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Result Phase: 


Status Register 0 (STO) 


АЧИ pem C 
ШЕШЕСТІГ "ТЕС. — 
ШЕШ |на анн 
Се [еее е 


ВЕАО ОЕГЕТЕО ОАТА 


The Read Deleted Data command is the same аз the Read Data 
command except that if SK = 0 when the DDFDC detects a Data 
Address Mark at the beginning of a Data field, it reads all the 
data in the sector and sets the CM flag in ST2 to a 1, and then 
terminates the command. If SK = 1, then the DDFDC skips the 
sector with the Data Address Mark and reads the next sector. 


Command Phase: 


“ам [ene [7 [s [s аа 
мт | ме [ко 
P [x Dx | [o Гови [ uso- 


Track Number (T) 


Hw 
ЕГІ 

Бене 
[5 T Sector Number о 
[| Number of Data виев per Socor y 
Ст мото? БЕНЕН 
e Tamia БЕНЕН 
[s [bata venom om — 


1 
7 


Result Phase: 


ENETI INN 
ENEETI CIN M 
ENETL CH NEN 
[4 [TexwmQ —— 
Се неми 
EE 


Sector Number (R) | 


Number of Data Bytes per Sector (N) 


READ A TRACK 


The Read a Track command is similar to the Read Data com- 
mand except that this is a continuous read operation where all 
Data fields from each of the sectors on a track are read and 
transferred to the data bus. Immediately after encountering the 
Index Hole, the DDFDC starts reading the Data fields as con- 
tinuous blocks of data. This command terminates when the 
number of sectors read is equal to EOT. Multi-track operations 
are not allowed with this command. 


Double-Density Floppy Disk Controller (DDFDC) 
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If the DDFDC finds an error in the ID or Data CRC check bytes, 


it continues to read data from the track. The DDFDC compares 


the ID information read from each sector with the value stored 


in the IDR, and sets the ND flag in ST1 toa 1 if there is no match. 


If the DDFDC does not find an ID Address Mark on the disk after 
it encounters the Index Hole for the second time it terminates 
the command, sets the Missing Address Mark (MA) flag in ST1 
to a 1, and sets bits 7 and 6 of STO to O and 1, respectively. 


Gap Length (GPL) | 
Data Length (DTL) | 


Result Phase: 


Status Register 0 (STO) 


Status Register 1 (ST1) | 


1 
4 
7 


READ ID 


The two-byte Read ID command returns the present position of 
the read/write head. The DDFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to 0 and ter- 
minates the command. | 


If no proper ID Address Mark is found on the disk before the 
Index Hole is encountered for the second time-then the Missing 
Address Mark (MA) flag in ST1 is set to a 1, and if no data is 
found then the ND flag to a 1 is also set in ST1. Bits 7 and 6 
in STO are set to O and 1, respectively and the command is 
terminated. | | 


During this command there is no data transfer between DDFDC 
and the data bus except during the result phase. 


Number of Data Bytes per Sector (N) | 
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Sector Number (R) · 


Number of Data Bytes per Sector (М) | 


FORMAT A TRACK 


The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded in 
either the double-density IBM System 34 format (MF = 1) ог 
the single-density IBM 3740 format (MF = 0). The particular for- 


mat written is also controlled by the values of Number of 


Bytes/Sector (N), Sectors/Track (ST), Gap Length (GPL) and 
Data Pattern (D) which are supplied by the processor during the 
command phase. The Data field is filled with the data pattern 
stored in D. | | 


The ID field for each sector is supplied by the processor in 


response to four data requests per sector issued by the DDFDC. 


The type of data request depends upon the Non-DMA flag (ND) 
in the Specify command. In the ОМА mode (ND = 0), the 


_ DDFDC asserts the ОМА Request (ОВО) output four times per 


sector. In the Non-DMA mode (ND = 1), the DDFDC asserts 
Interrupt Request (IRQ) output four times per sector. 


The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number 
(T), Head Number (H), Sector Number (R) and Number of Bytes/ 
Sector (N). This allows the disk to be formatted with non- 
sequential sector numbers, if desired. 


The processor must send new values for T, H, R, and N to the 
DDFDC for each sector on the track. For sequential formatting 
R is incremented by one after each sector is formatted, thus, 
R contains the total numbers of sectors formatted when it is read 
during the result phase. This incrementing and formatting con- 
tinues for the whole track until the DDFDC, upon encountering 
the Index Hole for the second time, terminates the command. 
and sets bits 7 and іп STO toO. | 


If the Fault (FLT) signal is high from the FDD at the end of a 
write operation, the DDFDC sets the Equipment Check (EC) flag 
in STO to a 1, sets bits 7 and 6 of STO 10 0 and 1, respectively, 
and terminates the command. Also, a low (RDY) signal at the 
beginning of a command execution phase causes bits 7 and 6 
of STO to be set to 0 and 1, respectively. 


Table 5 shows the relationship between N, ST, and GPL for 
various disk and sector sizes. | 
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Table 5.. Standard Floppy Disk Sector Size ор 


No. of Data 
Bytes/Sector 
(№) 


Sector Size 
Bytes/Sector 


b g" 


5Va " 


Notes: 


2. Suggested values of GPL in Format a Track command. 


4. Values of ST and GPL are in hexadecimal. 


Command Phase: 


Sectors per Track 6n 
Gap Length (GPL) 
Data Pattern (D) | 


Result Phase: 


Status Register 0 (STO) | | . | 


E 

СЕ 

ШЕШЕСТІСІСІІС: — 5 
| 4 TekNumer( 0-02 
NN 
ЖЫЛЫ 
Ж 


Head Number (H)* _. | 
Sector Number (R)* | 


* The ID information has по meaning in this command. 


No.of — 
Sectors/Tracks 


1. Suggested values of GPL in Read or Write commands to. avoid overlapping between Data field and ID field of contiguous sections. 


3. In MFM mode the DDFDC cannot perform a read/write/format operation with 128 bytes/sector (М = 00). 


Status di aa 1 (ST1) DS | 


Number of Data Bytes per Sector dy | 


Gap Length (GPL)4 | 


Read/Write Format S 
Command! Command? Remarks 


IBM Disk 1 
IBM Disk 2 


IBM Disk 2D 


IBM Disk 20. 


SCAN COMMANDS 


The scan commands compare data read from the disk to data 
supplied from the data bus. The DDFDC compares the data, and 
looks for a sector of data which meets the conditions of 
Drop = Deus: Drpp = Deus. or Depp = Овџѕ (D = Ше data 
pattern in hexadecimal). A magnitude comparison is performed 
(FF = largest number, 00 = smallest number). The hex- 
adecimal byte of FF either from the bus or from FDD can be 
used as a mask byte because it always meets the condition of 
the compare. After a whole sector of data is compared, if the 
conditions are not met, the sector number is incremented 
(А + STP — В), and the scan operation is continued. The scan 
operation continues until one of the following events occur: the 
conditions for scan are met (equal, low or equal, or high or equal), 
the last sector on the track is reached (EOT), or DONE is 
received. · 


à Af conditions for scan are met, the DDFDC sets the Scan Hit (SH) 
flag in 572 to a 1, and terminates the command. If the condi- 


tions for scan are not met between the starting sector (as 


specified by R) and the last sector on the track (EOT), then the 
DDFDC sets the Scan Not Satisfied (SN) flag in ST2 to a 1, and 


terminates the command. The receipt of DONE from the proces- 
sor or DMA controller. during the scan operation will cause the 
DDFDC to complete the comparison of the particular byte which 
is in process, and then to terminate the command. Table 6 shows 
the status of bits SH and SN under various conditions of scan. 
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| Scan Equal -. 


Scan Low or Equal 


‘Scan High or Equal 


If SK = 0 and the DDFDC encounters a Deleted Data Address 
Mark on one of the sectors, it regards that sector as the last sec- 
tor of the track, sets the Control Mark (CM) bit in ST2 to a 1 and 
terminates the command. If SK = 1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark, sets the CM flag to a 
1 in order to show that a Deleted Sector has been encountered, 
and reads the next sector. | 


When either the STP sectors are read (contiguous sectors = 01, 
"ог alternate sectors = 02) or MT (Multi-Track) is set, the last 
sector on the track must be read. For example, if STP = 02, 
MT = 0, the sectors are numbered sequentially 1 through 26, 
and the scan command starts reading at sector 21. Sectors 21, 
23, and 25 are read, then the next sector (26) is skipped and 
the Index Hole is encountered before the EOT value of 26 can 
be read. This results in an abnormal termination of the command. 
If the EOT had been set at 25 or the scanning started at sector 
20, then the scan command would be completed in a normal 
manner. | 


During a scan command data is supplied from the data bus for 
comparison against the data read from the disk. In order to avoid 
having the Over Run (OR) flag set in ST1, data must be available 
from the data bus іп less than 27 us (FM mode) ог 13 дѕ (МЕМ 
mode). If an OR occurs, the DDFDC terminates the command 
and sets bits 7 and 6 of STO to 0 and 1, respectively. | 


The following tables specify the command bytes and describe 
.the result bytes for the three scan commands. 


SCAN EQUAL 


Command Phase: 


Head Number (H) 
Sector Number (R) | 


Gap Length (GPL) | uem 
Sector Test Process (STP) | 


Number of Data Bytes per Sector (М) | | 


_ Table 6. Scan Status Codes 
Status Register 2 - 
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Result Phase: . : 
Status Register 0 (STO) 
Status Register 1 (ST1) 


BERE 
“_ аав 
Св нае numerio 


SCAN LOW OR EQUAL 1 


Command Phase: EE EN | 
| pw |BYrE|(7 | 6 | 5 |4|3/2 | 1 | 0 | 
мт ме |SK |1|1| о | о | 1 | 
[X |x | X [хх | но | US! | Uso | 

Track Number (T) | guid | | 
"Head Number (H) - 


Sector Number (R) E 
Number of Data Bytes per Sector (N) 


End of Track (EOT) 


Gap Length (GPL) 
· Sector Test Process (STP) 


Status Register 0 (STO) 
. Status Register. 1 (ST1). 


MON 
mu | 
o sats павета а | 
«| Trace Number) 
e | Head numren 
ШЕШЕСІ! 


Sector Number (В) 
Number of Data Bytes per Sector (N) 
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ЗСАМ HIGH OR EQUAL 


и Соттапа Рћазе: 


Се Гат ме ак 
[2 |х|х(|х|х 

[4 | Head Number 0 -- 
| 5 | SectorNumber(A) || 
ЕС 
Жай 
СЕ 
ES 


кани 
KORR 


= 


ЕЛЕН 
КЕЙ 
[x | x] но | 


Number of Data Bytes per Sector (N) 


End of Track (ЕОТ) 
"бар Length (GPL) . 
Sector Test Process (STP) | 


Result Phase: 


Status Register 0 (STO) | 
Status Register 1 (ST1) О 


Head Number (Н) ! 
Sector Number (Н) 


MN 
СН 
EEN 
EN 
ЕЕ 
|7 | Number of Data Bytes рег Sector (N) | | 


SEEK 


The three-byte Seek command steps the FDD read/write head 
from track to track. The DDFDC has two independent Present 
Track Registers for each drive. They are cleared only by the 
Recalibrate command. The DDFDC compares the Present Track 
Number (PTN) which is the current head position with the New 
Track Number (NTN), and if there is a difference, performs the 
following operation: 


If РТМ < МТМ: Sets the direction output (LCT/DIR) high 


and issues step pulses (FR/STP) to the 


FDD to cause the read/write head to step 
м. — | 


_ИРТМ > МТМ: Sets the direction output (LCT/DIR) low 


and issues step pulses to the FDD to 
cause the read/write head to step out. 


The rate at which step pulses are issued is controlled by the 
Step Rate Time (SRT) in the Specify command. After each step 
pulse is issued, NTN is compared against PTN. When 
NTN = PTN, then the Seek End (SE) flag in STO is set to a 1, 
bits 7 and 6 in STO are set to 0, and the command is terminated. 
At this point DDFDC asserts IRQ. 


The FDD Busy flag (bit 0-3) in the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set 
to a 1. | 


After command termination, all FDD Busy bits set are cleared 
by the Sense Interrupt Status command. 


` Status Register 2 (872) | | 


Double-Density Floppy Disk Controller (DDFDC) 


During the command phase of the Seek operation the DDFDC 
sets the Controller Busy (CB) flag in the MSR to 1; but during 


. "the execution phase the CB flag is set to 0 to indicate DDFDC 
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non-busy. While the DDFDC is in the non-busy state, another 
Seek command may be issued, and in this manner parallel seek 
operations may be performed on all drives at once. 


No command other than Seek will be accepted while the DDFDC 
is sending step pulses to any FDD. If a different command type 
is attempted, the DDFDC will set bits 7 and 6 in STO to a 1 and 
0, respectively, to indicate an invalid command. 


If the FDD is in a not ready state at the beginning of the com- 
mand execution phase or during the seek operation, then the 
DDFDC sets the Not Ready (NR) flag in STO to a 1, sets STO 
bits 7 and 6 to 0 and 1, respectively, and terminates the 
command. | | BEEN 


. Af the time to write the three bytes of the Seek command ex- 
ceeds 150 us, the time between the first two step pulses may 
be shorter than the Step Rate Time (SRT) defined by the и 
соттапа Бу аз тисћ ав 1 тв. 


Result Phase: None. 


RECALIBRATE . 


This two-byte command retracts the. РОО read/write head to the 
Track 0 position. The DDFDC clears the contents of the PTN 
counters, and checks the status of the Track 0 signal from the 
FDD. As long as the Track 0 signal (ТАКО) is low, the direction 
signal (LCT/DIR) output remains low and step pulses are issued 
on FR/STP. When ТАКО goes high the DDFDC sets the Seek - 
End (SE) flag in STO to a 1 and terminates the command. If the 
TRKO is still low after 256 step pulses have been issued, the 
DDFDC sets Seek Епа (SE) and Equipment Check (EC) flags 
in STO to 1s, sets bits 7 and 6 of STO to 0 and 1, respectively, 
and terminates the command. 


The ability to do overlap Recalibrate commands to multiple FDDs 
and the loss of the RDY signal, as described in the Seek com- 
mand, also applies to the Recalibrate command. 


Command Phase: 


Result Phase: None. 
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SENSE INTERRUPT STATUS TX SPECIFY | 
Interrupt request (IRQ) is asserted by the DDFDC when any of The three-byte Specify command sets the initial values for each. 
the following conditions occur: — | of the three internal timers. The Head Unload Time (НОТ) defines 
| the time from the end of the execution phase of one of the 

1. Upon entering the result phase of: read/write commands to the head unload state. This timer is 

a. Read Data command | programmable from 16 to 240 ms in increments of 16 ms 

b. Read a Track command | (1 = 16 ms, 2 = 32 ms,...F = 240 ms). 

c. Read ID command | | mE 

d. Read Deleted Data command | | The Step Rate Time (SRT) defines the time interval between 

e. Write Data command | | adjacent step pulses. This timer is programmable from 1 to 

f. Format a Track command i Е 16 ms in increments of 1 ms (Е = 1 ms, E = 2 ms, D = 3ms,... 

g. Write Deleted Data command | 0 = 16 тв). | 

h. Scan commands E 4 
а The Head Load Time (НЕТ) defines the time between the Head 
3. Seek or Recalibrate command termination | Load (HDL) signal going high and the start of the read/write 
4. During execution phase in the Non-DMA mode operation. This timer is programmable from 2 to 254 ms in 
ics T О increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 т5,... 
IRQ caused Бу reasons 1 and 4 above occur during normal ТЕ = 254 ms). КС * 


command operations and are easily discernible by the processor. 
During an execution phase in Non-DMA mode, bit 5 in the MSR 
is set to 1. Upon entering result phase this bit is set to O. 
Reasons 1 and 4 do not require the Sense Interrupt Status com- 
mand. The interrupt is cleared by reading or writing data to 
DDFDC. Interrupts caused by reasons 2 and 3 are identified with 
the aid of the Sense Interrupt Status command. This command 


The time intervals are a direct function of the clock (CLK on 
pin 19). Times indicated above are for an 8 MHz clock. If the 
clock is reduced to 4 MHz (mini-floppy application) then all time 
intervals are increased by a factor of two. 


resets IRQ and sets/resets bits 5, 6, and 7 of STO to identify the The choice of DMA or Non-DMA operation is made by the Non- 
cause of the interrupt. Table 7 definas the seek and interrupt DMA mode (ND) bit. When this bit = 1 the Non-DMA mode is 
codes. E selected, and when ND = 0 the ОМА mode is selected. 


Neither the Seek or Recalibrate command has a result phase. 
Therefore; it is mandatory to use the Sense Interrupt Status com- 
mand after these commands to effectively terminate them and 
to verify where the head is positioned by checking the Present 
Track Number (PTN). | | 


Command Phase: | 


[ww етет Геге аага 
w | 1 054 
нт — —w 


| | ЗАТ — Step Rate Time 
Command Phase: HUT — Head Unload Time 


ар Gem 


Issuing a Sense Interrupt Status command without an interrupt 
pending is treated as an invalid command. | 


Result Phase: None. 


Result Phase: | | | SENSE DRIVE STATUS 


Status Register 0 (STO) This two-byte command obtains and reports the status of the 
| 2005. Status Register З (573) is returned in the result phase 
EX Present Track Number (PTN) and contains the drive status. 


Table 7. STO Seek and Interrupt Code Definition for Sense Interrupt Status 


Status Register 0 (STO) Bits 


| Interrupt Code (ІС) | Seek End (SE) i 
Cause | | | 


ENS зл = 
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| Соттапа Рһаве: 


Result Phase: 


DEM M Status Register 3 (ST3) 


INVALID COMMAND 

If an invalid command (i.e., a command not previously defined) 
is received by the DDFDC, еп the DDFDC terminates the com- 
mand after setting bits 7 and 6 of STO to 1 and 0, respectively. 
The DDFDC does not generate an interrupt during this condi- 
tion. Bits 6 and 7 (DIO and RQM) in the MSR are both set to 
a 1 indicating to the processor that the DDFDC is in the result 
phase and that STO must be read. A hex 80 in STO indicates 
an invalid command was received. | pet 


A Sense interrdipt Status command must be sent after а Seek 
or Recalibrate interrupt, otherwise the DDFDC considers the next 
command to be an invalid command. | 


іп some applications the user may wish to use this command 
asa No-Op command, to place the DDFDC in a standby or no 
operation state. 


Command Phase: 


ШІЛІГІ ЗЕЛЕЗЕЛЕІПЕНЕНЕН 
[ow | 1 |тамсойе || 


1 Invalid Codes 


Result Phase: 


PROCESSOR INTERFACE 


During the command or result phases, the Main Status Register 
(MSR) must be read by the processor before each byte of infor- 


mation is transferred to, or from, the DDFDC Data Register. After 


each byte of data is written to, or read from, the Data Register, 
the processor should wait 12 „5 before reading the MSR. Bits 
6 and 7 in the MSR must be а 0 and 1, respectively, before each 
command byte can be written to the DDFDC. During the result 


Status Register 0 (STO) = 80 | | | 


Double-Density Floppy Disk Controller (DDFDC) 


Bytes must be read to successfully complete the Read Data com- 
mand. The DDFDC. will not accept a new command until ай 
seven bytes һауе been read. Other commands may require 
fewer bytes to be read during the result phase. 


INTERRUPT REQUEST MODE 


During the execution phase, the MSR need not be read. The 


· receipt of each data byte from the FDD is indicated by IRQ low 


on pin 18. When the DDFDC is in Non-DMA mode, IRQ is 
asserted during the execution phase. When the DDFDC is in 
the DMA mode, IRQ is asserted at the result phase. The IRQ 
signal is reset by a read (R/W high) or write (R/W low) of data 
to the DDFDC. A further explanation of the IRQ signal is 
described in the Sense Interrupt Status command on page 16. 
If the system cannot handle interrupts fast enough (within 13 us 
for МЕМ mode or 27 us for FM mode), it should poll bit 7 (ROM) 
in the МӘН. In this case, НОМ in the МӘН functions as an Inter- 
rupt Request (IRQ). If the RQM bit is not set, the Over Run (OR) 
flag in ST1 will be set to a 1 and bits 7 and 6 919 will be set 
to a 0 and 1, respectively. 


DMA MODE 


When the DDFDCi is in the DMA mode (ND - біп ће third c com- 
mand byte of the Specify command), DRQ (DMA. Request) is 
asserted during the execution phase (rather than IRQ) to request 
the transfer of a data byte between the data bus and the DDFDC. 


. . During a read command, the DDFDC asserts REQ as each byte 


phase, bits 6 and 7 of the MSR must both be 1s prior to reading 


each byte from the Data Register onto the data bus. Note that 
this status reading of bits 6 and 7 of the MSR before each byte 
transfer to and from the DDFDC is required in only the command 
and result phases and not during the execution phase. 


During the result phase all bytes shown in the result phase must 
be read by the processor. The Read Data command, for 
example, has seven bytes of data in the result phase. All seven 
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of data is available to be read. The DMA controller responds 
to this request with both DACK low (DMA Acknowledge) and RW 
high (read). When DACK goes low the DMA Request is reset 
(REQ high). After the execution phase has been completed 
DONE low or the EOT sector is read), IRQ is asserted to indicate 
the beginning of the result phase. When the first byte of data 
is read during the result phase, IRQ is reset high. 


During a write command, the DDFDC asserts REQ as each byte 
of data is required. The DMA controller responds to this request 
with DACK low (DMA Acknowledge) and R/W lo low (write). When 
DACK goes low the DMA Request is reset (REQ high). After the 
execution phase has been completed (DONE low or the EOT 
sector is written), IRQ is asserted. This signals the beginning of 
the result phase. When the first byte of data is read during the 
result phase, the IRQ is reset high. 


FDD POLLING 


After the Specify command has been received by the DDFDC, 
the Unit Select lines (USO and US1) begin the polling mode. 


. Between commands (and between step pulses in the Seek Com- 


mand) the DDFDC polls all the FDD's looking for a change in 
the RDY line from any of the drives. If the RDY line changes 
state (usually due to the door opening or closing) then the 


DDFDC asserts IRQ. When Status Register 0 (STO) is read (after 


Sense Interrupt Status command is issued), Not Ready (NR = 1) 
will be indicated. The polling of the RDY line by the DDFDC | 
occurs continuously between commands, thus notifying the proc- 
essor which drives are on- or off-line. Each drive is polled every 

1.024 ms except during read/write commands. | 


868465 Ё Double-Density Floppy Disk Controller (DDFDC) 


DATA IN/OUT FROM DDFDC TO DATA BUS 


(DIO) | 
(MSR ВП 6) FROM DATA BUS ТО DDFDC | 


REQUEST | 
= РОВ MASTER = | 

(вом) | ке | | | 

(MSR BIT 7) | [READY | Г | | | ШЕ 


| | 

CHIP SELECT (CS) | 
| | | | | | 

| | 


| 
READ/WRITE (R/W) Н ee ШЕ | 
LES um 3 
| | | | 
[А] В А [ВІА | С | 0 |с ОВА | 


[А | DATA REGISTER READY ТО ВЕ WRITTEN INTO [c] DATA REGISTER READY FOR NEXT DATA BYTE TO BE READ 
DATA REGISTER NOT READY TO BE WRITTEN INTO [0] DATA REGISTER NOT READY FOR NEXT DATA BYTE TO ВЕ READ 


NOTES 


Figure 3. DDFDC and System Data Transfer Timing 


1-75 


92-1 


968000 
MPU 


MEMORY 


. ! Signal not used in interface to 68008 MPU. 


? UDS changed to DS when interfaced to 68008 MPU. 


Figure 4. R68465 DDFDC Interface to R68000 


ADDRESS BUS 


68440 DMAC 


DACK 


DONE 


R68455 
DOFOC 


РОМ 


| — weg. peers 
конт 


Р50 
| Psi | pre-come 


WP/TS 


[4 — FLUTRKO | RKO 


FR/STP 


LCT/DIR 


—— READ DATA 


WRITE DATA 


WRITE PROTECT 
TWO-SIDE 


FAULT 

TRACK 0 
FAULT RESET 
STEP 

LOW CURRENT 
DIRECTION 


READY 

WRITE ENABLE 
INDEX | 

HEAD LOAD 
HEAD SELECT 


UNIT SELECT 0 
UNIT SELECT 1 


597894 


(дазаа) 19полио5 xsiq Аддоја Аџѕиәа-әјапоа 


268465 777171 Double-Density Floppy Disk Controller (DDFDC) 


DTACK 


DATA OUT 
(00-07) 


IRQ 


Figure 6. DDFDC Read Cycle Timing 


MENU aca 


DTACK s 
DATA IN | D 
(00-07) = И 


Figure 7. DDFDC Write Cycle Timing 


268465 ____________Роџћје-Репену Floppy Disk Controller (DDFDC) 


Figure 8. DMA Operation Timing 


WRITE CLOCK 4 (22) 


(WCK) бу "А 

5 - 28 
WRITE ENABLE | Zu. 
(WE) | | 


PRESHIFT 0 OR 1 
(PSO, PS1) 


WRITE DATA 
(WDA) 


READ DATA 
(RDD) 


READ DATA WINDOW 
(RDW) 


NOTE: | 
EITHER POLARITY DATA WINDOW IS VALID 


Figure 10. FDD Read Operation Timing 
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 R68465 FT PI XT | Double-Density Floppy Disk Controller (DDFDC) | 


950, US!  — |  . STABLE 


_ SEEK 
(RW/SEEK) 


DIRECTION 
оо (LCT/DIR) 


STEP 
(FR/STP) 


Figure 11. Seek Operation Timing 


FAULT RESET 
(FR) 


. Figure 13. Index Timing 


Figure 14. Terminal Count Timing | | Figure 15. Reset Timing | 


амрџтошт = TESTPONT | | TEST POINT 


2.4 У/ 2.4N 
0.65У 0.65У 


INPUTS ARE DRIVEN АТ 2.4V FOR А LOGIC “1” AND 0.45 V FOR CLOCKS ARE DRIVEN AT 3.0V FOR A LOGIC “1” AND 0.3V FOR A 
A LOGIC "0: TIMING MEASUREMENTS ARE MADE АТ 2.0V FOR LOGIC “0” TIMING MEASUREMENTS ARE MADE AT 2.4У FOR A 
A LOGIC “1” AND 0. is FOR A LOGIC "o? . LOGIC “1” AND 0.65V FOR А LOGIC “0: 


Figure 16. AC Timing Measurement Conditions 
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R68465 в vi _ Double-Density Floppy Disk Controller (DDFDC) 
AC CHARACTERISTICS 


Я | (Vcc = 5.0 Vdc + 5%, Vss = 0 Мас, ТА = 0°C to 70°C) 


RESET Low Width - | tRHAL 


Test 

|. cremeren | уч | at. sym.| ши. | пе | mex | Unt | condone 

i акы ty toe L ак вина. 

Г 2 [Clock High, Low Width ка | о [625 | — || ___- 
Гоз [Clock Rise Time 0 |он|%Ф | — | — | 2 jn) 
| 4 |Соскеапте  |оо|)фФ | — | — | 2 |"! 
7175 |08 High to RAW High Dm | ва | 4 | — | — | ne | 
| 6 | Address ValidtoCSLow  — в | ta | о | =- | — In) 
| 7 | CS High to Address Invalid — — [ык | мн | о | — | — |n] 
„ 8 С High Көш | № | 150 | |. |те| 

pe Баск аара вав ar Г ПЕ а | ош 
19 ло [CS High to Output HighZ — — — — sez | tor | 29 | - | — [т 
| 11 | CS High to DTACK High —  — — | бнон | мк | — | — | 12 [№ 
Address Valid to R/W Low | а | w | 23 | — | — || 
| 13 [RWlowtoCSlow __ — — | tus | мн | 8 | — | [№ 
| 14 | CS Low Pulse Width __ | tss. | te | 2% | — | ~ |m] 
[15 [Dam Validto CS High — — — Пын | ts | о | — | - №. 
| 16 |С High to Data ма — — — — — — — [ | tow | 5. | — | -— | ms | 
| 17 | IRQ Delay from CS High č — — (ан | tmo | ~ | [| 500 [№ 
| 18 | ТХАО Cycle Period — | — — — | trav | ty | 33 | — | — |n] 
| 19 | ACKLowtoTXRQlLow — — — — | tem | мк | — | — | 20 | tv 
| 20 | DONE Low Width |н) tow | 1 | — | — | 
far |WckOyleTme — — Тау | ки | — || |в 
|22 | WCK High Width — — — — — — — | кик | о | æ | 250 | 350 | ms | 
[23 [WCKRiseTime — | — — — | кин | & | — | — | 20 |n. 
| 24 | WCK Fall Time > ___ |қа|% | — | — | 2 |n] 
| 25 [WOK High to P50, PS1 Мапа (Delay) |ә | te | 20 | — | 100 | ns | 
| 26 | PSO, PS1 Valid to WDA High (Delay) — — — | Тон | ко | 20 | ~ | 100 | ns | 
мен-50| — | ~ | ns | 
| 28 | WE High to WCK High or WE Low to WCK Low | temu | ће | 20 | — | 100 | 
| 30 | RDW Cycle Time —  |му| twv | ~ | пое? | — |в | 
зо | 31 | RDW Valid to RDD High (Setup) — | twan | twp | 15 | — | [№ 
| 32 | RDD Low to RDW Invalid (Hold) — | ам | tow | 15 | — | — |n] 
зз | RDD High Width — — — — — |m | fao | 4 | — | — | 
CHE TCR TET CEU t MERERI GSC гаи 
| 36 | SEEK Low to USO, USt Invalid (Hold) — — 5 | бил | tu | 715 | — | — || 
[37 | SEEK High to DIR Vaid (Setup) — | tew | к | 7 | — | — | os | 

| 38 | DIR Invalid to SEEK Low (Hold) (ре | ts | 30 | — | — | из амн 

| 39 [DIR Valid to STP High (Setup —  — ын | ts | ^! | — | [а 
| 40 | STP Low to DIR Invalid (Hold) | ых | ъъ | 24 | — | — (| os | 
| 41 | STP Low to USO, USt Invalid (Hold) — ^ — | юх | tw | 5 | — | — || 
| 42 | STP High Width — — — — — — [| twn | tse | 6 | 7 | - [ыз | 
|43 | STP Cycle Time (қу | | 38 | — | поез | № 
te | 8 | —- | 0 |. 
© f 13 [45 [IDXHigh Wdh — —— — — to | tx | _ 10 | — | — |t | 
ла | 46 | DONE Low Width — — .— —  — [|twn | tc | 1! | — | — | «| 
[15 [47 на | t | м | - |_- ВС 


| 2. For МЕМ = 0: Тур. = 2 us ; 
_ Standard | For MFM = 1: Тур. = 1 ys | | 
2 us 3. кс = 33 us min. is for different drive units. In the case of the same unit, 


tsc can be ranged from 1 ms to 16 ms with 8 MHz clock period, and 
2 ms to 32 ms with 4 MHz clock, under software control. 


Ђ 
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268465 | Double-Density Floppy Disk Controller (DDFDC) 


ABSOLUTE MAXIMUM RATINGS* 


[Parameter | Symbot | іе [Ош 


OPERATING CONDITIONS 


| Voc Power Supply 5.0V £596 — 
Operating Temperature | 09С to 70°С 


DC CHARACTERISTICS _ 
(Усс = 50 Міс £596, Vss = 0 Мас, ТА = 0°C to 70°C, unless otherwise noted) 


[Parameter — | Symb | 


Input Low Voltage 
Logic | 
CLK and WCK 


*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 


Input High Voltage 
Logic 
CLK and WCK 


| Output Low Voltage | 
Output High Voltage 
Vcc Supply Current mA Vcc = 475V | | 


~All Inputs | | | 

High Level Output Leakage Current 

Low Level Output Leakage Current Voc = OV to 5.25V, Vss = OV 
Vour = +0.45V 


| Internal Power Dissipation 


CAPACITANCE 
(ТА = 25°C; f. = 1 MHz; Voc = OV) 


| Out | Ол | 
Note: All pins except рт under test tied to ground. 
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PACKAGE DIMENSIONS 
40-PIN CERAMIC ПІР. 


R68465 
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40-РІМ PLASTIC DIP 
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Rockwell 


R68560 • R68561 


R68560, R68561 
MULTI-PROTOCOL COMMUNICATIONS 


CONTROLLER (MPCC) 


DESCRIPTION | 
The R68560, R68561 Multi-Protocol Communications Controller 


(МРСС) interfaces a single serial communications channel to 
а 68008/68000 microcomputer-based system using either asyn- 


chronous or synchronous protocol. High speed bit rate, auto- - 


matic formatting, low overhead programming, eight character 
buffering, two channel DMA interface and three separate inter- 
rupt vector numbers optimize MPCC performance to take full 


advantage of the 68008/68000 processing Жағаны апа 


asynchronous bus structure. 


Іп synchronous operation, the MPCC supports bit-oriented 
protocols (BOP), such as SDLC/HDLC, and character-oriented 
protocols (COP), such as IBM Bisync (BSC) in either ASCII or 
EBCDIC coding. Formatting, synchronizing, validation and error 
detection is performed automatically in accordance with protocol 
requirements and selected options. Asynchronous (АЗУМС) and 
isochronous (ISOC) modes are also supported. In addition, 
modem interface handshake signals are available for general 
use. 


Control, status and data are transferred between the MPCC and 
_ the microcomputer bus ма 22 directly addressable registers and 


а ОМА interface. Two first-in first-out (FIFO) registers, address- , 


able through separate receiver and transmitter data registers, 
each buffer up to eight characters at a time to allow more MPU 
processing time to service data received or to be transmitted 
and to maximize bus throughput, especially during ОМА орега- 
tion. The two-channel Direct Memory Access (DMA) interface 
operates with the MC68440/MC68450 DMA Controllers. Three 
prioritized interrupt vector numbers separately support receiver, 
transmitter and modem interface operation. 


An on-chip oscillator drives the internal baud rate generator 
(BRG) and an external clock output with an 8 MHz input crystal 
or clock frequency. The BRG, in conjunction with two selectable 
prescalers and 16-bit programmable divisor, provides a data bit 
rate of DC to 4 MHz. 


The 48-pin А68561 supports word-length (1 вы operation when 
connected to the 68000 16-bit asynchronous bus, as well as byte- 
length (8-bit) operation when connected to the 68008 8-bit bus. 
. The 40-pin R68560 supports byte-length operation on, the 68008 
bus. 


_ Document No. 68650N06 


PRELIMINARY 


FEATURES _ 


• Full duplex synchronous/asynchronous receiver and 
transmitter 

* Fully implements IBM Binary Synchronous Communications 
(BSC) in two coding formats: ASCII and EBCDIC 

е Supports other. synchronous character-oriented protocols 
(СОР), such as six-bit BSC, X3.28, ISO 151745, ECMA-16, 
etc. 

• Supports synchronous bit-oriented protocols (BOP), such as 

SDLC, HDLC, X.25, etc. 

Asynchronous and isochronous modes 

Modem handshake interface 

High speed serial data rate (DC to 4 MHz) 

Internal oscillator and Baud Rate Generator (BRG) with pro- 

grammable data rate 

* Crystal or TTL level clock input and: buffárad clock output 
(8 MHz) 

• Direct interface to 68008/68000 asynchronous bus 

е Eight-character receiver and transmitter buffer registers 


е. 22directly addressable registers for flexible option selection, 


complete status reporting, and data transfer 

е Three separate programmable interrupt vector numbers for 
receiver, transmitter and serial interface 

e Maskable interrupt conditions for receiver, transmitter and 
serial interface 

• Programmable microprocessor bus data transfer: polled, 
interrupt and two-channel DMA transfer compatibile with 
MC68440/MC68450 | | 

• Clock control register for receiver clock divisor and receiver 
and transmitter clock routing 

е Selectable full/halt duplex, autoecho and local loop-back 
modes . 


• Selectable parity (enable, odd, , even) and CRC (control field 


_ enable, CRC-16, CCITT V.41,, VRC/LRC) 
ORDERING INFORMATION 


Part Number | Frequency Temperature Range 


R6856 __ 4 MHz 0°С to 70°C 


Т, Package: С = ‚ Ceramic 


Р - Plastic 


Number of pins: 0 40 
1 = 48 


Product Description Order Мо. 705 
Rev. 3, March 1984 


268560, R68561 Multi-Protocol Communications Controller (MPCC) 


8 BYTE 


TxD 
CONTROL 
CHARACTER 
INSERTION TO Rx LOGIC 
(TEST MODE) 
MICROPROCESSOR Tx CONTROL ‘ 
:; BUS? ~ . : 
INTERFACE, | | sh 
RTS 
Д CTS 
CONTROL CTS 
REGISTERS DCD 


"Jg 
a 
2 


TOTxLOGIC ` аи | 
BAUD RATE GENERATOR | | 
Tx CLOCK Т | | | 
SELECT | Е тхс | 
(TCLKO) BCLK 
+М COUNTER PRESCALE EXTAE 
(BRDR1, BRDR2) (PREDIV) | Ў 


XTAL 
E. Rx CLOCK - - аз 2 
RDSR ` DMA SELECT +1, др Ds -64 са 
_ INTERFACE (RCLKIN) 
DACK k 
DTC | 
БОМЕ TO Rx LOGIC 


.RxFIFO READ 


INTERNAL Rx CONTROL BUS To Tx LOGIC . 


(ECHO MODE) | 


CONTROL 
CHARACTER 
DETECTION 


Cd Rx SHIFT REG | | nx SHIFT REG | Rx SHIFT REG | 


8-ВУТЕ | 
(4 WORD) 
RxFIFO 


RxD 


NOTES: 
1. R68560 ONLY. 


2. R68561 ONLY. 
3. UDS ON R68561 A0 ON R68560 
4. LDS ON R68561 DS ON R68560 


Figure 1. MPCC Block Diagram 
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R68560, R68561 — . Multi-Protocol Communications Controller (MPCC) 


PIN DESCRIPTION 


Throughout the document, signals are presented using the terms 
active and inactive or asserted and negated independent of 
whether the. signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. R/W 
indicates a write is active low and a read active high. 


Note: The R68561 interface is described for word mode opera- 
tion only and the R68560 interface is described for byte 
mode operation only. 


A1 — A4—Address Lines. A1 – A4 are active high inputs used 
in conjunction with the CS input to access the internal registers. 
The address map for these registers is shown in Table 1. 


DO – D15—Data Lines. The bidirectional data lines transfer data 
between the MPCC and the MPU, memory or other peripheral 
device. DO – 015 are used when connected to the 16-bit 68000 
bus and operating in the MPCC word mode. DO – 07 are used 
when connected to the 16-bit 68000 bus or the 8-bit 68008 bus 
and operating in the MPCC byte mode. The data bus is three- 
stated when CS is inactive. (See exceptions in DMA mode.) 


CS—Chip Select. CS low selects the MPCC for programmed 
transfers with the host. The MPCC is deselected when the CS 
input is inactive in non-DMA mode. CS must be decoded from 
the address bus and gated with address strobe (AS). 


R/W—Read/Write. R/W controls the direction of data flow 
through the bidirectional data bus by indicating that the current 
bus cycle is a read (high) or write (low) cycle. 


DTACK—Data Transfer Acknowledge. DTACK is an active 
low output that signals the completion of the bus cycle. During 
read or interrupt acknowledge cycles, DTACK is asserted by 
the MPCC after data has been provided on the data bus; during 


DATA 
BUS 
ADDRESS 
BUS 


ASYNCHRONOUS 
BUS 
CONTROL | R68560/ 


R68561 
MPCC 


DMA 
CONTROL 


INTERRUPT 
CONTROL 


write cycles it is asserted after data has been accepted at the 
data bus. DTACK is driven high after assertion prior to being 
tri-stated. A holding resistor is required to maintain DTACK high 
between bus cycles. | | 


DS—Data Strobe (R68560). During a write (R/W low), the 
DS positive transition latches data on data bus lines 00-07 
into the MPCC. During a read (R/W high), DS low enables data 
from the MPCC to data bus lines DO – 07. 


LDS—Lower Data Strobe (R68561). During a write (R/W low), 
the positive transition latches data on the data bus lines DO — D7 
(and on D8 — D15 if UDS is low) into the MPCC. During a read 
(R/W high), LDS low enables data from the MPCC to ро – D7 
(and to D8 – 015 if UDS is low). 


AO0—Address Line AO (R68560). When interfacing to an 8-bit 
data bus system such as the 68008, address line AO is used 
to access an internal register. AO = 0 defines an even register 
and AO = 1 defines an odd register. See Table 1b. 


UDS—Upper Data Strobe (R68561). When interfacing to a 
16-bit data bus system such as the 68000, a low on control bus 
signal UDS enables access to the upper data byte on 08 – 015. 
A high on UDS disables access to D8 – 015. Data is latched and 
enabled in conjunction with LDS. 


IRQ—Interrupt Request. The active low IRQ output requests 
interrupt service by the MPU. IRQ is driven high after assertion 
prior to being tri-stated. : 


IACK—Interrupt Acknowledge. The active low IACK input 
indicates that the current bus cycle is an interrupt acknowledge 
cycle. When IACK is asserted the MPCC places an interrupt 
vector on the lower byte (DO – 07) of the data bus. 


TDSR—Transmitter Data Service Request. When Тгап5- 
mitter DMA mode is active, the low TDSR output requests DMA 
service. | 


MODEM 
INTERFACE 


TRANSMITTER 
INTERFACE 


RECEIVER 
INTERFACE 


CLOCK 
INTERFACE 


Figure 2. MPCC Input and Output Signals 
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R68560, Н68561. 


Multi-Protocol Communications Controller (МРСС) 


RDSR—Receiver Data Service Request. When receiver ОМА 
mode is active, the low RDSR output requests DMA service. 


DACK—DMA Acknowledge. The DACK low input indicates 
that the data bus has been acquired by the DMAC and that the 
requested bus cycle is beginning. 


DTC—Data Transfer Complete. The DTC low input indicates 
that a DMA data transfer is complete. DTC in response to a 
RDSR indicates that the data has been successfully stored 
in memory. DTC in response. to a TDSR indicates that the 
data is present on the data bus for strobing into the MPCC. DTC 
is used in conjunction with R/W to increment the TxFIFO or 
RxFIFO pointer. 


DONE—Done. DONE is а bidirectional active low signal. The 
DONE signal is asserted by the DMAC when the DMA transfer 
count is exhausted and there is no more data to be transferred, 
or asserted by the MPCC when the status byte following the last 
character of a frame (block) is being transferred in response to 
a RDSR. The DONE signal asserted by the DMAC in response 
to a TDSR will be stored to track with the data byte (lower 
byte for word transfer) through the TxFIFO. 


RESET—Reset. RESET is an active low, high impedance 
input that initializes all MPCC functions. RESET must be 
asserted for at least 500 ns to initialize the MPCC. 


DTR—Data Terminal Ready. The DTR active low output is 
general purpose in nature, and is controlled by the DTRLVL bit 
in the Serial Interface Control Register (SICR). 
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RTS—Request to Send. The RTS active low output is general 
purpose in nature, and is controlled by the RTSLVL bit in the 
SICR. 


CTS—Clear to Send. The CTS active low input positive transi- 
tion and level are reported in the СТТ and CTSLVL bits in the 
Serial Interface Status Register (SISR), respectively. 


DSR—Data Set Ready. The DSR active low input negative 
transition and level are reported in the DSRT and DSRLVL bits 
in the SISR, respectively. DSR is also an output for RSYN. 


DCD-— Data Carrier Detect. The DCD active low input positive 
transition and level are reported in the ОСОТ and DCDLVL bits 
in the the SISR, respectively. 


TxD—Transmitted Data. The MPCC transmits serial data on the 
TxD output. The TxD output changes on the negative going edge 
of ТХС. 


RxD—Received Data. The MPCC receives serial data on the RxD 
input. The RxD input is shifted into the receiver with the negative 
going edge of RxC. : 


TxC—Transmitter Clock. ТҰС can be programmed to be an input 
or an output. When TxC is selected to be an input, the transmitter - 


. clock must be provided externally. When TxC is programmed to 


be an output, a clock is generated by the MPCC’s internal baud 
rate generator. The low-to-high transition of the clock signal nomi- 
nally indicates the center of a serial data present on the TxD output. 


НхС--Несеіуег Clock. RxC provides the MPCC receiver with 
received data timing information. 
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Pin Configuration 
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EXTAL—Crystal/External Clock Input. | 7 . MPCC REGISTERS 
ХТАІ. Crystal Return. EXTAL and XTAL connect ап 8 MHz 
external crystal to the МРСС internal oscillator. The pin EXTAL 
may also be used as a TTL level input to supply a DC to 8 MHz 
reference timing from an external clock source. XTAL must be 


tied to ground when applying an external clock to the EXTAL 


Twenty-two registers control and monitor the MPCC operation. | 
The registers and their addresses are identified in Table 1a 
(R68561 operation in word mode) and in Table 1b (R68560 
operation in byte mode). When the R68561 is operated in the 
word mode, two registers are read or written at a time starting 


драг. at ап even boundary. When the R68560 is operated in the byte 
BCLK—Buffered Clock. BCLK is the internal oscillator buffered mode, each register is explicitly addressed based on А0. 

output available to other MPCC devices eliminating the need for | " | | А 

Е. g | Table 2 summarizes the МРСС register bit assignments and their 

additional crystals. | b : | 

access. А read from an unassigned location results in а read 

Vcc—Power. 5V +5%. from a “null register.” A null register returns all ones for data 

and results in a normal bus cycle. Unused bits of a defined 


GND—Ground. Ground (Vgs). register are read as zeros unless otherwise noted. 


Table 1a. R68561 Accessible Registers (Word Mode) 


ey Е 
15 8 7 | 0 
ПЕС __| ОС 


Transmitter Control Register (TCR) Transmitter Status Register (TSR) 
Transmitter Interrupt Enable Register (TIER) Transmitter interrupt Vector Number Register (TIVNR) 


Serial Interface Control Register (SICR) Serial Interface Status Register (SISR) 


| 
Serial Interrupt Enable Register (SIER) Serial Interrupt Vector Number Register (SIVNR) 


Protocol Select Register 2 (PSR2) Protocol Select Register (PSR1) 


| Address Register 2 (АВ2) Address Register 1 (АРТ) 


ТА 
Band Rate Омдег Register 2 (BRDR2) Baud Rate Divider Register 1 (BRDR1) | 
Error Control Register (ECR) Clock Control Register (CCR) | ВМ | ТЕ | 1 1 


Notes: 
1. Accessible register of the four word RxFIFO. The data is not initialized, however, RES resets the RxFIFO pointer to the start of the first word. 


2. Accessible register of the four word TxFIFO. The data is not initialized, however, RES resets the TxFIFO pointer to the start of the first word. 
3. Reserved registers may contain random bit values. қ" | 
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Address. Lines 
` A2 А1 


Receiver Interrupt Enable Register (ШЕН) | 


Transmitter Status Register (TSR) 


^ "Transmitter Interrupt Vector Number Register (TIVNR) 
Transmitter Interrupt Enable Register (TIER) 


| I DM 


ГООО кше 000 
[ Веда тетир, vector Number Register ВЪВ | RW | 


Serial Interrupt Enable Register (SIER) _ 


. Notes: | А | | 
1. Accessible register of the eight byte RxFIFO. The data is not initialized, however, RES resets the RxFIFO pointer to the start of the first byte. 


2. Accessible register of the eight byte TxFIFO. Тһе data is not initialized, however, RES resets the TxFIFO pointer to the start of the first byte. 
3. Reserved registers may contain random bit values. ЕЕ | | 
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Table 2. MPCC Register Bit Assignments | 


| | Bit Number | 
o7 | e |5 | a | a |2 | 1 | о |ме) _ 
E | Register (RSR) 
Со [nme oes venen [orons [occur [wes ме а 


Access 


Receiver Control 
Register (RCR) 
ЕЕ RECEIVED DATA (RxFIFO)2 Receiver Data 
| RECEIVER INTERRUPT VECTOR NUMBER (RIVN) | 
са RDA | EOF СЈРЕВА | FRERR | ROVAN | RAB | 
| Е. Е ^c IE IE IE Е. 


Register (RDR) | 

Receiver Interrupt Vector 
Number Register (RIVNR) 

== | |» Гаара | [= 

ЕСЕ TS TRANSMITTED DATA (TxFIFO)? 


Register (RIER) 


Transmitter Status 
Register (TSR) 


Transmitter Control 
Register (TCR) 
Transmitter Data 
Register (TDR) 


Transmitter Interrupt Vector 
Number Register (TIVNR) 


Transmitter Interrupt Enable 
Register (TIER) 


Receiver Interrupt Enable 
TRANSMITTER INTERRUPT VECTOR NUMBER (TIVN) 
TDRA TFC TUNRN "ТЕЕВА 
. Е 7 IE IE IE — 


Cw pee [om [um [om mm + | + је 
ЕСЕИСІЗІСЗІЕЕЕЕЕЕКСЛЕЛЕЛЕН 
вә 
ЕСЕ RANDOM BIT VALUES MEN 


Serial Interface Status 
Register (SISR) 


Serial Interface Control 
Register (SICR) | 


(reserved) 


(reserved) 
Serial Interrupt Vector 
Number Register (SIVNR) 


Serial Interrupt Enable 
Register (SIER) | 


| | SERIAL INTERRUPT VECTOR NUMBER (SIVN) | EM 
CTS DCD 
IE IE 


СИИИ ИЕС ОИСЕ ЈИ 


STOP БІТ SEL CHAR LEN SEL . PROTOCOL SEL Protocol Select | 

$ ме | sm | зет | ог | си | Pss | Pse | Ps | ле па 
| ВОР ADDRESS/BSC & СОР PAD | 00 | Address Register 1 (AR1) 
| RW | BOP ADDRESS/BSC & COP SYN | 00 | Address Register 2 (АН) 


М 

EM BAUD RATE DIVIDER (LSH) EM Ра гае BADRI ) 

нал Л ЕВА ДИР) ки 
| CLK SEL 

СРС SEL 


Clock Control 
Notes: 


Protocol Select 
Register 1 (PSR1) 


=|= 


Register (ССВ) 


Error Control 
Register (ECR) 


1. RESET = Register contents upon power up or RESET. 
2. 16-bits for R68561 (word mode); 8-bits for R68560 (byte mode). 
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REGISTER DEFINITIONS 
RECEIVER REGISTERS 


.. Receiver Status Register (RSR) | 


ок [soe То | срела | кейі | Rowan | us [ROLE 


Reset Value = $00 


“Тһе Receiver Status Register (RSR) contains the status of the 
receiver including error conditions. Status bits are cleared by 
writing a 1 into respective positions, by writing a 1 into the RCR 


RRES bit or by RESET. If an EOF, C/PERR, ог FRERR is set 


in the RSR, the data reflecting the error (the first byte or word 
in the RxFIFO) must be read prior to resetting the correspond- 
ing status bit in the RSR. The IRQ output is asserted if any 


of the conditions. reported by the status bits occur and the cor- | 


responding interrupt enable bit in the RIER is set. 


The RSR format i 15 ; the same as the frame status format (see 
below) except as noted. 


RSR 
7 RDA —Receiver Data Available. (RSR only). 
0 Тһе RxFIFO is empty (ie., no received data is 
| available). | | 
1 Received data is available in the ВхҒІҒО and can be 


read via the RDR. 


RSR | | 

6. EOF —End of Frame. 

0 No end of frame or block detected. - 

m End of frame or block detected (BOP and BSC). 
RSR | | 

5 АНУ —Receive Half Word. (Frame Status only)* 


0 “4 The last word of the frame contains data on the upper 
half (D8 — D15) and frame status on the lower half 
(DO — D7) of the data bus. 

The lower half of the data bus (DO — D7) contains the 
frame status but the upper half (D8 — D15) is blank or 


— 


invalid. 
RSR 
4 C/PERR . —CRC/Parity Error. 
0 No CRC or parity error detected. 
1 CRC error detected (BOP, BSC), Parity error detected 
(ASYNC, ISOC and COP). 
RR à | 
3 FRERR —Frame Error. 
0 No frame error detected. 
1 Short Frame or a closing FLAG detected off boundary 
(BOP), Frame error (ASYNC, ISOC) or receiver - 
overrun. | 
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RSR 
2 ROVRN --Несеіуег Overrun. 
0 No receiver overrun detected. 
1 Receiver overrun detected. Indicates that receiver data 
was attempted to be transferred into the RxFIFO when 
. it was full, resulting in loss of received data. The data 
that is already in RxFIFO are not affected and may be 
read by the processor. 
RSR 


1 RA/B --Несеіуег Abort/Break. 

0 | Normal Operation. 

1 АВОНТ detected after an. opening flag (BOP), ENQ 
detected in a block of text data (BSC), or BREAK 
detected (ASYNC). 


RSR | | 
0 RIDLE —Receiver Idle. (RSR only). 
0 Receiver not idle. | | 
1 15 or more consecutive “15” have been received and 


the receiver is in an inactive idle state. 


*Frame Status (RSR) — . 
ров | e зебра | ae ao 
Го | ко | Raw | стена | ененя | Rovan | RA | о- 


For the BSC and ВОР protocols which һауе defined message 
blocks or frames, a “frame status” byte will be loaded into the 
RxFIFO following the last data byte of each block. The frame 
status contains all the status contained within the RSR with the 


exception of RDA and RIDLE. But, in addition to the RSR con- 


tents, the frame status byte has a RHW status in bit 5 which 
indicates either an even or odd boundary (applicable to word 
mode only). 


If the MPCC is in word mode and the last data byte was on ап 
even byte boundary (i.e., there was an even number of bytes 
in the message), a blank byte will be loaded into the RxFIFO 
prior to loading the frame status byte in order to force the ‘гате 
status" byte and the next frame to be on an even boundary. 
When RHW = 0, the last word of the frame contains data on 
the upper half and status on the lower half of the data bus. If 
RHW = 1, the lower half of the bus contains status but ne upper 
half is a blank or invalid Dyis: 


In the byte mode, the status byte will always immediately follow 
the last data byte of the block/frame (see Figure 3). The EOF 
status in the RSR is then set when the byte/word containing the 
frame status is the next byte/word to be read from the RxFIFO. 


In the receiver DMA mode, when the EOF status in the RSR 
is set, DONE is asserted to the DMAC. Thus the last byte 
accessed by the DMAC is always a status byte, which the 
processor may read to check the validity of entire frame. 
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WORD D15 D8 D7 


[Он J oara | sratus | 
[ MEX | FRAME — 


WORD MODE М + 1 


(RHW - 0) 


BYTE D7 DO 


м [oma 
Гит | зтатоз || 
| 


BYTE MODE 


Multi-Protoco! Communications Controller (MPCC) 


ро 015 08 07 


ВЕАМК STATUS 
NEXT | FRAME | 


(RHW = 1). 


BYTE D7 DO 


[м [wa | 


Figure 3. BSC/BOP Block/Frame Status Location 


Receiver Control Register (RCR) 


q.s ра | ара Те 
= |ROSREN DONEEN RSYNEN[STRSYN 2aDcwP|RABEN ARES 


Reset value = $01 


The Receiver Control Register (RCR) selects receiver control 
options. | 


RCR 
7 —Not used. 
RCR 
6 RDSREN —Receiver Data Service Request Enable. 
0 Disable receiver ОМА mode. | 
1 Enable receiver ОМА mode. 
RCR | 


5 DONEEN —DONE Output Enable. 

0 Disable DONE outpüt. 

1 Enable DONE output. (When the receiver is in the DMA 
mode, i.e., RDSREN = 1). 


RCR | ae" 
4 RSYNEN —RSYNEN Output Enable. Selects the 
| DSR signal input ог the RSYN SYNC 
E ‚ signal output on the DSR ріп. 
0 при DSR оп О5А. _ 
1. Output RSYN on DSR. 


RCR | | 

23 STRSYN. —Strip SYN Character (COP only). 
о. По not strip SYN character. 
1 Strip SYN character. 

RCR 
2 2ADCMP -—One/Two Address Compare (BOP only). 
0 Compare one address byte with the contents of AR1. 
1 Compare two address bytes with the contents of AR1 


and Авг. | | 
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RCR | | | | 
1 RABTEN —Receiver Abort Enable (BOP only). 
0 Do not abort frame upon error detection. 
1. Abort frame upon RxFIFO overrun (ROVRN bit = 1 in 


"ће RSR) or CFCRC error detection (C/PERR bit = 1 
in the RSR). If either error occurs, the MPCC ignores 
the remainder of the current frame and searches for 
the beginning of the next frame. | 


RCR _ | | 
0 RRES —Receiver Reset Command. 
0 Enable normal receiver operation. 
1 Reset receiver. Resets the receiver section including 


the RxFIFO and the RSR (but not the АСА). RRES is 
set by RESET or by writing a 1 into this bit for one write 
cycle and is cleared by writing a 0 into this bit. RRES 
requires clearing after RESET. | 


Receiver Data Register (RDR) | 
R68561 (Word Mode) | 


15] 14 Из |12 |11 |10 |ә |в |7 Je 5 4 3|2 | 1 [0 
| MSB __виет 198 | М8 Әуес 188 


MSB Byte 1 LSB | MSB  ByteO LSB 


_ 968560 (Byte Mode) 


The receiver has an 8-byte (or 4-word) First In First Out (FIFO) 
register file (ВхҒІҒО) where received data are stored before 
being transferred to the bus. The received data is transferred 
out of the RxFIFO via the RDR in 8-bit bytes or 16-bit words 
depending on the WD/BYT bit setting in PSR2. When the 
RxFIFO has a data byte/word ready to be transferred, the RDA 
status bit in the RSR is set to 1. | 
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Receiver Interrupt Vector Number Register (RIVNR) 


(иж кана ик ивана 
| 


Reset value = $0F 


If a receiver interrupt condition occurs (as reported by status 
bits in the RSR that correspond to interrupt enable bits in the 
RIER) and the corresponding bit is set in the RIER, IRQ output 
is asserted to request MPU receiver interrupt service. When the 
1АСК input is asserted from the bus, the Receiver Interrupt Vec- 
tor Number (RIVN) from the Receiver Interrupt Vector Number 
Register (RIVNR) is placed on the data bus. 


Receiver Interrupt Enable Register (RIER) 


Reset value - $00 


The Receiver Interrupt Enable Register (RIER) contains inter- 
rupt enable bits for the Receiver Status Register (RSR). When 
enabled, the IRQ output is asserted when the corresponding 
condition is detected and reported in the RSR. 


RIER ДЕ | | г | 
7 RDA IE --Весеіуег Data Available Interrupt 
Enable. . 
0 Disable RDA Interrupt. . 
1 Enable RDA Interrupt. 
RIER | 
6 EOF IE —End of Frame Interrupt Enable. 
0 Disable EOF Interrupt. 
1 Enable EOF Interrupt. 
RIER С | | 
5. · . —Not used. 
RIER 


4 C/PERR IE —CRC/Parity Error Interrupt Enable. 
0 Disable C/PERR Interrupt. 
1 Enable C/PERR Interrupt. 


RIER : ; E 

3  FRERR IE —Frame Error Interrupt Enable. 
0 Disable FRERR Interrupt. 

1 Enable FRERR Interrupt. 


RIER | 
2  ROVRN IE —Receiver Overrun Interrupt Enable. 
0 Disable ROVRN Interrupt. 
1 Enable ROVAN Interrupt. 


і RA/B IE —Receiver Abort/Break Interrupt Enable. 
0 Disable RA/B Interrupt. | 
1 Enable RA/B Interrupt. 


RIER | 
0 —Not used. 


Lr s TsT T туш 
"eet e joe [e [Pee |? 
IE IE IE 
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TRANSMITTER REGISTERS 


|J. Transmitter Status is acia (TSR) 


EX 
| Б. ЖЕ Ге | | о | томе RR; REN 


Везе{ уаше = 580. 


The Transmitter Status Register (TSR) contains the transmitter 
status including error conditions. The transmitter status bits are 


. cleared by writing a 1 into their respective positions, by writing - 


a 1 into the TCR TRES bit, or by RESET. The IRQ output is 
asserted if any of the conditions reported by the status bits occur 


and the corresponding interrupt enable bit in the TIER is set. 


TSR 
7 TDRA —Transmitter Data Register Available. 
0 The TxFIFO is full. 
1 The TxFIFO is not full (i.e., available) and data to 
transmit can be loaded via the TDR. 
TSR. | 
6 ТЕС —Transmitted Frame Complete. (BOP, BSC 
and COP only). _ 
О JJ Frame not complete. 
21 Closing FLAG ог ABORT character has been transmit- 
ted (ВОР), Trailing PAD has been transmitted (BSC), 
or the last character of a frame or block as defined by 
TLAST (TCR bit 3) has been transmitted (COP). | 
TSR 
5-3. —Not used. 
TSR 
2 TUNRN  -—Transmitter Underrun (BOP, BSC and | 
COP only). A transmitter underrun occurs 
when the transmitter runs out of data dur- 
ing a transmission. For BOP, the underrun 
condition is treated as an abort. For BSC 
and COP, SYN characters are transmitted 
| until more data is available in the TARO: 
0 No transmitter underrun occurred. 
1 Transmitter underrun occurred. 
TSR 


1 TFERR  -—Transmit Frame Error (BOP only). 
0 No frame error has occurred. | 
1 No control field was present (short frame). 


Transmitter Control Register (TCR) 


в [s]a] e Те то | 


Незе! value = $01 


The Transmitter Control Register (T CR) selects transmitter con- 
trol function. | 


TCR 
7 TEN — Transmitter Enable. 
0 - Disable transmitter. TxD output is ед. The TxFIFO 
may be loaded while the transmitter is disabled. 
1 Enable transmitter. 
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TCR 
6 TDSREN —Transmitter Data Service Request 
Enable. 
0 Disable transmitter DMA mode. 
1 Enable transmitter DMA mode. 
TCR 
5 TICS — Transmitter Idle Character Select. Selects 


the idle character to be transmitted when 
the transmitter is in an active idle mode 
(transmitter enabled or disabled). 
0 Mark Idle (TxD output is held high). 
1 Content of AR2 (BSC and COP), BREAK condition 
(ASYNC and ISOC), or FLAG character (ВОР). 


TCR 

4 THW —Transmit Half Word. (R68561, word mode: 
only). This bit is used when the frame or 
block ends on an odd boundary in conjunc- 
tion with the TLAST bit and indicates that 
the last word in the TxFIFO contains valid 
data in the upper byte only. This bit must 
always be 0 in byte mode (R68560). 

0 Transmit full word (16 bits) from the TxFIFO. 

1 Transmit upper byte (8 bits) from the TxFIFO. 

TCR 
3 TLAST —Тгапѕті Last Character (BOP, BSC and 
COP only). 

0 The next character is not the last character in a frame 
or block. 

1 The next character to be written into the TDR is the 
last character of the message. The TLAST bit 
automatically returns to a O when the associated 
word/byte is written to the TxFIFO. If the transmitter 
DMA mode is enabled, TLAST is set to a 1 by DONE 
from the DMAC. In this case the character written into 
the TDR in the current cycle is the last character. 

TCR 
2 TSYN —Transmit SYN (BSC апа COP only). 

0 Do not transmit SYN characters. 

1 Transmit SYN characters. Causes a pair of SYN 
characters to be transmitted immediately following the 
current character. If BSC transparent mode is active, 
a DLE SYN sequence is transmitted. The TSYN bit 
automatically returns to a 0 when the SYN character 
is loaded into the Transmitter Shift Register. 

TCR 

1 TABT —Transmit ABORT (BOP only). 

0 Enable normal transmitter operation. 

1 Causes an abort by sending eight consecutive 1's. A 


data word/byte must be loaded into the TxFIFO after 
setting this bit in order to complete the command. The 
TABT bit clears automatically when the subsequent 
data word/byte is loaded into the TxFIFO. 
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TCR 
0 TRES —Transmitter Reset Command. 
0 Enable normal transmitter operation. 
1 Reset transmitter. Clears the transmitter section 


including the TxFIFO and the TSR (but not the TCR). 
The TxD output is held in "Mark" condition. TRES is 
set by RESET or by writing a 1 into this bit for one write 
cycle and is cleared by writing a 0 into this bit. TRES 
requires clearing after RESET. 


Transmit Data Register (TDR) 
R68561 (Word Mode) 


15 | 14 Из [12 |14 | o je |7 jejs jaja 2j fo 
MSB Виет 158 | М8 Bye 158 | 


MSB Byte 1 LSB | MSB Byte 0 LSB 
R68560 (Byte Mode) 


The transmitter has an 8-byte (or 4-word) FIFO register file 
(TxFIFO). Data to be transmitted is transferred from the bus into 
the TxFIFO via the TDR in 8-bit bytes or 16-bit words depend- 
ing on the WD/BYT bit setting in PSR2. The TDRA status bit 
in the TSR is set to 1 when the TxFIFO is ready to accept another 
data word/byte. 


Transmitter Interrupt Vector Number Register (TIVNR) 


жор Поза Is 


Reset value = ФОР 


If a transmitter interrupt condition occurs (as reported by status 
bits in the TSR that correspond to interrupt enable bits in the 
TIER) and the corresponding bit in the TIER is set, the IRQ 
output is asserted to request MPU transmitter interrupt service. 
When the IACK input is asserted from the bus, the Transmitter 
Interrupt Vector Number (TIVN) from the Transmitter Interrupt 
Vector Number Register (TIVNR) is placed on the data bus. 


Transmitter Interrupt Enable Register (TIER) 


Reset value = $00 


The Transmitter Interrupt Enable Register (TIER) contains 
interrupt enable bits for the Transmitter Status Register. When 
enabled, the IRQ output is asserted when the corresponding 
condition is detected and reported in the TSR. | 


TIER 
7 ТОВА ІЕ —Transmitter Data Register (ТОН) Avail- 
| able Interrupt Enable. 
0 Disable TDRA Interrupt. 
1 Enable TDRA interrupt. 
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TIER | 
6 ТЕСЕ —Transmit Frame „трюк (ТЕС) Interrupt 
ЕпаЫе. 
0 Disable TFC Interrupt. 
1 Enable TFC Interrupt. 
TIER 
5-3 —Not used. 
TIER 
2  TUNRN IE —Transmitter Underrun (TUNRN) Interrupt 
Enable. 
0 Disable TUNRN Interrupt. 
1 Enable TUNRN Interrupt. 
TIER 
1. TFERR IE —Transmit Frame Error (TFERR) Interrupt 
Enable. 
0 Disable TFERR Interrupt. 
1 " Enable TFERR Interrupt. 
TIER 
0 | —Not used. 


SERIAL INTERFACE REGISTERS 
Serial Interface Status Register (SISR) 


(eer [sem [ser [eo [o [oce 


Reset value = - $00 


The Serial Interface Status Register (SISR) contains the serial 
interface status information. The transition status bits (CTST, 
DSRT and DCDT) are cleared by writing a 1 into their respec- 
tive positions, or by RESET. The level status bits (CTSLVL, 
DSRLVL and DCDLVL) reflect the state of their respective inputs 
and cannot be cleared internally. The IRQ output is asserted 
if any of the conditions reported by the transition status bits occur 


and the corresponding interrupt enable bit in the SIER is set. 


SISR 
7 CTST —Clear to Send Transition Status. 
1 CTS has transitioned positive (from active to inactive). 
(TRES must be zero). 
0 CTS has not transitioned positive. | 
SISR 
6 0587 -—Data Set Ready Transition Status. 
1 DSR has transitioned negative (from inactive to active). 
0 DSR has not transitioned negative. 
SISR | "m 
5  DCDT --Оа!а Carrier Detect Transition Status. 
1 DCD has transitioned positive (from active to inactive). 
0 AA DCD has not transitioned positive. 
SISR | 
4 CTSLVL —Сіеаг to Send Level. 
0 CTS input level is negated (high). 
1 CTS input level is asserted (low). 
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SISR : 
3  DSRLVL —Data Set Ready Level. 
0 DSR input level is negated (high). 
1 DSR input level is asserted (low). 
SISR 
2  DCDLVL --Пайа Carrier Detect Level. 
0 DCD input level is negated (high). 
1 DCD input level is asserted (low). 
SISR 
1- —Not used. 


Serial Interface Control Register (SICR) 


[7 те IsI*Is L2 [о | 
Батага | orae | o | o | o | ено | Test | кад 


Reset value = $00 


The Serial Interface Control Register (SICR) controls various 
serial interface signals and test functions. 


SICR | | 
7  RTSLVL  —Request to Send Level. 
0 Медаїе RTS output (high). 
1 . Assert RTS output (low). 
NOTE 


In BOP, BSC, or COP, when the RTSLVL bit is cleared 
in the middle of data transmission, the RTS output- 
remains asserted until the end of the current frame 
or block has been transmitted. In ASYNC or ISOC, the 
RTS output is negated when the TxFIFO is empty. If 
the transmitter is idling when the RTSLVL bit is reset, 
the RTS output is negated within two bit times. 


6 DTRLVL  —Data Terminal Ready Level. 
Negate DTF DTR output (high). 


0 
1 Assert DTR output (low). 
С 


SICR 
5-3 | — Мо! used. These bits are initialized to 0 by 
.RESET and must not be set to 1. 
SICR ME 
2 ECHO —Echo Mode Enable. 
0 Disable Echo mode (enable normal operation). 
1 Enable Echo mode. Received data (RxD) is routed 
| back through the transmitter to TxD. The contents of 
the TxFIFO is undisturbed. This mode may be used 
for remote test purposes. 
SICR 
1 TEST —Self-test Enable. 


0 Disable self-test (enable normal operation). 

1 Enable self-test. The transmitted data (TxD) and clock 
(TxC) are routed back through to the receiver r through 
RxD and RxC, respectively (DCD and CTS are 
ignored). This “loopback” self-test may be used for 
all protocols. RxC is external regardless of the state 
of CCR bit 2. CCR bit 3 may be a O or a 1. 
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SICR | id 
0 NRZI —NRZI Data Format Select. Selects the 
transmit and receive data format to Бе NRZ 
or NRZI. 
0 Select NRZ data format. NRZ coding—high = 1 and 
low = 0. 
1 Select NRZI data format. Тһе serial data remains іп 


the same state to send a binary 1 and switches to the 
opposite state to send a binary O. A 1 bit delay is added 
to the TxD output to allow for encoding. 


Serial Interrupt Vector Number Register (SIVNR) 


з. HE S RUNG REC ИЕ КЕ БЕСІН 


Reset value = $0F 


If a serial interface interrupt condition occurs (as reported by 
status bits in the SISR that correspond to interrupt enable bits 
in the SIER) and the corresponding bit in the SIER is set, the 
IRQ output is asserted to request MPU serial interface interrupt 
service. When the IACK input is asserted from the bus, the Serial 
Interrupt Vector Number (SIVN) from the Serial Interrupt Vector 
Number Register (SIVNR) is placed on the data bus. 


Serial Interrupt Enable Register (SIER) 


Reset value = $00 


The Serial Interrupt Enable Register (SIER) contains interrupt 
enable bits for the Serial Interface Status Register. When an 
interrupt enable bit is set, the IRQ output is asserted when the 
corresponding condition occurs as reported in the SISR. 


SIER 


7 СТ Е  --Сеаг to Send (CTS) Interrupt Enable. 
0 Disable CTS Interrupt. 
1 Enable CTS Interrupt. 
SIER 
6 DSRIE —Data Set Ready (DSR) Interrupt Enable. 
0 Disable DSR Interrupt. 
MD Enable DSR Interrupt. 
SIER 
5  DCDIE --Пайа Carrier Detect (DCD) Interrupt 
Enable. 
0 Disable DCD Interrupt. . 
1 Enable DCD interrupt. 
SIER 
4-0 


—Not used. 


GLOBAL REGISTERS 


The global registers contain command information applying to 
different modes of operation and protocols. After changing global 
register data, TRES in the TCR and RRES in the RCR should 
be set then cleared prior to performing normal mode processing. 
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Protocol Select Register 1 (PSR1) PES 
Е СЕ ЕО Е ‹_ | 0o 
Го |o То То [о То | спех | ров | 
Reset value = $00 


Protocol Select Register 1 (PSR1) selects BOP protocol related 
options. | 


PSR1 
77-2 —Not used. 
PSR1 
1 CTLEX —Control Field Extend (BOP only). 
0 Select 8-bit control field. 
1 Select 16-bit control field. 
PSR1 
0 ADDEX  --Address Extend (BOP only). 
0 Disable address extension. All eight bits of the 
address byte are utilized for addressing. 
1 Enable address extension. When bit O in the address 


byte is a 0 the address field is extended by one byte. 
An exception to the address field extension occurs 
when the first address byte is all O's (null address). 


Protocol Select Register 2 (PSR2) 


ст ра в а рота ТИЛЕ ЕЕ 
мовет 
[ser зе | сә | сы | Pss | ese | Ps 


Reset value = $00 


Protocol Select Register 2 (PSR2) selects protocols, character 
size, the number of stop bits, and word/byte mode. 


PSR2 E 
7  WD/BYT -—Data Виз Word/Byte Mode. | 
0 Select byte mode. Selects the number of data bits to 


be transferred from the RxFIFO and the registers to 
the data bus and to be transferred from the data bus 
to the TxFIFO and the registers. The MPCC is initial- 
ized by RESET to the byte mode. | 

1 Select word mode. For operation with the 16-bit bus, 
select the word mode by sending $80 on D7 — DO to 
address $19 prior to transferring subsequent data 
between the MPCC and the data bus. 


PSR2 
6-5 STOP БІТ SEL —Number of Stop Bits Select. 
Selects the number of stop bits 
. transmitted at the end of the data 
bins in ASYNC and ISOC modes. 


No. of Stop Bits 


6 5 | 
SB2 SB1 ASYNC ISOC 
0 0 1 1 
0 1 1-1/2 2 
1 0 2 2 
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PSR2 
4-3 CHAR LEN SEL — Character Length Select. Selects 
the character length except in BOP 
and BSC where the character length 
is always eight bits. Parity is not 
included in the character length. 


4 3. 
CL2 CL1 Character Length 
0 0 5 bits 
0 1 6 bits 
1 0 7 bits 
1 1 8 bits 


PSR2 
2-0 PROTOCOL SEL —Protocol Select. Selects protocol 
and defines the protocol dependent 


control bits. 

2 1 0 | 
Р53 PS2 PS1 Protocol 

0 0 0 ВОР (Ритагу) 

0 0. . 1. BOP (Secondary) 
220 E 0 . Reserved 

0. As; 1 COP 

4 20 0 BSC EBCDIC 
5 1 0 21 В5С ASCII 

1 1 0 АЗУМС 

1 1 1 ISOC 


Address Register 1 (AR1) 


WEN ЕТ ЛЫ ПСИ С ТИГУ ЕГЕЙ ЙИ ЕГИ 


Reset value = $00 


Address Register 2 (AR2) 


z е [s е Геге аро 


Резе! value = 500 


The protocol selectedi in PSR2 (BOP, BSC and COP only) deter- 
mines the function of the two 8-bit Address Registers (AR1 and 
AR2). As a secondary station in BOP, the contents of the address 
registers are used for address matching depending on the 
2 ADCMP selection in the RCR. In BSC and COP, AR1 and AR2 


contain programmable leading PAD and programmable ЗУМ. 


characters, respectively. 


Address Register (AR) Contents 


Protocol Selected | 2ADCMP | 


BOP (Primary) . С, X X 
BOP (Secondary) 


Address X 
Address Address 
Leading PAD SYN 
BSC ASCII Leading PAD SYN 
COP Leading PAD SYN 


ИЕ | 1 ү — 


BSC EBCDIC 
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where: К = 


Baud Rate Divider Register 1 (BRDR1) 


Eres 


Reset value = $01 


Baud Rate Divider Register 2 (BRDR2) 


сетете га БЕСА ет Ге 


Аезе! мајџе = $00. 


The two 8-bit Baud Rate Divider Registers (BRDR1 and BRDR2) 
hold the divisor of the Baud Rate Divider circuit. BRDR1 con- 
tains the least significant half (LSH) and BRDR2 contains the 
most significant half (MSH), With an 8.064 MHz EXTAL input, 
standard bit rates can be selected using the combination of 
Prescaler Divider (in the CCR) and Baud Rate Divider values 
shown in Table 3. For isochronous or synchronous protocols, 


the Baud Rate Divider value must be multiplied by two for the 


same Prescaler Divider value. 


The Baud Rate Divider (BRD) vaiue can be computed for other 
crystal frequency, prescaler divider and desired baud rate values 
as follows: 


Crystal Frequency 


BRD: a. ee с 
(Prescaler Divider) (Baud Rate) (K) 


1 for isochronous or synchronous 
2 for asynchronous 


ENES 


Clock Control Register T 


ПИН PSCDIV зі RCLKIN 


Reset value = $00 


The CCR selects various clock options. 


CCR 
7-5 —Not used. 
ССВ 
4 PSCDIV  —Prescaler Divider. Тһе Prescaler Divider 


network reduces the external/oscillator fre- 
quency to a value for use by the internal 
Baud Rate Generator. 

0 Divide by 2. 


1 Divide by 3. 
CCR 

3 TCLKO Transmitter Clock Output Select. 
0 Select TxC to be an input. 

1 Select TxC to be ап output. 
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Table 3. Standard Baud Selection (8.064 MHz Crystal) - 


Baud Rate Divider 


Prescaler Divider isochronous and Synchronous 
асака Value Hexadecimal Value 


BRDR2 · BRDR1 Decimal BRDR2 BRDR1 
(MSH) sty Value (MSH) | (ген) 
- B8, 200 
00 


Desired | | | 
Baud Rate Decimal |. PSCDIV Decimal 
(Bit Rate) Value (0 to 1) Value 


0 
1 
0 
0 
1 
A 
0 ; 
0 
1 
0 
1 

1 

1 


ссн 
2 НСІКІМ  —Receiver Clock Internal Select (ASYNC 
only). 
0 Select External RxC. 
1 7 Select Internal RxC. 
CCR 


1-0 CLK DIV —External Receiver Clock Divider. Selects 
the divider of the external RxC to determine 
the receiver data rate. 


CK2 CK1 Divider 


0 0 1 (ISOC) 
0 1 16 
1 0 32 
1 1 64 


Error ща Недізіег (ЕСА) 


PAREN ODDPAR CRCCTL | CRCPRE БЕНЕН 
C 


Reset value = 504 


The Error Control Register (ECR) selects the error detection 
method used by the MPCC. 


ECR | 
7 PAREN —Parity Enable. (ASYNC, ISOC and COP 
only). 
0 Disable parity generation/checking. 
1 Enable parity generation/checking. 


ECR 
6 


0 
1 


ODDPAR —Odd/Even Parity Select (Effective only 
| when PAREN = 1). 
Generate/check even parity. 
Generate/check odd parity. 


ECR . 


5-4 


ECR 


3 
0 


ECR 
2 
0 

14 


ЕСН 
1-0 
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— Мо! used. | 


CFCRC —Control Field CRC Enable. 
Disable control field CRC. Enables an intermediate 
CRC remainder to be appended after the address/con- 
trol field in transmitted BOP frames and checked in 
· received frames. The CRC generator is reset after con- 
trol field CRC calculation. | 


CRCPRE --СНС Generator Preset Select. 
Preset CRC Generator to O. 
Preset CRC Generator to 1 and transmit the 1's com- 
plement of the resulting remainder. 


CRCSEL  —CRC Polynomial Select. Selects one of the 
RC даде 


1 0 

CR2 CR1 Polynominal 
0 О х16б+х12+х5+1 (CCITT v.41) 
0 1 x16 + x15 + x2 + 1 (САС-16) | 
1 0 x8+1 |... (VRC/LRC)* 
1 1  Notused. 


*VRC: Odd-parity check is performed on each 
character including the LRC character. 
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. INPUT/OUTPUT FUNCTIONS 
MPU INTERFACE | 


Transfer of data between the MPCC and the System bus involves. | E 


` the following signals: 


R68561 | R68560 
Address Lines А1-А4 АО-А4 
Data Lines 00-015 00-07 
Read/Write R/W R/W 
Data Transfer Acknowledge DTACK DTACK 
Chip Select | CS Que CS 
Data Strobes . UDS and LDS DS 


Figures 10 and 11 show typical interface connections. 


Read/Write Operation 


The R/W input controls the direction of data flow on the data bus. 
CS (Chip Select) enables the MPCC for access to the internal 
registers and other operations. When CS is asserted, the data 
МО buffer acts as an output driver during a read operation and 
as an input buffer during a write operation. CS must be decoded 
from the address bus and gated with address strobe (AS). 


When the R68561 is connected to the 16-bit bus for operation - 


in the word mode (WD/BYT = 1 in the PSR2), address lines 
А1-А4 select the internal register(s). (the 8-bit control/status 
registers are accesed two at a time and the 16-bit data registers 
are accessed on even address boundaries). When the MPCC is 
selected (CS low) during a read (R/W high), 16 bits of register 
data are placed on the data bus when the data strobes (LDS and 
UDS) are asserted. LDS strobes the eight data bits from the even 
numbered registers to the lower data bus lines (00-07) апа 005 
strobes the eight data bits from the odd numbered registers to 
the upper data bus lines (D8-D15). The MPCC asserts Data 
Transfer Acknowledge (DTACK prior to placing data on the data 
bus. Conversely, when the МРСС is selected (CS low) during 
a write (R/W low) LDS. and 005 strobe data from the DO – 07 
and D8-D15 data bus lines into the addressed even and odd 
numbered registers, respectively, and the MPCC asserts DTACK. 
DTACK is negated when CS в negated. Figures 12 and 13 
show the read and write timing ОЕ. 


When the R68560 is connected to the 8-bit bus for operation in 
the byte mode (WD/BYT = 0 in the PSR2), address lines А0-А4 
select one internal 8-bit register. When the MPCC is selected (CS 
low) during a read (R/W high), eight bits of register да data are placed 
on data bus lines 00–07 when the data strobe (DS) is asserted. 
When the МРСС is selected (CS low) for a write (R/W low), DS 
strobes data from the DO-D7 data lines into the selected register. 


DMA INTERFACE 


The MPCC is capable of providing DMA data.transfers up to 2 
Mbytes per second when used with the MC68440 or MC68450 
DMAC in the single address mode. Based on 4 Mb/s serial data 
rate and 5 bits/character, the maximum DMA required transfer 
rate is 800 Kbytes per second. 


The MPCC has separate DMA enable bits for the transmitter and 
receiver, each of which requires a DMA channel. Both the 
transmitter and receiver data are implicitly addressed (TDR or 
RDR) therefore addressing of the data register is not required 
before data may be transferred. Communication between the 
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MPCC and the DMAC is accomplished by а two-signal 


request/acknowledge handshake. Since the MPCC has only one 


acknowledge input (DACK) for its two DMA request lines, an 
external OR function must be provided to combine the two DMA 
acknowledge signals. The MPCC uses the R/W input to 
distinguish between the Transmitter Data Service Request (TDSR 
acknowledge and the Receiver Data Service Request (RDSR) 


. acknowledge. 


Receiver DMA Mode 


The receiver DMA mode is enabled when the RDSREN bit in the 
RCR is set to 1. When data is available in the RxFIFO, Receiver 
Data Service Request (RDSR) is asserted for one receiver clock 
period to initiate the MPCC to memory DMA transfer. The next 
RDSR cycle may be initiated as soon as the current RDSR cycle 
is сорып (.е., а Іші sequence of РАСК, DS, and DTO). 


In response to RDSR assertion, the DMAC sets the R/W line to 
write, asserts the memory address, address strobe, and DMA 
acknowledge. The MPCC outputs data from the RxFIFO to the 
data bus and the DMAC asserts the data strobes. The memory 


_latches the data and asserts ОТАСК to complete the data transfer. 


The DMAC asserts DTC to indicate to the MPCC that data transfer 
is complete. Figure 13 shows the timing reatonships for ШЕ 
receiver ОМА тоде. 


RDSR i is inhibited when either RDSREN is reset to 0 or RRES 
is set to 1 (both in the RCR), or when RESET is asserted. 


Transmitter DMA Mode 


The transmitter DMA mode is enabled when the TDSREN bit in 
the TCR is set to 1. When the TxFIFO is available, Transmitter 
Data Service Request (TDSR) is asserted for one transmitter clock 
period to initiate the memory to MPCC DMA transfer. The next 
TDSR cycle may be initiated as soon as the current TDSR cycle 
is completed. | 


In the transmitter DMA mode, the TxFIFO Is implicitly addressed. 
That is, when the transfer is from memory to the TxFIFO, only 
the memory is addressed. In response to TDSR assertion, the 
DMAC sets the R/W line to read, asserts the memory address, 
the address strobe, the data strobes and DMA acknowledge. The 
memory places data on the data bus and asserts DTACK. Data 
is valid at this time and will remain valid until the data strobes 
are negated. The DMAC asserts DTC to indicate to the MPCC 
that data is available. The MPCC loads the data into the ТхҒІҒО 
on the negation (rising edge) of DS and the transfer is complete. 
A timing diagram for the transmitter DMA Mode is shown in 
Figure 15. 


TDSR is inhibited when either TDSREN is reset to 0 or TRES 
is set to 1 (both in the TCR), or when RESET is asserted. 


DONE Signal 


When the DMA transfer count is exhausted in transmitter DMA 
mode, the DMAC asserts DONE which sets the TLAST bit in the 
TCR to indicate that the last word/byte has been transferred. In 
the receiver DMA mode, DONE is asserted by the MPCC when 
the last character of the frame/block is being transferred from the 
RxFIFO to the data bus if the DONEEN bit is set to a 1 in the RCR. 
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INTERRUPTS 


If an interrupt generating status occurs and the interrupt is 
‘enabled, the MPCC asserts the IRQ output. Upon receiving IACK 
for the pending interrupt request, the MPCC places an interrupt 
vector on 00–07 data bus and asserts DTACK. 


The MPCC has three vector registers: Receiver Interrupt Vector 
Number Register (RIVNR), Transmitter Interrupt Vector Number 
Register (TIVNR), and Serial Interrupt Vector Number Register 
(SIVNR). The receiver interrupt has higher priority over the 
transmitter interrupt, and the transmitter interrupt has priority over 
the serial interface interrupt. For example, if a pending interrupt 
request has been generated simultaneously by the receiver and 
the transmitter, the Receiver Interrupt Vector Number (RIVN) is 
placed оп 00-07 when acknowledged by the MPU. Upon com- 
pletion of the first interrupt request cycle (which clears the receiver 
interrupt), IRQ will remain low to start the transmitter interrupt 
cycle. IRQ is negated by clearing all bits set in a status register 
that could have caused the interrupt. 


A timing diagram for the interrupt acknowledge sequence is 
shown in Figure 15. 


SERIAL INTERFACE 


The МРСС is a high speed, high performance device supporting 
the more popular bit and character oriented data protocols. The 
lower speed asynchronous (ASYNC) and isochronous (ISOCH) 
modes are also supported. An on-chip clock oscillator and baud 
rate generator provide an output data clock at a frequency of DC 
to 4 MHz. The clock can also be used in the ASYNC mode to 
provide a receive clock for the incoming data. The serial inter- 
face consists of the following signals: 


RTS (Request to Send) Output 


The RTS output to the DCE is controlled by the RTSLVL bit in 
the SICR in conjunction with the state of the transmitter section. 
When the RTSLVL bit is set to 1, the RTS output is asserted. 
When the RTSLVL bit is reset to 0, the RTS output remains 
asserted until the TxFIFO becomes empty or the end of the 
message (ог frame), complete with CRC code if any, has been 
transmitted. RTS also is negated when the RTSLVL bit is reset 
during transmitter idle, or when the RESET input is asserted. 


CTS (Clear to Send) Input 


The CTS input signal is normally generated by the DCE to indi- 
cate whether or not the data set is ready to transmit data. The 
CTST bit in the SISR reflects the transition status of the CTS input 
while the CTSLVL bit in the SISR reflects the current level. A 
positive transition on the CTS pin asserts IRQ if the CTS IE bit 
in the SIER is set. The CTS input in an inactive state disables 
the start of transmission. 


DCD (Data Carrier Detect) Input 


The DCD input signal is normally generated by the DCE and indi- 
cates that the DCE is receiving a data carrier signal suitable for 
demodulation. The DCDT bit in the SISR reports the transition 
status of the DCD input while the DCDLVL bit in the SISR con- 
tains the current level. A positive transition on the DCD pin asserts 
the IRQ output if the DCD IE bit in the SIER is set. A negated 
DCD input disables the start of the receiver. 
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DSR (Data Set Ready) Input/RSYN Output 


The DSRT input from the DCE indicates the status of the local 
set. The DSRT bit in the SISR contains the transition status of 
the DSR input while the DSRLVL bit in the һе SISR. reports the 
current level. А negative transition on the DSR pin asserts the 
IRQ output if the DSR IE bit in the SIER is set. 


When the RSYN bit in the RCR is set to 1, the frame synchroniza- 
tion signal (RSYN) in the receiver is output on the DSR pin. In 
this mode, DSR output low indicates detection of SYN in BSC 
or COP, or an address match in BOP. 


DTR (Data Terminal Ready) Output 


The ОТА output is general purpose in nature and can be used 
to control switching of the ОСЕ. The ОТА output is controlled by 
the DTRLVL bit in the SICR. 


TxC (Transmitter Clock) Input/Output | 


The transmitter clock (TxC) may be programmed to be input or 
an output. When the TCLKO control bit in the CCR is set to a 
1, the TxC pin becomes an output and provides the DCE with 
a clock whose frequency is determined by the internal baud rate ` 
generator. When the TCLKO control bit is reset, TxC is an input 
and the transmitter shift timing must be provided externally. The 
TxD output changes state on the negative-going edge of the 
transmitter clock. In the asynchronous mode when TCLKO = 0 
in the CCR, the TxC input frequency must be two times the 
desired baud rate. 


TxD (Transmitted Data) Output 


The serial data transmitted from the MPCC is coded in NRZ or 
NRZI (zero complement) data format as selected by the NRZI con- 
trol bit in the SICR. | 


RxC (Receiver Clock) Input 


The receiver latches data on the negative transition of the RxC. 


RxD (Received Data) Input 


The serial data received by the MPCC can be coded in NRZ or 
NRZI data format. The MPCC will decode the received data in 
accordance with the NRZI control bit setting in the SICR. 


Serial Interface Timing 


The timing for the serial interface clock and data lines is shown 
in Figure 18. The MPCC supports high speed synchronous opera- 
tion. As shown, the TxD output changes with the negative-going 
edge of TxC and the received data on RxD is latched on the 
negative edge of RxC. This assures high speed two-way opera- 
tion between two MPCCs connected as shown in Figure 17. 


For low speed operation between the MPCC and a modem or 
RS-232C Data Communications Equipment (DCE), an inverter can 
be used in the TxC output lines as shown in Figure 17. RS-232 
and RS-423 (covering serial data interface up to 100K baud) 
require that data be centered +25% about the negative-going 
edge of the RxC. This criteria is met for frequencies up to 1.25 


-MHz using the inverter. Use of the inverter also allows MPCC 
-to MPCC operation up to 2.17 MHz. 
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SERIAL COMMUNICATION MODES 
АМО PROTOCOLS 


ASYNCHRONOUS AND ISOCHRONOUS MODES 


Asynchronous and isochronous data are transferred in frames. 
Each frame consists of a start bit, 5 to 8 data bits plus optional 
even or odd parity, and 1, 172, or 2 stop bits. The data character 


is transmitted with the least significant bit (LSB) first. The data 


line is normally held high (MARK) between frames, however, a 
BREAK (minimum of one frame length for which the line is held 
low) is used for control purposes. Figure 4 illustrates the frame 
format supported by the MPCC. 


Asynchronous Receive 


In the asynchronous (ASYNO) mode, data received on RxD occurs 
in three phases: (1) detection of the start bit and bit synchro- 
nization, (2) character assembly and optional parity check, and 
(3) stop bit detection. The receiver bit stream may be synchro- 
nized by the internal baud rate generator clock or by an external 
clock on RxC. When RCLKIN in the CCR is set to 0, an external 
clock with a frequency of 16, 32, or 64 times the data rate 
. establishes the data bit midpoint and maintains bit synchroniza- 


ASYNCHRONOUS FRAME FORMAT 


tion. The character assembly process does not start if the start 
bit is less than one-half bit time. Framing and parity errors are 
detected and buffered along with the character on which errors | 
occurred. They are passed on to the RxFIFO and set appropriate 
status bits in the RSR when the character with an error reaches 
the last RxFIFO register where it is ready to be transferred onto 
the data bus via the RDR. 


Isochronous Receive 


In the isochronous (ISOC) mode, a 1 times clock on RxC is 
required with the data on RxD and the serial data bit is latched 
on the falling edge of each clock pulse. The requirement for the 
detection of a valid start bit, or the beginning of a break, is satisfied 
by the detection of a high-to-low transition on the serial data input 
line. Error detection and status indication are the same as the 
asynchronous mode. | 


Asynchronous and Isochronous Transmit 


In asynchronous and isochronous transmit modes, output data 
tansmission on TxD begins with the start bit. This is followed by 
the data character which is transmitted LSB first. If parity genera- 
tion is enabled, the parity bit is transmitted after the MSB of the 
character. | 


77 И 
DATA | | 11 | | | 1 
———L—— —Y~e. —-— —~—-1L-—--L--4d4 oe ee жак; 


START LBS 


MSB | PARITY | STOP 
(ОРТ) | (1, 1%, OR 2 BITS) | _ 


—— 5 ТО 8 BITS _ 


ISOCHRONOUS FRAME FORMAT 


Ба eames кін aa селеу зей еш 
| | | 


NW -о-------------- 


СТАРТ LBS | 


PEREDE 5 TO 8 BITS 


быз (рене 


MSB | PARITY | STOP 
(ОРТ) (1 OR 2 BITS) 


| 


Figure 4. Asynchronous and isochronous Frame Format 
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SYNCHRONOUS MODES | 

In synchronous modes, a one-times clock is provided along with 
the data. Serial output data is shifted out and input data is latched 
on. the falling edge of the. clock. | 


BIT ORIENTED PROTOCOLS (BOP) 


In bit oriented protocols (BOP), messages (data) are transmitted 
and received in frames. Each frame contains an opening flag, 
address field, control field, frame check sequence, and a closing 
flag. A frame may also contain an informátion field. (See Figure 5). 


The opening flag is a special character whose bit pattern is 


01111110. It marks the frame boundaries and is the interframe - 


fill character. The address field of a frame contains the address 
of the secondary station which is receiving or responding to a 
command. The address field may be one or more bytes long. The 
address field can be extended by setting the ADDEX bit to a 1 
in PSR1. In this case, the address field will be extended until the 
occurrence of an address byte with a 1 in bit O. Up to two bytes 
of the address field may be automatically checked when the 
MPCC is programmed to be a secondary station in BOP. An 
automatic check for global (11111111) or null (00000000) address 
is also made. The control field of one or two bytes is transparent 
to the МРСС and sent directly to the host without interpretation. 


The optional information field consists of 8-bit characters. Cyclic 
redundancy checking is used for error detection and the CRC 
. remainder resulting from the calculation is transmitted as the 
frame check sequence field. For BOP, the polynomial X16 * x12 
+ X5 + 1 (CRC-CCITT) should be used, i.e., selected in the 
CRC SEL bits in the ECR. The registers representing the 
_ CRC-CCITT polynomial are generally preset to all 1s, and the 1s 

complement of the resulting remainder is transmitted. (See 
X. 25 Recommendation.) | | 


Zero insertion/deletion is employed to prevent valid frame data 
from being confused with the special characters. A 015 inserted 
by the transmitter after every fifth consecutive 1 in the data stream. 


These inserted zeros are removed by the receiver to restore the - 


data to its original form. The inserted zeros are not included in 
the CRC calculation. | 


` CONTROL 


FLAG 
01111110 


‚ ADDRESS 


1ORN.. 1 OR 


Multi-Protocol Communications Controller (MPCC) 


The end of the frame is determined by the detection of the closing 
Flag special character which is the same is the opening Flag. 


With the control options offered by the MPCC, commonly used 
bit oriented protocols such as SDLC, HDLC and X.25 standards 
can be supported. Figure 6 compares the requirements of these 
options. | 


BOP Receiver Operation 


In BOP, the receiver starts assembling characters and accumu- 
lating CRC immediately after the detection of a Flag. The receiver 
also continues to search for additional Flag, or Abort, characters 
on a bit-by-bit basis. Zero deletion is implemented in the Receiver 
Shift Register after the Flag detection logic and before the CRC 
circuitry. The receiver recognizes the shared flag (the closing flag 
for one frame serves as the opening flag for the next frame) and 
the shared zero (the ending O of a closing flag serves as the begin- 
ning 0 of an opening flag forming the pattern 
“011111101111110.” 


Character assembly and CRC accumulation are stopped when 
a closing Flag or Abort is detected. The CRC accumulation in- 
cludes all the characters between the opening Flag and the clos- 
ing Flag. The contents of the CRC register are checked at the 
close of a frame and the C/PERR bit in the RSR is updated. The 
FCS and the Flag are not passed on to the RxFIFO. _ 


И the Flag is a closing flag, checks for short frame (no control 
field) and CRC error conditions are made and the appropriate 


Status is updated. When an Abort (seven 1s) is detected, the re- 


maining frame is discarded and the ВА/В bit is set in the RSR. 
When a link idle (15 or more consecutive 1s) is detected, the RI- 


. DLE status bit is set in the RSR. The zeros that have been inserted 


to distinguish data from special characters are detected and 
deleted from the data stream before characters are assembled. 
The MPCC programmed as a secondary station provides | 
automatic address matching of up to two bytes. If there is no 
address match, the receiver (secondary | station) ignores the 
remainder of the frame by searching. for the Flag. If there is a 
match, the address bytes are transferred to the RxFIFO as they 
are assembled. 


INFORMATION 
N BYTES 


FCS 
2 BYTES 


FLAG 
01111110 


BYTES. _ 2 BYTES 
Figure 5. 
IBM SDLS FRAME FORMAT 


CONTROL | 
1 BYTE 


FLAG 
01111110 


ADDRESS 
1 BYTE . 


INFORMATION 


(OPTIONAL) 


_ Bit Oriented Protocol (BOP) Frame Format _ 


FCS 


| FLAG 
_ 2 BYTES 


N BYTES 01111110 


- ADCCP/HDLC FRAME FORMAT 


CONTROL 
1 OR 


ADDRESS 
N BYTES 


FLAG 


01111110 


- INFORMATION 


FCS 
2 BYTES 


FLAG 


N BYTES 01111110 


2 BYTES 


Figure 6. 
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For the control field, one or two bytes are assembled and passed 
on to the RxFIFO depending on the state of the extended con- 


.. trol field bit. 


If the CFCRC bit in the ECR is set о 1, ап intermediate CRC 
check will be made after the address and control field. The Frame 
Check Sequence is still calculated over the remainder of the 
frame. | 


ВОР Transmitter Operation 
In BOP, the TxFIFO can be preloaded through. the TDR while 


the transmitter is disabled (T EN = 0 in the TCR). When the 


transmitter is enabled (TEN = `1. in the TCR), the leading Flag 
(ds automatically sent prior to transmitting data from the TxFIFO. 
The TDRA bit is set to 1 in the TSR as long as TxFIFO is not 
full. If an underrun occurs, the. TUNRN bit in the TSR is set to 
a 1 and an Abort (11111111) is transmitted followed by continuous 
Flags or marks until a new sequence is initiated. 


The TLAST bit in the TCR must be set prior to loading the last 


character of the message to signal the transmitter to append the 
two-byte Frame Check Sequence (FCS) following. the last 
character. If the transmitter DMA mode is selected (the TDSREN 
. bit set to 1 in the TCR) the TLAST bit is set by the DONE signal 
from the DMAC. 


A message may be terminated at dry time by seting the T ABT 
bit in the TCR to 1. This causes the transmitter to send an Abort 


character followed by the remainder of the current frame data 


in the PAFO: 


The serial data from the Transmitter Shift Register is continuously 
monitored for five consecutive 15, апа а 0 5 inserted in the data 


stream each time this condition occurs (excluding Flag and Abort ! 


characters). 


CRC accumulation begins with the first non-Flag character and 

includes all subsequent characters. The CRC remainder is 
transmitted as the FCS following the last data character. If the 
. CTLCRC bit in the ECR is set to 1, an intermediate CRC 
remainder is appended after the Address and Control field. The 
final Frame Check Sequence is calculated over the balance of 
the frame. 


BISYNC (BSC) 


The structure of messages utilizing the IBM Binary Synchronous 


Communications (BSC) protocol, commonly called Bisync, is 
shown in Figure 7. The MPCC can process both transparent and 
nontransparent messages using either the EBCDIC or the ASCII 
codes. The CRC-16 polynomial should be selected by setting the 


appropriate CRCSEL bits in the ECR for both transparent and _ 


LEADING PAD 


1 BYTE 


non-transparent EBCDIC апа for transparent ASCII coded 


_ messages. VRC/LRC should be selected for non-transparent 


ASCII coded messages. BSC messages are formatted using 
defined data-link control characters. Data-link control characters 
generated and recognized by the MPCC are listed in Table 4. 


Table 4. BSC Control Sequences КЕНЕН 
-in CRC Accumulation. 


Command. Byte 2 Е. 


SYN 


SOH | 
| STX 
ЕОВ ETB) 


Note: *Programmable 


A heading is a block of data starting with an SOH and containing 
one or more characters that are used for message control (e.g., · 
message identification, routing, and priority). The SOH initiates 
the block-check-character (BCC) accumulation, but is not included 
in the accumulation. The heading is terminated by STX when it 
is part of a block containing both heading and text. A block con- 
taining only a heading is terminated with an ITB or an ETB 
followed by the BCC. Only the first SOH or STX in a transmis- 
sion block following a line turnaround causes the BCC to reset. 
All succeeding STX ог ЗОН characters are included in the BCC. 
This permits the entire transmission (excluding the first SOH or 
STX) to De block-checked. | 


Тпе text data 15 ео in complete units called messages, 


which are initiated by STX and concluded with ETX. A message 


can be subdivided into smaller blocks for ease in processing and 
more efficient error control. Each block starts with STX and ends 
with ETB (except for the last block of a message, which ends with 
ETX). A single transmission can contain any number of blocks 
(ending with ETB) or messages (ending with ETX). An EOT follow- 
ing the last ETX block indicates a normal end of transmission. 
Message blocking without line turnaround can be accomplished 
by using ITB (see the Additional Data Link и. section, _ 


ЭВМ GA 21-90042) 


. TRAILING 
PAD 


(AR1) 


11111111 


Figure 7. BSC Block Format 
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E 


CONTROL/RESPONSE BLOCKS: 


LEADING | E M ) E RN FOLLOW- 


PAD SYN N т іме | | | ADDRESS Е ING BAD 


POLLING OR SELECTION 


LEADING FOLLOW- 


POSITIVE ACKNOWLEDGEMENT 


FOLLOW- 


ING PAD 


NEGATIVE ACKNOWLEDGEMENT 


HEADING AND TEXT BLOCKS: - o | MEE 
| RESET Bcc —»|——— —— — — INCLUDED IN Biete 


LEADING __ - | taka = „Басе FOLLOW- 
PAD | ЕК E: E | ИК ла ING PAD 


HEADING ONLY 


RESET LE INCLUDED IN BCC TEA с |-нешово ІМ iB А 


HEADING 


LEADING 
PAD 


NONTRANSPABENT HEADING AND TEXT 


INCLUDED ІМ вос" ——} 


RESET BCC- NCLUDED IN N Bcc» 


LEADING 
PAD 


TRANSPARENT TEXT = its | _ —. *DLE EXCLUDED FROM ВСС CALCULATION 


Figure 8. BSC Message Format Examples 


ING PAD |. 


FOLLOW-| 
ING PAD |. 


19989 ‘099894 


(Odd) зәподиоо зиодедипшшоо |ооојола -NINN | 
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г. Two modes of data transfers are used in BSC. In non-transparent 
_ mode, data link control characters may not appear as text data. 


In transparent mode, each control character is preceded by a data 
link escape (DLE) character to differentiate it from the text data. 
Table 5 indicates which control characters are excluded in the 
CRC generation. All characters not shown in the table are included 
in the CRC generation. Figure 8 shows various formats for 
Control/Response Blocks and Heading and Text Blocks. 


Table 5. BSC Control Sequences — Inclusion 
| іп САС Accumulation 


| j | Included т САС Accumulation 
нана — 3 T е _ 


DLESYN 
. DLESOH 
7 DLESTX 
DLE 

DLE 
DLE(DLE) 


rent heading 


(DLE)DLE 


* № not preceded within the same block by transpa 
information. 


BSC Receiver Operation. 


Character length defaults to eight bits in BSC mode. When ASCII 
is selected, the eighth bit is used for parity provided that VRC/LRC 
polynomial is selected. Character assembly starts after the receipt 
of two consecutive SYN characters. Serial data bits are shifted 
through the Receiver Shift Register into the Serial-to-Parallel 
Register and transferred to the RxFIFO. The RDA status bit in 
the RSR is set to 1 each time data is transferred to the RxFIFO. 
The SYN character in non-transparent mode and DLE-SYN pairs 
in transparent mode are discarded. 


The receiver starts each block in the non-transparent mode. | 
switches to transparent mode if a block begins with a DLE-SOH 
or DLE-STX pair. The receiver remains in transparent mode until 
a DLE-ITB, DLE-ETB, DLE-ETX or DLE-ENQ pair is received. 
BCC accumulation begins after an opening SOH, STX, or DLE- 
STX. SYN characters in non-transparent mode or DLE-SYN pairs 
in transparent mode are excluded from the BCC accumulation. 
The first DLE of a DLE-DLE sequence is not included in the BCC 
accumulation and is discarded. The BCC is checked after receipt 
of an ITB, ETB, or ETX in non-transparent mode ог DLE-ITB, DLE- 
ETB, DLE-ETX in transparent mode. If a CRC error is detected, 
the C/PERR and EOF bits in the RSR are set to 1. If no error 


LEADING PAD 
5-8 BITS 


is detected only the EOF bit is set. If the closing character was 
an ITB, BCC accumulation and character assembly starts again 
on the first character following the BCC. 


BSC Transmitter Operation 


BSC transmission begins with the sending of an opening pad. 
(PAD) and two sync (SYN) characters. These characters are pro- 
grammable and stored in AR1(PAD) and AR2(SYN). SOH or STX 
initiates the block-check-character (BCC) accumulation. An initial 
SOH or STX is not included in the BCC accumulation. Should 
an underrun condition occur, the content of AR2 (normally SYN 
character) is transmitted until new characters become available. 
The message is terminated by the transmission of the BCC 
followed by a closing pad when an ETB, ITB, or ETX is fetched 


from the TxFIFO. The closing PAD is generated by the MPCC. 


In transparent mode, the BCC accumulation is initiated by DLE- 
STX and is terminated by the sequences DLE-ETX, DLE-ETB, 
or DLE-ITB. See Table 5 for character sequence and inclusion 
in CRC accumulation. If an underrun occurs, DLE-SYN characters 
will be transmitted until new characters are available in the 
TxFIFO, ETC, ЕТХ, ITB, ог ENQ with а TLAST tag is treated as 
a control character and the MPCC automatically inserts a DLE 
immediately preceding these characters, DLE-ETB, DLE-ETX, 
DLE-ITB, or DLE-ENQ terminates a block of transparent text, and 
returns the data link to normal mode. BCC generation is not used 
for messages beginning with characters other than ЗОН, ТХ, 
DLE-SOH, or DLE-STX. On all message types, if the TSYN bit . 
is set to 1 in the TCR, а SYN-SYN (DLE-SYN sequence on 
transparent messages) sequence is transmitted before the next 
character is fetched from the TxFIFO. | 


CHARACTER ORIENTED PROTOCOLS 


The character oriented protocol (COP) option uses the format 
shown in Figure 9. It may be used for various character oriented 
protocols with 5-8 bit character sizes and optional parity check- 
ing. The input data is checked on a bit-by-bit basis for a pair of 
consecutive SYN characters to establish character synchroniza- 
tion. These SYN characters are discarded after detection. The 
PAD and SYN characters may be 5-8 bits long and are user pro- 
grammable as stored in AR1 and АН2, respectively. 


If parity checking is enabled the characters assembled after 
character sync are checked for parity errors. If STRSYN is set 
in the RCR, all SYN characters detected within the message will 
be discarded and will not be passed on to the RxFIFO. If STRSYN 
is reset, SYNs detected within the message will be treated as data. 


MESSAGE 
5-8 BIT CHARACTERS 


(АВ1) 


Figure 9. Character Oriented Protocol Format 
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ОМАС 


Typical interface to 68000-Based System 


(EVEN) 


| 7445138 
Figure 10. 


CLOCK 
osc — 


NOTE: UDS MAY BE TIED LOW (GROUND). 
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Typical Interface to 68008-Based System 


Figure 11. 
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00-015 


ZZ Е BAN 
пара ® 


1. ВУТЕ Е MODE WHEN CONNECTED TO А0 i0 ON 68008 BUS. 

2. WORD MODE WHEN CONNECTED ТО UDS ON 68000 BUS. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND AHIGH VOLTAGE 
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 12. MPCC Read Cycle Timing 


00-015 


МОТЕ5: 

1. BYTE MODE WHEN CONNECTED TO А0 ОМ 68008 BUS. 

2. WORD MODE WHEN CONNECTED TO UDS ON 68000 BUS. 

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. | 


Figure 13. MPCC Write Cycle Timing 
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INTERNAL 
RECEIVER 
CLOCK 
(BAUD RATE) 


HIGH FOR 1 CLOCK 
PERIOD MINIMUM 


ASSERTED FOR 1 CLOCK CYCLE 


NOTES: 

1. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS UNLESS OTHERWISE NOTED. 

2. WORD MODE ONLY. 


Figure 14. MPCC to Memory DMA Transfer Cycle Timing (Receiver DMA Mode) 
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INTERNAL 
TRANSMITTER 
CLOCK 

(BAUD RATE) 


TDSR | HIGH FOR 1 CLOCK 
ASSERTED FOR 1 CLOCK CYCLE 


avance „г 


PERIOD MINIMUM 


LDS/DS 
UDS/A02 


P (2) — Q2 


NOTES: 

1. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS UNLESS OTHERWISE NOTED. 

2. WORD MODE ONLY. 


Figure 15. Memory to MPCC DMA Transfer Cycle Timing (Transmitter DMA Mode) 


1-109 


R68560, R68561 22 Multi-Protocol Communications Controller (MPCC) 


LDS/DS 


4 INTERRUPT VECTOR 


NOTES: | 

1. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 
VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 

2. IRQ IS NEGATED WHEN ALL BITS IN STATUS REGISTERS THAT COULD HAVE CAUSED THE INTERRUPT 
ARE CLEARED. | 


Figure 16. Interrupt Request Cycle Timing 


MODEM/DCE 


Rx TIMING (DD) 
Rx DATA (BB) 
Tx TIMING (DA) 
Tx DATA (BA) 


HIGH SPEED INTERFACE LOW SPEED (RS-232) INTERFACE 


Figure 17. Serial Interface 
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HIGH SPEED APPLICATION | HE " 2 әш Ч 
све CN 
<a = @ @ 


ЕБ 555 A CRO Е оо Ж TNZ. 


LOW SPEED APPLICATION (RS-232 COMPATIBLE) 


-—- RxC (TxC) 


Figure 18. Serial Interface Timing 


NOTE: | 
TIMING MEASUREMENTSS АНЕ REFERENCED ТО AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE 
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 19. Serial Interface Echo Mode Timing 
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AC CHARACTERISTICS 


[a] patos Vale 1 08, DS tow ERN | ыы | 

CS Low to DTACK Low ББА | 
| ___ 40. | __ 65. DS Low to Data Valid. | 
Ts 6. genre vad — | wen 
CS, DS High to Address Invalid AE БЕТ ЕН 
БЕКІ” ЛІГІ. ны ее 


10 


-— 


50 


| SEEN NE CS, DS High to Data Invalid 
BEIDE DS High to Data Invalid 


DTC Low to DS High — — 
__БАСК Low to Data Valid, DONE Low 


г DS High to Data Invalid ` <= 
ГАСК Low to DTACK Low 


О» [BACK High to DONE High | e 


Data Valid to DS High 


[| з | TACK High to DTACK High 
ЕСЕН . ВХС and TxC Period 


DS High to Data Invalid | | 


1. For read cycle timing, the MPCC asserts DTACK within the MPU 54 clock low setup time requirement and establishes 
valid data (Data In) within the MPU S6 clock low setup time requirement. 
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ABSOLUTE MAXIMUM RATINGS* 


С таме Дива ше [шш 
бирріу Voltage | Ме | -0.3 to +7.0 Ей 
Input Voltage | Ми | -0.3 to 47.0 EN 
Operating Temperature Range НИ 0 to +70 
Storage Temperature 2 -55 to +150 


THERMAL MM. 


Thermal Resistance 
Ceramic 
Plastic 


OPERATING CONDITIONS 


Усс Power Supply __ 5.0V t5% 2 
Operating Temperature 0°C to 70°С 


DC CHARACTERISTICS 
(Vcc = 5.0 Мас £596, Vss = 0 Мас, ТА = 


Parameter 


Input High Voltage 
С All Inputs 


Input Low Voltage 
All Inputs 


Input Leakage Current (Мм = 
R/W, RESET, CS 


Three-State (Off State) Input Current (Ум = 
IRQ, ОТАСК, 00-015 


Output + High Voltage 
· RDSR, TDSR, IRQ, ОТАСК, 00-015, DSR, ОТВ, RTS, 
TxD, TxC 


0 to 5.25V) 


0.4 to 2.4) 


Output Low Voltage. 
RDSR, TDSR, ІНО, DTACK 00-015, DSR, DTR, RTS, 
TxD, TxC, BCLK, 


Internal Power Dissipation 


· Input Capacitance 
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*NOTE: Stresses above those listed under ABSOLUTE MAX- 


IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. | | 


09С to 70°С unless otherwise noted) 


_ Mec = 4.75У 


одр = 3.2 mA 
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40-PIN PLASTIC DIP 
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R68802 


PRE LIMINARY 


DESCRIPTION 


Тһе В68802" Local Network Controller (LNET) implements the 
IEEE 802.3 CSMA/CD Access Method local network standard. 
‚Моге generally, it is designed to support a variety of local net- 
work designs with varying performance requirements. 


The basic function of the LNET is to execute the CSMA/CD 
algorithm, perform parallel-to-serial and serial-to-parallel con- 
versions of the 10M bps packet data stream, and assemble and 
disassemble the packet format. In addition, the LNET provides 


the necessary asynchronous handshake signals to the 68000 


family processors, the required DMA interfaces, and the proper 
interface to the Manchester Interface (MI) component(s) used 
to connect the LNET to an IEEE 802.3 defined Media Attach- 
ment Unit (MAU). 


The controller can interface data terminal equipment to local 
networks with differing performance requirements. At the high 
end, the R68802 meets the IEEE 802.3 10M bps specification 
and supports the implementation of ISO layers one and two. For 
low cost networks, the controller can be run at greatly reduced 
data. rates and inexpensive system components (drivers, cables, 
etc. ) may be selected. 


The СМЕТ controller implements a protocol known as Carrier _ 


Sense Multiple Access with Collision Detection (CSMA/CD), 
which allows. multiple Data Terminal Equipment to share the 
same соттипісайоп medium without the need for a central 
arbiter of medium utilization. 


Ethernet rodes needing to transmit wait exactly 9.6 из before 
transmitting data to provide recovery time for other controllers 
and the cable itself. If a collision with another station is detected, 
the transmission is aborted and a jam signal transmitted to alert 
other nodes. Following a jam, the station waits a random amount 
of time based on a Binary Exponential Back-off algorithm before 


retransmitting. Repeated collisions result in repeated retries and. 


an increase in the randomly selected time interval to improve 
trafficking. 


ORDERING INFORMATION 


Part Number 
Temperature Range: 0%С to 70%С 


| В68802 _ 


Package: 
C = Ceramic 
.P = Plastic 


FEATURES 


e Serial data rates as high as 10M bps 


e Compatible with a variety of 8- or 16-bit processors and DMA 


controllers 


Meets the IEEE 802.3 (as well as Ethernet") specifications for 
local networks 


e Interfaces to SEEQ 8002 Manchester Code Converter (MCC) 


Programmable interframe wait times for smaller topologies 
and lower data rates 


CSMA/CD algorithm: 

— Wait before transmit 

— Јат on collision _ 

— Binary exponential backoff 

Programmable 2- or 6-byte address. recognition 
Supports three modes of node self-test 
Programmable disable on reception 

32-bit CRC generation and reception 


` Broadband applications 


TTL compatible I/O 
40-pin DIP 
Single 5V power supply 


"R68802 is a trademark of the Rockwell International Corporation. 
*Ethernet is a trademark of the Xerox Corporation. 
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03017 34 C SIGQUAL 
04018 33 SENSE 
0509 32) RXCLK 
D6 c] 10 31 7 RXDATA 
D7 C3 11 30 7 МООР 
0812 — TXREG 
09 13 28 ВХВЕО 
D10 1 14 27 [> DACK 
011 15 26 |-1 DONE 
01201 16 25 L3 IRQ 
D13 C3 17 1 DTACK 
D14 С 18 23-205. 
015 C19 22 1АСК 
CS 120 21 1 GND 
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R/W 
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cs 

DTACK 


DO-D15 


TXREQ 
DONE 
DACK 


RXREQ 


INTERRUPT 


INTERFACE 


BUS 
CONTROL 


EXTERNAL 
DMAC 


INTERFACE 


PARALLEL- 
TO-SERIAL 


32-BYTE 


Е МІ PREAMBLE 4 
TRANSMIT TRANSMIT Төрде Ы РАП ШЕТЕН ЈАМ 
CONTROL FIFO · | СЕМЕНАТОН СЕМЕВАТОВ GENERATOR 


| (TXFIFO) COUNTER | 


| 32-ВҮТЕ : 
RECEIVE RECEIVE ADDRESS т INTERRUPT — 
CONTROL FIFO RECOGNITION IMODE 


(RXFIFO) 


COUNTER 


SERIAL-TO- 
PARALLEL 
REGISTER 


DELIMITER . 
RECOGNITION 


Figure 1. LNET Block Diagram 
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TRANSMIT 

CRC 
TRANSMIT 
MUX 


INTERFRAME 
DELAY 


COUNTER 


TXDATA 


INTERNAL 
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EXPONENTIAL CSMA/CD 
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PIN DESCRIPTION | 


Throughout the. document, signals are. presented using the 
terms active and inactive or asserted and negated independent 
of whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. 
R/W indicates a write is active low and a read active high. 


МАОНЕО 
МАПАУАП.. 
ISOLATE 
ти 
TXDATA 
|| тхем 
| _SIGQUAL 
SENSE 
RXCLK 
` RXDATA 
MILOOP 


AINE ROBORE 
BUS 
CONTROL 


MANCHESTER 
INTERFACE 


CONTROL 


INTERRUPT 
,. CONTROL 


Figure 2. LNET Input and Output Signals 


D0-D15—Data Lines. Тһе bidirectional data lines transfer data 
between the LNET and the MPU, memory or other peripheral 
device. 00-015 are used when connected to the 16-bit 68000 
bus and operating in the word mode. 00-07 are used when con- 
nected to the 16-bit 68000 bus or the 8-bit 68008 bus and 
operating in the byte mode. The data bus is tri-stated when CS 
is inactive. (See exceptions in DMA mode.) 


CS— Chip Select. CS low selects the LNET for programmed 


transfers with the host. The LNET is deselected when the CS 


input is inactive in non-DMA mode. CS must be decoded Нот. 


the address bus and gated with address strobe (AS). 


R/W—ReadMrite. РАМ controls the direction of data flow 


through the bidirectional data bus by indicating that the current 
bus cycle is a read (high) or write (low) cycle. 


DTACK— Data Transfer Acknowledge. DTACK is an active 


low output that signals the completion of the bus cycle. During 
read or interrupt acknowledge cycles, DTACK is asserted by the 
LNET after data has been provided on the data bus; during 
write cycles it is asserted after data has been accepted at the 
data bus. A pull up resistor is required to. maintain DTACK high 
between bus cycles. 


DS—Data Strobe. During a write (R/W low), the DS positive 
transition latches data from the external data bus lines into the 


LNET. During a read (R/W high), DS low enables data from the | 


LNET onto data bus lines. 


IRQ—Interrupt Request. The active low IRQ output ЕВ | 


interrupt service by the MPU. 


| [ACK—Interrupt Acknowledge. The active low. АСК. input 


indicates that the current bus cycle is an interrupt acknowledge 
cycle. When ТАСК is asserted the LNET places an interrupt. 
vector on the lower byte (DO- xL of the data bus. 


DACK—DMA Acknowledge. The БАСК. low. ic input: indicates 


that the data bus has been acquired by the DMAC and that the 
requested bus cycle is beginning. 


DONE—Done. DONE is a bidirectional active low signal. The 
DONE signal is asserted by the DMAC when the DMA transfer 
count is exhausted апа there іѕ по more data to be transferred, 
or is asserted by the LNET when either the last byte of receive 
data is transferred or a collision is detected during a transmission. 


RESET —Reset. The active low, high impedance RESET input 
initializes all LNET functions. RESET must Бе aşseriad for at 
least 500 TXCLKs to initialize the LNET. 


RXREQ —Receive DMA Request. When receive data becomes 
available in the RXFIFO, RXREQ output is asserted and held 
low for 16 (single address burst modey DMAC cycles (16 
sequential DACK pulses) or until the end of the receive block. 
When the last data byte of the receive block is transferred, 
DONE is asserted by the LNET with the last. DACK Strobe and 
the negation of RXREQ. 


-` TXREQ—Transmit DMA Request. When the Transmitter 


Enable БИ 15 set in Command Register 1, TXREQ output is 
asserted and held low for 16 (single address burst mode) DMAC 
cycles. (16 sequential DACK pulses) or until the end of the 
transmit data block as signaled by the DMAC's assertion of 
DONE. 


МІ.ООР--МІ Loopback. With an active MILOOP output, the 
MI shunts its LNET data-in path to its МЕТ data-out: path, 


effectively routing the LNET TXDATA ia into. the LNET 


‚ RXDATA input. . 


RXDATA —Receive Data. The LNET receives serial data ' via 
the RXDATA input. The RXDATA input is shiftéd into the receiver 
on the positive going edge of RXCLK. : 


RXCLK—Receive Clock. The ТИРЕС Аесеме Сіоск рго- 


. Vides the КМЕТ with received data timing information. The. pos- 
‘itive (low-to-high) clock transition enables an ПАРМА bit into 


the LN ЕТ. 


SENSE—Carrier Sense. The active 5 high SENSE: Input indi- 
cates the presence of.data on the RXDATA serial input line. 


“ SIGQUAL—Signal Quality. The assertion of the active high 


SIGQUAL input by the MI indicates an error condition on the 


- medium. During the transmission mode the LNET interprets this | 


as a collision. 


TXEN— Transmit Enable. The active. high TXEN output indi- | 


cates to the м that data is present on the TXDATA output.. 
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_ TXDATA—Transmit Data. The LNET transmits serial data on 
the TXDATA line. The TXDATA output changes on the positive 
going edge of TXCLK. · | m | | | 


TXCLK—Transmit Clock. The Transmit Clock input is а free- 
running clock supplied by the MI that provides both a system 
clock and a means of shifting out serial data bit on the TXDATA 
output line. | | 


ISOLATE—Isolate MAU. The active low ISOLATE output is 
asserted when the Isolate bit in Command Register 1 is set to 
1 to isolate the MAU from the medium. As long as ISOLATE is 
.low, the MAU is unable to transmit or receive on the medium. 


MAUAVAIL—MAU Available. When the active low MAUAVAIL 


input is asserted, the transmission algorithm can proceed. 


 MAUREQ—MAU Request. The active low MAUREQ output is 
asserted prior to transmission if MAUAVAIL is not asserted. 


Vcc — Power. 5 V + 5%. 
GND— Ground. Ground. 


LNET REGISTERS | 


Тһе LNET contains three groups of registers accessible from 
the MPU bus which initialize the LNET, control апа monitor 
LNET operation, and transfer data between the LNET and the 
MPU bus. These register groups, specific registers within each 
group, and the size, access and mode of each register are listed 
in Table 1. TENE Ald о 


All registers, except the Mode Register, may be accessed either 
in the word or byte mode, depending on the MPU data bus 
length (8-bit or 16-bit) and the Word/Byte mode selected in bit 
4 of the Mode Register during initialization. In the word mode, 
. two registers are read or written during one cycle with the least 
significant byte (DO-D7) accessed first. 


Table 1. 


Register Group · Register Мате 


Initialization 
‚ Registers 


` Station Address Register (SAR) 


| Command Register 1 (CR1) ` 
| Command Register 2 (CR2) 


Status Register 1 (SR1) И 
.| Status Register 2 (582) | 
Transmit FIFO Register File (TXFIFO) | 


Receive FIFO Register File (RXFIFO) 


Operating . 
сте "Registers 


Notes: ТҮ | 
1. Second byte of word ignored. 
2. Second byte in word mode ignored. 
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INITIALIZATION REGISTERS | 


The initialization registers contain command information to con- 
figure the LNET for normal operation. The registers are the one- 


byte Mode Register (MR), the one-byte Interrupt Vector Number 


Register (IVNR) and the two- or six-byte Station Address Reg- 
ister (SAR). These registers must be loaded upon RESET (either 
caused by power up or initiated during normal operation) or upon 
setting of the RESET bit in Command Register 1. Any of these 


. conditions reset the СМЕТ by clearing the Mode Register, Sta- 
tion Address Register, Command Registers and Status Regis- 


ters. The Interrupt Vector Number Register is auto-initialized to 


its default value of ЗОР. | l | 


А! initialization registers must be written to by ће MPU instruc- 


‚ tion sequence immediately after a reset іп the manner decribed 


below even if no data is changed in a register. The number of 
bytes written depends upon the number of bytes in the Station . 


. Address as selected in bit 4 of the Mode Register. 


. After the proper number of write cycles have been completed, 


‚ Status Register 2. 


the LNET Initialized bit in Status Register 1 is set and further 


MPU writes to the LNET. will address only Command Register 


‚1 or Command Register 2. All MPU reads of the LNET after 


initialization 15 complete will access only Status Register 1 or 


‘Initialization Procedure for 16-Bit MPU Bus 


Write cycle 1—write the Mode byte on the lower byte of the 
data bus D0-D7. The upper byte is not used and can contain 
any data. | | | | "TM 


Write cycle 2—write the Interrupt Vector Number on the lower 
byte of the data bus 00-07. The upper byte is not used and сап 
contain any data. 


Write cycle 3 or write cycles 3 through 5—write the one- or 
three-word. Station Address (depending on the Station Address 


Size loaded into the Mode Register), least significant words first. 


Interrupt Vector Number Register (IVNR) 
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LNET MPU Bus Accessible Registers 


CS = L, ВАМ = L (write 1 or 3 
sequential words or 2 or 6 
sequential bytes) | i 


|| 32 ТУВЕО +L | DMA Write 


$XX . 


DMA Read 


_ 968802. 


Local Network Controller (LNET) 


Initialization Procedure for 8-Bit MPU Bus 
Write cycle 1—write the Mode byte on the data bus. 


Write cycle 2—write the Interrupt Vector Number on the data 
bus. 


Write cycles 3 through 4 or 3 through 8—write the two- or six- 
byte Station Address (depending on the Station Address Size 
loaded into the Mode Register), least significant bytes first. 


Mode Register (МА) 


ЖЕРІ ЕЯ ИГЕ СТ БСШ КЕР 


The Mode Register sets conditions during initialization for use 
during normal operations. It must be the first byte written during 
initialization. All! mode bits are active high, i.e., — 1. All bits are 
cleared upon RESET or setting the RESET bit to 1 in Command 
Register 1. 


MR IFWT —lInterframe Wait Time 
7-5 Мо. of TXCLKs 
000 16. 
001 32 
010 48 
011 · 64 
100 80 
101 96 
110 112 
111 128 
MR 
4 BYTE --Райа Bus Byte Mode 
0 Select word mode (for use with 16-bit MPU bus). 
1 _ Select byte mode (for use with 8-bit MPU bus). 
MR 


3 INTCOL —Interrupt on Collision 
0 Assert only DONE on collision. 
1 Assert IRQ and DONE on collision. 


MR 
2 DISRX —Disable Receiver 
0 Enable receiver after each packet reception. 
1 Disable receiver after each packet reception. 


MR 

1 NOLC -—No Length Count 

0 Use length count in packet format. 

1 Do not use length count in packet format. · 
MR 

0 SAS -—Station Address Size 


0 6-byte station address. 
1 2-byte station address. 
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Interrupt Vector Number Register (IVNR) 


Е ера а tet Te 


If an interrupt condition occurs (as reported by bits in Status 
Register 1 and Status Register 2), IRQ is asserted to request 
MPU interrupt service. Upon IACK input assertion, the Interrupt 
Vector Number (IVN) from the Interrupt Vector Number Register 
(IVNR) is placed on the data bus (20-07). The IVN must be the 
second byte initialized during LNET initialization. The IVN is set 
to $0F upon RESET or setting the RESET bit to 1 іп Command 
Register 1. | 


Station Address Register (SAR) 


EIN ИС СНЕС CECI 


The Station Address Register holds the Station Address for the 
Receiver Address Recognition ‘circuitry. The Station Address 
bytes must be written to the LNET following the Interrupt Vector 
Number during the initialization sequence. Either two or six 
bytes must be written, least significant bytes first, depending on 
the station Address Size loaded into the Mode Register, 


OPERATING REGISTERS 


The command or status registers are addressed during an MPU 
write or read, respectively, after initialization is complete as 
indicated by the ЕМЕТ initialized bit in Status Register 1. In word 
mode, both command registers are written during one write 
cycle. Command Register 1 occupies the lower byte of the word. 
Likewise, while reading the status registers in word mode, Status 
Register 1 арыз! the lower ias of the word. 


COMMAND REGISTERS 


Command Register 1 (CR1) 


Command Register 1 controls the operation 9r the xr All 
command bits are active high (ї.е., = 1). | 


cee О OR RON 
RESET| ЕМАХ |ВЕСАШ |М а 


ст 


7 ВЕЗЕТ — Reset | | 
0 Enable LNET operation. - 
1 Reset LNET. | 
Note: The RESET bit is automatically cleared to 0 
upon the completion of the reset sequence. This 
- bit is unaffected by the RESET pin level. — - 
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CR1 
6 ENRX —ЕпаЫе Receiver after Packet Reception 
0 Disable receiver after packet reception. 


1 Enable receiver after packet reception. This bit must be | 


set after each packet is received to enable reception of 
the next packet only if bit 2 in the Mode Register is set 
at initialization. Reception of the packet clears this bit. 


Note: This bit is not used if bit 2 in the Mode Register is 
not set at intitialization. 


CR1 
5 RECALL—Receive All Packets 
0 Receive only addressed packets. The address must 
correspond to the Station Address loaded into the Sta- 
tion Address Register upon initialization. 
1 Receive all packets (regardless of address). 


CR1 
4 NOISOL —No Isolate 
О Assert ISOLATE to the MI to request that the MAU iso- 
late itself from the medium. 
1 Negate ISOLATE to the MI to request that the MAU 
-connect itself to the medium. | 


CR1 
3 MILOOP — Manchester се Loopback Test 
0 Negate MILOOP to command MI normal operation. 
1 Assert MILOOP to command MI loopback operation. 


CR1 ME | 
2 INLOOP —internal МЕТ Loopback Test 
0 Enable LNET normal operation. 

1 Enable LNET internal loopback operation. 

CR1 | 
1 ODDNO —Odd Number of Bytes 
0: Transmit even number of bytes іп a block. 
1 Transmit odd number of bytes in a block. 

CR1 
0 ENMAU —Enable MAUREQ 
0 Negate MAUREQ. 

1 Assert MAUREQ. 


Command Register 2 (CR2) 


e Ге 


This register not presently in use. When programming, $00 
should be written to CR2 to assure future software compatibility. 
In byte mode, $00 must be written to this register following the 
Command Register 1 write cycle. 


STATUS REGISTERS 


The two interrupt driven status registers report the status of the 
LNET receiver and transmitter operations. Status registers cannot 
be polled, they can only be read upon interrupt service by the 
MPU. Status is reported in either discrete or encoded bits. All 
discrete (or non-encoded) status bits are active high (i.e., — 1). 
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A change in any of these status bits causes IRQ to be asserted 
(except as noted). Reading of the status registers resets the 
individual bit or encoded field that caused the IRQ assertion and 
negates IRQ (except as noted). In the byte mode, both status 
registers must be read in consecutive read cycles. 


Status Register 1 (SR1) 


[o so аз te 
Dmm] mes us юеш 


SR1 

7 HRTBT --Неагірегі Absent 

0 Heartbeat present. 

1 Heartbeat absent (part of the transmission algorithm i is 
to listen for the heartbeat before posting transmit status. 
Set concurrent with the transmitter, status field.). The 
Heartbeat test checks the collision detection circuitry by 
listening for a "ping" within seven Ше after the end 
ofa малата 90); 


SR1 
6-4 TXSTAT —Transmitter Status 


000 Transmitter idle. 

001 Transmit successful. 

010 Collision (Assertion of SIGQUAL within the first 512 bit 
times causes DONE, or DONE and IRQ, to be asserted 
depending on the state of MR bit 3). . 

011 Signal Quality error (SIGQUAL asserted after the first 
512 bit times). 

100 Transmit retry count exceeded. 

101 Transmit buffer underflow during transmission (indi- 
cates the TXFIFO emptied between the 16th data byte 
delivered for transmission and the assertion of DONE). 

110 Transmit in progress (indicates the real time activity of 
the TXDATA pin. This state does not set the TRQ bit in 
582 nor cause IRQ to be asserted. This bit pattern is 
not reset to the transmitter idle pattern upon reading 
SH1. | 

111 MAUAVAIL changed state during transmission. 

SR1 | | 

3 ODD  —Odd Number of Receive Bytes 


0 Even number of bytes in the receive packet. 
1 Odd number of bytes in the receive packet. 


SR1 

2-0 RXSTAT —Receiver Status 

000 Receiver idle. 

001 Receive successful. 

010 Minimum packet size error. 

011 . Receive buffer overflow. · 

100 Frame terminated on a non-byte boundary error. 

101 Frame Check Sequence (FCS) error. 

110 > Receive in progress (indicates a valid address has been 


recognized and DONE has not been asserted. This 
state does not set the IRQ bit in 582 nor cause IRQ to 
be asserted. This bit pattern is not reset to the receiver 
idle pattern upon reading SR1. 


111 Reserved 
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Status Register 2 (SR2) 


ВЕ паста БЕГІН СҮНГ ЗЕЕ 
ка Го [мт [мамл | сошм — 


7 IRQ —Interrupt Request 

0 An interrupt condition has not occurred and IRQ has not 
been asserted. 

1 An interrupt condition has occurred and IRQ has been 
asserted. 


Note: This bit is cleared when SR2 is read and there is 
по pending interrupt condition. 


SR2 
6 —Not used 
0 Always reads zero. 
582 
5 INIT — КМЕТ Initialized | 
0 LNET initialization not complete. 
1 LNET initialization complete (set after the last station 


address byte has been written). 


Note: This bit is cleared upon RESET or RESET bit set 
in Command Register 1. 


SR2 
4 MAUAVAIL—MAU Available 
0 MAU is not available. 
1 MAU is available. 


Note: This bit is not cleared when 582 is read. 


SR2 

3-0 COLCNT—Collision Count 
0000 Zero 

1111 Fifteen 


Note: Reset to zero when the enable MAUREQ bit is set 
in CR1. If Mode Register bit 3 is negated the 
changing count does not generate IRQ interrupts. 


TRANSMIT DATA BUFFER (TXFIFO) 


The Transmit data buffer is а 32-byte FIFO register file (TXFIFO) 
which can be loaded only by DMA service. One half of the 
TXFIFO loads data for transmission via the DMAC; the other 
half holds data currently. being transmitted out serially on 
TXDATA. When the transmitting half is empty it becomes the 
loading half and the current loading buffer becomes the trans- 
mitting half. If the transmitting buffer empties before the loading 
buffer is fully loaded, IRQ is asserted and the transmitter buffer 
underflow bit pattern (101) is set in Status Register 1. 


The time required to load half the transmitter buffer under DMAC 
control must be less than the time it takes to serialize out the 
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transmitting half on TXDATA. From the assertion of TXREQ to 
the end of the 16th DMAC bus cycle, no more than 128 TXCLKs 
can elapse. 


RECEIVE DATA BUFFER (RXFIFO) | 


The Receive data buffer is a 32-byte FIFO register Ше (RXFIFO) 
which can be read only during DMA service. One half of the 
RXFIFO is a receiving buffer for the data from the Serial-to-Par- 
allel Register; the other half is a reading buffer for the data ready 
to be transferred to the MPU bus. As soon as the receiving 
buffer is full, these two halves switched roles. | the receiving 
buffer is fully loaded before the reading buffer is empty, IRQ is 
asserted and the receive buffer overflow bit pattern (011) is set 
in Status Register 1. 


The time it takes to unload the reading buffer under DMAC con- 
trol must be less than the time it takes to load the receiving 
buffer from RXDATA. The loading time is 128 RXCLKs. 


INPUT/OUTPUT FUNCTIONS 


In addition to being directly compatible with the 68000 and the 
68008 MPU's, the LNET supports DMA transfers when used 
with the 68440, 68450, AMZ9516, or AMZ8016 DMA controller. 
The LNET also provides the necessary synchronous signals for 
interfacing to the Manchester Interface device. 


MPU INTERFACE 


Transfer of data between the LNET and the system bus involves 
the following signals: Data Bus DO through D15 and control sin- 
gals consisting of R/W, DTACK, CS, АСК, and DS. 


16-Bit MPU Interface 


When connecting the LNET to the 16-bit 68000 MPU data bus, 
the LNET DS input is connected to the bus LDS line and the 
МЕТ 00-015 data lines are connected їо the bus 00-015 data 
lines (see Figure 4). 


Bit 4 in the Mode Register, left in its default value of 0 during 
initialization, selects the word mode. In the word mode, a read 
of both status registers performed with one word read cycle 
transfers Status Register 1 оп 00-07 апа Status Register 2 on 
D8-D15. A write to the command registers is also accomplished 
in one cycle which transfers Command Register 1 оп 00-07 and 
Command Register 2 on D8-D15. | 


8-Bit MPU Interface 


When connecting the LNET to the 8-bit 68008 MPU data bus, 
the DS input is connected to the bus DS line and the LNET DO- 
D7 data lines are connected to the bus DO-D7 data lines (see 
Figure 5). 


Bit 4 of the Mode Register set to 1 during initialization selects 
byte mode. In the byte mode, reading of the-status registers is 
performed with two consecutive byte read cycles to enable first 


Status Register 1 and then Status Register 2 onto DO-D7. 


Writing to the command registers also requires two consecutive 
byte write cycles with Command Register 1 transferred first fol- 
lowed by Command Register 2. 
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Read/Write Operation 


. The R/W input controls the direction of data flow on the data 
. bus. CS (Chip Select) enables the LNET for access to the 
internal registers and other operations. When CS is asserted 
the data /О buffer acts as an output driver during a read oper- 
ation, and as an input buffer during a write operation. CS must 
be decoded from the address bus and gated with address strobe 
(AS). 


If the LNET is selected (CS = low) for a read (R/W = high), 
data is placed on the data bus from the status register when the 
DS is asserted. The LNET asserts Data Transfer Acknowledge 
(DTACK) concurrent with the output data. 


If the LNET is selected (CS = low) for a write (R/W = low), DS 
strobes data into the selected register and the LNET asserts 
DTACK immediately after DS is asserted. 


DMA INTERFACE 


During receiving or transmitting data from the MPU bus, the 
LNET asserts a receive or transmit request (RXREQ or TXREQ) 
to the ОМАС.:А DMA acknowledge (РАСК) signal is asserted 
in response to RXREQ or TXREQ when the DMAC is ready to 
service the request. Both receive request and transmit request 
share the same DACK pin; therefore, in the case of DMAC 
devices with a DACK for each channel, they must be ORed 
together externally. 


Transmit DMA Request 


In servicing the TXREQ, the DMAC writes to the TXFIFO a byte 
or a word at a time. The TXFIFO input pointer (ТІР) is advanced 
and data latches on the rising edge of DS. 


Receive DMA Request 


In servicing the RXREQ, the DMAC reads from the RXFIFO a 
byte or word at a time. Data is enabled out on the falling edge 
of DACK and the RXFIFO output pointer (ROP) is advanced on 
the rising edge of DACK. The data lines are tri-stated nd 
the rising edge of DACK. 


DONE 


DONE is a bidirectional signal line to or from the DMAC. With 
the AMZ8016 and the AMZ9516, DONE auto-initializes the 


DMAC back to the start of the packet when a collision occurs. 


during transmission. With the 68440, the DONE output is routed 
to the 68440's PCL input after gating with TXREQ line. For the 
68450 it is necessary for the MPU to reinitialize the DMAC on 
collision. 


INTERRUPTS 


The IRQ output asserts when there is status information avail- 
able after the completion of a transmit or receive transaction. 
The MPU grants the interrupt by asserting an interrupt acknowl- 
edge (IACK) signal and reads the interrupt vector when the 
LNET asserts data transfer acknowledge (DTACK). The sub- 
sequent negation of IACK and IRQ preceed MPU interrupt 
processing. 


Local Network Controller (LNET) 
MANCHESTER INTERFACE (MI) SIGNALS 


The abbreviation МІ refers to the Manchester Interface com- 
ponent(s) necessary to interface the LNET to an IEEE 802.3 
specified Media Access Unit (MAU). 


SENSE (Sense Carrier) Input 


The MI asserts SENSE when it has detected a change in Carrier 
Sense from no carrier present to carrier present. SENSE stays 
active as long as carrier is present and is negated when the 
carrier disappears. 


ISOLATE (Isolate Message Request) Output 


Тһе ЕМЕТ asserts ISOLATE to direct the MI to send an Isolate 
message to the MAU. When ISOLATE is negated, the MI sends 
a Normal message to the MAU unless the LNET requires that 
the MAU request message be sent to permit data output. 


MAUREQ (MAU Request) Output 


Тре LNET asserts MAUREQ when CR 1 bit 0 is active. MAU REQ 
stays active and a MAU request message is sent until the end 
of a packet transmission. | 


MAUAVAIL (MAU Available) Input 


The MI asserts MAUAVAIL when an MAU available message 
from the MAU is received. MAUAVAIL is negated when an MAU 
not available message is received from the MAU. 


SIGQUAL (Signal Quality) Input . 
SIGQUAL is asserted by MI when a Signal Quality Error Mes- 
sage is received from the MAU. 


TXEN (Transmission Enable) Output 


The LNET starts a transmission by asserting TXEN and outputs 
serial data on TXDATA which is Manchester encoded by the MI. 
TXEN is active until the end of the transmission. 


RXCLK (Receive Clock) Input 

RXCLK shifts receive data into the LNET and is free running at 
10 MHz, or slower. | 

TXCLK (Transmitter Clock) Input 

The TXCLK is a free running 10 MHz, or slower, clock used to 
clock data into the MI and perform operations in the transmitter. 
MILOOP (MI Loopback) Output 


The MILOOP output signals the MI component(s) that the cur- 
rent data is a test frame and it is to be “looped back” to the 


ОМЕТ instead of being sent to the MAU. 
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LNET FUNCTIONAL DESCRIPTION 


The LNET transmits and receives serial data on an IEEE 802.3 
CSMA/CD Access Method defined communications medium 
and transfers parallel data to and from a host system under pro- 
gram or DMA control according to the IEEE 802.3 data link 
specification. 


Frame Format 


Serial data transfers synchronously between the LNET and the 
МІ within the frame structure for data communications using 
local area network media access control (MAC) procedures. 
Each MAC frame, or packet, consists of eight fields: Preamble, 
Start Field Delimiter (SFD), Destination Address, Source 
Address, Length Count, Data, Pad and Frame Check Sequence 
(FSC). Figure 3 illustrates the frame format. 


The Preamble consists of seven bytes of alternating 1'5 and 0%, 
i.e., 1010... 1010. 


The Start Field Delimiter (SFD) consists of one byte of bit pat- 
tern 10101011 immediately following the Preamble pattern which 
indicates the start of a valid frame. 


The Destination and Source Addresses are either two or six 
bytes in length. Addresses тау be any one of the following 
three types: Station Address, Logical Group, or Broadcast. Log- 
ical Group and Broadcast Addresses are identified by a 1 in the 
first bit position received. The first bit of a Station Address is O. 


The Length Count field is two bytes in length and specifies the 
Data field length (in an Ethernet application this field is the Type 
field and the Length Count field in the Mode Register must be 
initialized appropriately). 


The Data field can have a variable number of bytes. If the Data 
field is less than 46 bytes (in a six-byte address mode), or less 
than 54 (in a two-byte address mode), pad bytes are added to 
the frame on transmission to bring the overall packet size up to 
the minimum size of 72 bytes. The maximum Data field length 
must be programmed into the DMAC operating with the LNET. 


The Frame Check Sequence (FCS) field is four bytes in length. 
Frame Reception _ 


The Receiver consists of the following sections: Delimiter Rec- 
ognition, Receive СНС, Serial-to-Parallel Register, Receive 
Length Counter, Address Recognition, and a 32-byte FIFO reg- 
ister file (RXFIFO). These registers are all driven or loaded by 
RXCLK or a derivative. 


In the absence of serial input data from the network bus, the 
SENSE input from the MI is inactive. The Receive Clock (RXCLK) 
is free running and the Receiver front end is idling. | 


DESTINATION | SOURCE 
ADDRESS ADDRESS 


PREAMBLE | START 
FIELD 
DELIMITER 


(SFD) 


BYTES 


------------“-““------- 72 BYTES MINIMUM 


LENGTH 
COUNT 
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The assertion of SENSE defines the beginning of a frame. The 
rising edge of RXCLK enables SENSE and concurrently the first 
Preamble bit on RXDATA to the LNET. The falling edge of 
RXCLK shifts the first bit of the Preamble into the Delimiter Rec- 
ognition logic and SENSE into the SENSE Detection logic. 
Delimiter Recognition is deferred for eight RXCLKS after the 
assertion of SENSE, to give the МІ unit time to synchronize on 
the Preamble. 


If sequential zeros are detected during the time the LNET is 
searching for the double ones delimiter, the packet's reception 
is aborted. | | 


The Preamble bits are shifted through the Delimiter Recognition 
logic without result. As the last bit of the Delimiter is shifted in, 
an internal signal is asserted. 


The data is then routed to the Receive CRC and the Serial-to- 
Parallel Register. The Byte Alignment and Odd/Even byte mon- 
itor is initialized, and a Byte Counter is started. 


At the appropriate byte count, the first byte of Destination Address 
is converted to parallel data, and compared with the first byte 
of Station Address and loaded into the RXFIFO. 


The RXFIFO Input Pointer (RIP) is then advanced by one. The 
next byte(s) of destination and source addresses are loaded in 
the same manner. As the two length count bytes are sent to the 
RXFIFO they are also loaded into the Length Counter. If this 
field is non-zero it is decremented on each succeeding byte of 
the packet. | 


The remainder of the first 16 bytes of the packet are loaded into 
the RXFIFO (unless the Length Counter reaches its terminal 
count or the packet terminates). 


With 16 bytes buffered, the RXFIFO is half full. RXREQ is now 
asserted, the receiving half of the buffer becomes the reading 
half, and the first 16 bytes of receive data are unloaded by 
advancing the RXFIFO Output Pointer (ROP) as a function of 
the DMAC's DACK and DS signals. Meanwhile the empty, 
receiving half, of the RXFIFO continues to fill. 


As the 32nd byte of received data is loaded, RXREQ is asserted 
again and RIP proceeds to the just emptied reading buffer while 
DMA bus cycles unload the new reading buffer. 


The RXFIFO continues to load and unload in this manner 


throughout the duration of the packet's Data field. 


The position of RIP indicates when to load the Length Counter 
from the data stream, when to check for a valid address, when 
to assert or negate RXREQ and to flag an overrun of the receive 
DMA service. 


FRAME 
CHECK 
SEQUENCE 


VARIABLE NO. 
OF BYTES 


Figure 3. MAC Frame Format 
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The two-byte Length Counter is located either four or twelve 
bytes (depending on the address mode) after Valid Delimiter. 
The Length Counter is decremented every eight RXCLKs. When 
the Length Counter equals zero, indicating the end of the Data 


Е field, RIP is disabled апа PARER asserts long enough to unload 


the last bytes. 


In the case of a normal termination of the packet, after the last 
bytes are unloaded, the LNET asserts DONE concurrent with 
the last DACK strobe and negates RXREQ. The CRC Register 
continues to calculate over the Pad and Frame Check Sequence 
fields and the Byte Alignment Checker continues to run until 
packet end. The state of the Odd/Even byte checker is latched 
at the time of the Length Counter's terminal count. 


The end of the packet is recognized as follows. The last FCS 
bit shifts in as RXCLK goes low in the normal manner. Two 
RXCLKs later the negated value of SENSE shifts in. At the next 
rising edge of RXCLK the CRC syndrom is compared and the 
result is posted to Status Register 1 and IRQ is asserted. 


If, during the course of a reception, the Data byte count held 


by the system exceeds the maximum number (1500 bytes for. 
Ethernet), a maximum frame size error is flagged by DONE from . 


the DMAC. The LNET responds by negating RXREQ and 
clearing the status registers without generating an IRQ. 


Frame Transmission 


The Transmitter consists of the following: Parallel-to-Serial Reg- 
ister, Transmit Length Counter, 32-byte Transmitter FIFO reg- 
ister file (TXFIFO), Transmit CRC Generator, Preamble and 
Delimiter Generator, Jam Generator, Interframe Delay Counter, 
and the Binary Exponential Back-Off Counter. These sections 
are all driven by TXCLK or a derivation. 


Frame transmission commences with a MPU write to Command 
Register 1 setting the Enable MAUREQ bit. The LNET responds 
by asserting Transmit DMA Request (TXREQ). Under DMA 
control, 16 bytes are loaded from the MPU bus into the TXFIFO 
by advancing the TXFIFO Input Pointer (TIP) as a function of 

DACK and DS. The LNET then negates TXREQ until the first 
те of this data has been serialized out. 


While the first 16 bytes are being loaded into the TXFIFO, the 
LNET is monitoring the SENSE input. Upon SENSE negation 
the Transmitter waits 96 TXCLKS (strict IEEE 802.3 or Ethernet 
application, otherwise the delay follows whatever is pro- 
grammed into Mode Register bits 5-7) and then serializes out 
the first byte of data on TXDATA if the TXFIFO is half full (if it 
is not half full yet, the LNET returns to monitoring SENSE). If 
SENSE is active the LNET waits until it is negated and then 
starts the Interframe Delay Counter. 


At the terminal count of the Interframe Delay Counter the first 
preamble bits are shifted out under TXCLK control and the 
transmitter begins to monitor the SIGQUAL input. At the same 
time TXREQ is asserted again and another 16-byte data burst 
is transferred into the empty half of the TXFIFC. 


As the TXFIFO Output Pointer (TOP) advances to the first byte 
of the most recently filled half of the buffer, TXREQ is again 
asserted to reload the half just emptied. 
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Upon the assertion of the DONE input by the DMAC (at the time 
of the last byte or word transfer), the transmitter finishes seri- 
alizing the last bytes out, zeros the TXFIFO Input Pointer (TIP) 
and serializes the contents of the CRC Register out on TXDATA. 


If SIGQUAL is asserted by the Ml during the first 512 TXCLKS, 
the LNET assumes there has been a collision between its own 
transmission and that of another node in the network. The 
response of the LNET at its MI interface is to abort the frame 
transmission after appending a Jam signal consisting of 48 
alternating zeros and ones to it. The Jam signal is sent when- 
ever the LNET has successfully contended for the medium and 
then has been interrupted in its transmission during the collision 
window. 


DMA TRANSFER MODES 


The response of the LNET at its MPU/DMAC interface to a col- 
lision is programmable to one of two modes in the Mode Reg- 
ister at initialization. 


This allows for the LNET to be used with DMACSs of differing 
capabilities. Specifically, some DMACs need to be reinitialized 

by the MPU if they are to restart a block transfer that has been 
aborted by a peripheral's assertion of a DONE and an тво. 
Others аге capable of automatically re- starting a block by them- 
selves if a DONE is detected during a transfer. 


Mode One: Assert IRQ plus DONE On Collision. 


Assertion of SIGQUAL during the first 512 TXCLKS after trans- 
mission begins sets the collision code (010) in the encoded 
Transmitter Status field in Status Register 1 and increments the 
Collision Count field in Status Register 2 by one. Next, IRQ is 
asserted, and the Interrupt Vector Number from the Interrupt 
Vector Number Register is output on the data bus when ТАСК 
is asserted. 


The MPU processes the interrupt by reading the status registers 
to determine the cause of the interrupt and to clear the interrupt. 
The MPU then reinitializes the DMAC and reloads the first 16 
bytes of the aborted data packet into the TXFIFO. Meanwhile 
the LNET is sending the Jam signal followed by a delay interval 
determined by the Binary Exponential Back-off Counter. At the 
end of this time interval the LNET begins to transmit the preamble 
and delimiter again if the TXFIFO has been reloaded with the 
first 16 bytes of the packet. If the TXFIFO has not been reloaded 
by the time the Jam signal and the back-off delay interval are 
over, the LNET will wait for data. 


Mode Two: Assert only DONE On Collision. 


Upon the assertion of SIGQUAL during the first 512 TXCLKs, 
the LNET zeros the TIP, asserts DONE to the DMAC concurrent 
with the next DACK signal, increments the retry count and 
remains in the transmit mode (TXREQ asserted, etc.), the Jam 
is sent, and the Back-off delay is observed. In the meantime, 
16 bytes of data are loaded into the TXFIFO by the DMAC. The 
packet is then transmitted as before. 


If the MI asserts SIGQUAL after the first 512 ТХС Кв, IRQ is 
asserted and the Transmitter Status field in Status Register 2 
is set to 011. 
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Figure 5. Typical Interface to 68008-Based System 
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NOTE: Timing measurements are referenced to and from a low voltage of 
0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


Figure 6. Manchester Interface Serial Receiver Timing 


TXDATA 


SIGQUAL 


MAUREQ 


MILOOP 


ISOLATE 


NOTE: Timing measurements are referenced to and from a low voltage of 
0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


*IRQ assertion on collision not required—Bit 3 of the mode register 
(MR) determines whether or not IRQ asserts on collision. 


Figure 7. Manchester Interface Serial Transmitter Timing 
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| т ње 
ОТАСК . 


МОТЕ: | 


Timing measurements are referenced to and from а low voltage of 0.8 volts and а high voltage of 2.0 volts, unless otherwise noted. 


Figure 8. LNET Read Cycle Timing. 


cs | | 

0$ o | T | 

ня ша ОИ JL 
+ 49 Preko >» 

00-07/00-015 4 » 


МОТЕ: 
Timing measurements are referenced to and from а low voltage of 0.8 volts and а high voltage of 2.0 volts, unless otherwise noted. 


Figure 9. LNET Write Cycle Timing 
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00-07/00-015 


NOTES: 1. Timing measurements аге referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise 
noted. 
2. Word mode only. 


Figure 10. LNET to Memory DMA Transfer Cycle Timing 
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NOTES: 1. Timing measurements are referenced to and from а low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise 
noted. | 
2. Word mode only. 


Figure 11. Memory to LNET DMA Transfer Cycle Timing 
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NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless 
otherwise noted. i 


Figure 12. Interrupt Request Cycle Timing 
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SPECIFICATIONS 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0Vdc = 5%, Vs = ОМас, ТА = 010 70°С) 


Митђег Characteristic Symbol Min Typ Max Unit 


Pt | eck Perot |: | 99 | | 1 | ~ | 
| 2 | Receive Clock Pulse Width __ са | "+ |. |— | m | 
= а 0 ннен ла CR. ли ERBEN ЕН ле е 
а __|_РХрАТА бељеНотте | ыш |» | | | rm | 
| 5 | Інабевуғт ІК | te | о | _"| вео | ~ | 
[ s _|_овотћосви(ашћа) — | we | 9 | | — | ~ 
[ 7 | тхоматкем бөзу(0,-38- ë | o | "| || мо 
[ s Gamme č | км "| 9 | ___|- | ~ | 
ШЕКЕ ШІСІСТІСІСІТІЛ 17777 ЖЕН | to 9 | | |. а 
[ 0 [mau contol Out Delay — | wo | о | ___| 9 | s 
| n | RWHighto CS DStow | ш | о | |-— [| б, 
[12 | StowtoDTACKiow | ко | | 4 | «ве | ғ | 
| 19 | TS DSHightoRWiow | ә. | 23 | __|- | ~“ | 
| 14 | CSHghtoDTACK Tristate | овом | 20 | 80 | ns | 
WA ЗЕЯ мъ Я Же е PRENNE НЕ 8 UE. EE 
[ 3e | сб бенаторма mau | ы | о | | 9 | ~ | 
[ 3 | wowe ow | за | 9 | | | О 
[ тв | t5B5meenWHas | о | | | - |" — 
[te | раеуамобебнаи ____| њи | 9 | | - | ~ 
[20 | Snova naa ООС | € | | — | — 

| TACK Low to DTACKLow — — — — | — tma | » | 4) |) 8 | m | 
ERE еее "m AL NE ALES XE mE 
ыо о | пина SU UT пери UR Та RN D 
| 3 | Rimo aava | о | 9 | ë | о | о 
[ 35 | DAR High to GONE таба | ww | 9| 1| 9 | о | 
| __27 | DStovtoDACKHgh — |) ән | о | |) 8 | m | 
| 28 | DSHightoDatainvaid — | tw | о | | 4 | m | 
[ э | ommaan Сн | 9 | — | - | ~ | 
[ o | овон о DONE он __ | ба | 9 | |] | ~ | 
БЕКЕН [Eternal GONE Pulse Wan | ew | 7 | ë | | ~ | 
| e | DARK Lowio intemal DONE Low ey __| me "| S| | о | № 
[ 3 | баск ното пета DONE High Delay __| we | | | "| ~ | 
DONE Low to RXREQ High | tm | — | 2 | [| мок | 

35 DS High to IRQ High tpsuiH 2 RXCLK 

Note: 


*]RQ assertion on collision dependent on bit 3 of mode register (MR). 
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MAXIMUM RATINGS THERMAL CHARACTERISTICS 


Thermal Resistance 


Ceramic 
Plastic 


| Storage Temperatures —55 to +150°С 


Note: | 

This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields; however, 
normal precautions should be taken to avoid application of any 
voltage higher than maximum-rated voltages to this high-imped- 
ance circuit. Reliability of operation is enhanced if unused inputs 
are tied to an appropriate logic voltage level (e.g., either Vss or 
Усс). 


DC ELECTRICAL CHARACTERISTICS (Voc = 5.0Vdc + 5%, Vss = OVdc, ТА = О to 70°C unless otherwise noted) 


Characteristics Symbol Test Conditions 


Input Leakage Current | Е Vin = Oto 5.25V 
RW, RESET, CS pA Мсс = ОМ 

Input Leakage Current for Three-State (Off) те; Vin = 0.4 to 2.4V 
DTACK, 00-015 10 pA Мес = ОМ 


Output High Voltage Мон Veco = 4.75М 

RXREQ, TXREQ, DTACK, +2.4 V lioAD = —400 ША, Столь = 130 рЕ 
00-015, МІООР, MAUREQ, ISOLATE +2.4 V Подо = —400 мА, Croan = 32 pF 
TXEN, TXDATA | +2.4 V lLoap = 0, Croan = 30 pF 
Output Low Voltage VoL Мес = 4.75V 

RXREQ, TXREQ, ТХЕМ, ТХРАТА, ОТАСК, 00-015 V Подо = 3.2 mA 

MILOOP, MAUREQ, ISOLATE 

IRQ, DONE V Подо = 8.8 тА 

ОО ПОС | - | мојом 

| ши | ui 
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R68802 


PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP 


MILLIMETERS] INCHES | 


пи мне ox Га ] WAX] 


SEATING PLANE 


40-PIN PLASTIC DIP 
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R68C552 


DUAL ASYNCHRONOUS COMMUNICATIONS 
INTERFACE ADAPTER (DACIA) 


PRELIMINARY 


DESCRIPTION. 


The Rockwell CMOS R68C552 Dual Asynchronous бөйт: 
tions Interface Adapter (DACIA) provides an easily implemented, 

program controlled interface between 16-bit microprocessor-based 
. Systems and serial communication data sets and modems. 


The DACIA has an internal baud rate generator. This feature elim- 
inates the need for multiple component support circuits, a crystal 
being the only other part required. The Transmitter baud rate can 
be selected under program control to be either 1 of 15 different 
rates from 50 to 38,400 baud, or at 1/16 times an external clock 
rate. The Receiver baud rate may be selected under program con- 
trol to be either the Transmitter rate, or at 1/16 times the external 
clock rate. The DACIA is programmable for word lengths of 5, 6, 
7 or 8 bits; even, odd, or no parity; and 1 or 2 stop bits. 


The DACIA is designed for maximum programmed control from 
the microprocessor (MPU) to simplify hardware implementation. 
. Dual sets of registers allow independent control and monitoring 
of each channel. The DACIA also provides a unique, program- 
mable Automatic Address Recognition mode for use in a multi- 
drop environment. 


The Control Register and Status Register permit the MPU to 
easily select the R68C552's operating modes and determine 
operational status. 


The Interrupt Enable Registers (IER) and Interrupt Status 


Registers (ISR) allow the MPU to control and monitor the meme | 


capabilities of the DACIA. 


The Control and Format Register (CFR) permits selection of baud 


rates, word lengths, parity and stop bits as well as control of DTR 
and RTS output signals. | 


Тһе Status Register (SR) gives the MPU access to the state of 


the modem control lines, framing error, transmitter underrun and | 


break conditions. 


The Compare Data Registers (CDR) hold the data value to be 7 


used in the compare mode. 
The IRQ Vector Register (IVR) holds the interrupt vector for use 


in the interrupt acknowledge state, or commands a Transmit. 
Break and provides for parity/address recognition ang Auto- 


matic Address Recognition mode. 


ORDERING INFORMATION 


Part Number: 
R68C552 


Package: 
C = Ceramic 
P = Plastic 


FEATURES 
• Low power CMOS N-well silicon gate technology 


е Two independent full duplex channels with buffered receivers 
and transmitters. | 


е Data set/modem control functions 


• Internal baud rate generator with 15 programmable baud rates 
(50 to 38,400) | 


е Program-selectable internally or externally controlled receiver 
rate | 


* Programmable word lengths, number of RISP bits, and parity 
bit generation and detection 


• Programmable interrupt control | 


е Programmable control of edge detect for DCD, DSR, DTR, 
RTS, and CTS 


* Program-selectable serial echo mode for each channel 

• Automatic Address Recognition mode for multi-drop operations 
e 50 Vdc +5% supply requirements | 

е 40-ріп plastic or ceramic DIP — 

е Full TTL or CMOS input/output compatibility. 

е Compatible with R68000 microprocessor family 


Figure 1. R68C552 Pin Configuration 
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INTERFACE SIGNALS 


Figure 2 shows the DACIA interface signals associated with the 


а с and the modem. 


DATA BUS (DO-D7) 
The 00-07 pins are eight data lines that transfer data between 


the microprocessor (MPU) and the DACIA. These lines are bidirec- 


tional and are normally high-impedance except during READ ace 
when the DACIA is selected. 


REGISTER SELECTS (RSO, RS1, RS2) 


The three register select lines are normally connected to the proc- 
essor address lines to allow the MPU to select the various inter- 
nal registers. Table 1 shows the internal register select coding 


and identifies the abbreviations (ABBR) used throughout the text 


for each register. Table 2 summarizes the control and status 
registers and shows each bit allocation. 


READ/WRITE (R/W) 


The R/W input, generated by the microprocessor, controls the 


direction of data transfer. A high on the R/W line indicates a read | 


cycle, while a low indicates a write cycle. | 


CHIP SELECT (CS) | | 

The chip select input is normally connected to the processor 
address lines either directly or through decoders. The DACIA 
latches address and R/W inputs on the falling edge of CS and 
latches the data bus inputs on the rising edge of CS. 


IACK1 
LOGIC 


АСТАТ 
INTERRUPT 
LOGIC 


/О CONTROL 
AND 
| REGISTER 
R68000 | | . SELECT 
BUS 


BUFFERS 


INTERRUPT 
LOGIC 
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RESET (RES) 


During system initialization a low level on the RES input causesa 


ВЕЗЕТ to occur. At this time the IER's are setto $80, the DTR and 


RTS lines go to the high state, the ВОВ. register is cleared, 
the IVR is set to $0F, the compare mode is disabled, and the CTS, 
DCD, DSR flags are cleared. No other bits are affected. M 


_ - TRANSMIT DATA (TXD1, TXD2) 


The TxD outputs transfer serial non-return to zero (NRZ) data to 
the data communications equipment (DCE). The data is trans- 
ferred, LSB first, at a rate determined by the baud rate generator. 


RECEIVE DATA (RXD1, RXD2) 


The RxD inputs transfer serial NRZ data into the DACIA from the 
DCE, LSB first. The receiver baud rate is determined by the baud 
rate generator.. 


CLEAR TO SEND (CTS1, CTS2) 


The CTS control line inputs allow handshaking by the transmitter. 


When CTS is low, the data is transmitted continuously. When CTS 
is high, the Transmit Data Register empty bit in the ISR is not set. 
The word presently in the Transmit Shift Register is sent normally. 
Any active transition on the CTS lines sets the CTS bit in the 
appropriate ISR. The CTS status bit in the SR reflects the cur- 
rent high or low state of CTS. 


DATA CARRIER DETECT (DCD1, DCD2) 


These two lines may be used as general purpose inr inputs. An active 
transition sets the DCD bit in the ISR. The DCD bit in the SR 
reflects the current state of the DCD line. 


ACIA1 
REGISTERS. 


ACIA 
CHANNEL 1 


ACIA1 BAUD 
RATE SELECT 


ACIA 
CHANNEL 2 


Figure 2. DACIA Interface Signals | 
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DATA SET READY (DSR1, DSR2) 


These two lines may be used as general purpose inputs. An active 
transition sets the DSR bit in the зе ISR. The DSR bit in the SR 
. reflects the current state of the DSR line. 


REQUEST TO SEND (RTS1, RTS2) 


These two lines may be used as general pu rpose outputs. They 


ei set high upon reset. Their state тау be programmed by set- 


ting the appropriate bits in the CFR high or low. The state of the 
RTS line is reflected by the RTS bit in the SR. 


DATA TERMINAL READY (DTR1, DTR2) 


These two lines may be used as general purpose outputs. They 
are set high upon reset. Their state may be programmed by set- 
ting the appropriate bits in the CFR high or low. The state of the 
DTR line is reflected by the DTR bit in the SR. 


INTERRUPT REQUEST (IRQ1, IRQ2) 


The IRQ lir lines are open-drain outputs from the interrupt control 
logic. IRQ1 is associated with ACIA1 and 1802 is associated with 
ACIA2. These lines are normally high but go low when one of the 


flags in the ISR is set, provided that its corresponding enable bit . 


is set in the IER. 


CLOCK CIRCUIT 


The internal clock oscillator supplies the time base for the baud 
rate generator. The oscillator can be driven by a crystal or an 
external clock, or it can be disabled, in which case the time base 
for the baud rate is generated by the Receiver External Clock 
. (АХС) and Transmitter External Clock (TxC) input pins. Figure З 
: shows the three possible clock configurations. 


RECEIVER 
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CRYSTAL (XTALI, XTALO) 


. These pins are normally connected to an external 3.6864 MHz 


crystal used as the time base for the baud rate generator. As an 
alternative, the XTALI pin may be driven with an externally 
generated clock in which case the XTALO pin must float. 


RECEIVER CLOCK (RxC) 


This pin is the Receiver 16x clock input when the baud rate gen- 
erator is programmed for External Clock. Figure 15 shows tim- 
ing considerations for RxC. 


TRANSMITTER CLOCK (TxC) 


This pin is the transmitter 16x clock input when the baud rate 
generator is programmed for External Clock. Figure 16 shwos tim- 
ing considerations for TxC. 


Note 


When RxC and TxC are used for external clock input, 
XTALI must be tied to ground (Vss) and XTALO must be 
left open (floating). 


CLOCK OUT (CLK OUT) 


This output is a buffered output from the 3.6864 MHz crystal 
oscillator. It may be used to drive the XTALI input of another 
DACIA. This allows multiple DACIA chips to be used in a system 
with only one crystal needed. CLK OUT is in phase with XTALI. 


OPEN с 

CIRCUIT 
INTERNAL EXTERNAL 
CLOCK  — CLOCK 


Figure 3. DACIA Clock Generation 
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Figure 4. DACIA Block Diagram 
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FUNCTIONAL DESCRIPTION 


Figure 4 is a block diagram of the DACIA which consists of two 
| asynchronous communications interface adapters with common 
microprocessor interface control logic and data bus buffers. The 
individual functional elements of the DACIA are described in the 
following paragraphs. 


DATA BUS BUFFER 


The Data Bus Buffer is a bidirectional interface between the 
system data lines and the internal data bus. When R/W is high and 
CS is low, the Data Bus Buffer passes data from the internal data 
bus to the system data lines. When R/W is high, CS is high, and 
either IACK line is low, the IRQ vector is passed to the system 
_ data bus. When R/W is low and CS is low, data is brought into the 


DACIA from the system data bus. The following table summarizes | 


the Data Виз Puffer states. 


Data Bus Buffer Summary 


Data Bus Buffer State 


. ILLEGAL MODE — TRI STATE 
ILLEGAL MODE — TRI STATE 
ILLEGAL MODE — TRI STATE 
WRITE MODE — TRI STATE 
ILLEGAL MODE — TRI STATE | 
ILLEGAL MODE — TRI STATE . 
ILLEGAL MODE — TRI STATE 

`> ТАГЅТАТЕ 
ILLEGAL MODE — OUTPUT $0F 
ILLEGAL MODE — OUTPUT $0F 
ILLEGAL MODE — OUTPUT $0F 
READ МОРЕ — ОУТРОТ DATA 
ILLEGAL MODE — OUTPUT $0F 

OUTPUT IRQ VECTOR 1 
OUTPUT IRQ VECTOR 2 

· TRI STATE 


В 
хо 
ЕЕ 
4 
Хе 
= 
> 
2 
А 
М! В 


|тететгететгтгтгтги 
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TRANSMIT AND RECEIVE DATA REGISTERS 
These registers are used as temporary data storage for the DACIA 


d Transmit and Receive circuits. The Transmit Data Register is 
characterized as follows: 


е Bit 0 is the leading bit to be transmitted. 


• Unused data bits are the high-order bits and are “доп! саге” 
for transmission. . 


• Write-Only Register. 


The Receive Data Register is characterized i ina similar fashion 
as follows: | 


• BitOis the jesding bit received. 


• Unused data bits аге the high order bits and are “0” for the 
receiver. _ 
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Figure 5 shows an example of a single transmitted or received 


data word. In this example, the data word is formatted with 8 data 


_ bits, parity, and two stop bits. Figure 5 also shows a single 


character transmitted or received in Address Recognition mode. 


In this example, the address ог data word is 8 bits, there is по 
parity bit, and there are two stop bits. The 10th bit, (normal parity 
bit) is an address/data indicator bit. A 1 means the 8 bits are ап 
address that will be compared with the address stored in the Com- 
pare Data Register. A 0 means the 8 bits are data. 


PARITY MODE 


PARITY STOP 
BIT ^ BITS 


шву 5. МА. баға Мога 


INTERRUPT LOGIC 


The interrupt logic causes the IRQ lines (ВОТ ог IRG3) to go low 


when conditions are met that require the attention of the MPU. 
There are two registers (the Interrupt Enable Register and the 
Interrupt Status Register) involved in the control of interrupts in 


the DACIA. 1 Corresponding bits in both registers must be set to 


cause an IRQ. 


INTERRUPT ENABLE REGISTER (IER) _ 
The Interrupt Enable Register (IER) i is a write-only register that . 


allows each of the possible IRQ sources to be enabled, or dis- 
abled, individually without affecting any of the other interrupt 


enable bits in the register. IRQ sources are enabled by writing - 


to the IER with bit 7 set to a 1 and every bit set to a 1 that cor- 
responds to the IRQ source to be enabled. IRQ sources are 


disabled by writing to the IER with bit 7 set to a 0 and every bit 


set to a 1 that corresponds to the IRQ source to be disabled. Any 
bit (except bit 7) to which a O is written is unaffected and remains 
in its original state. As an example, writing $7F to the IER will | 
disable all IRQ source bits, but writing $FF to the IER will enable 


оса! IRQ source bits. A hardware reset (RES) clears all IRQ 


* Parity bits are not contained in the Receive Data Register, but · | 


are stripped off after being used for external parity checking. 
Parity and all unused high-order bits are “0”. 


° пасо Register 
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source bits to the 0 state. Bit assignments f for the IER are as 
follows: | 
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Table 1. DACIA Register Selection 


REGISTER SELECT | 
LINES REGISTER BITS 


ER RON REX Ea 


| REGISTER ACCESS | 
INTERRUPT ENABLE | INTERRUPT STATUS 
REGISTER 1 | REGISTER1 | 
СЕРА CONTROL STATUS | 
SR1 REGISTER 1 REGISTER 1 
CFR1 FORMAT INVALID | 
_ REGISTER 1 : | 


COMPARE INVALID 


Q 
o 
= 
= 
2 
о 
г 
бо 
т. 
о 
2 
= 
> 
ч 


‚ БАТА 
REGISTER 1 


IRQ INVALID 
VECTOR1 . | : | | 

TDR1 TRANSMIT DATA J . RECEIVE DATA 

RDR1 REGISTER 1 REGISTER 1 } 
INTERRUPT ENABLE INTERRUPT STATUS 

REGISTER 2 | REGISTER 2 

CFR2 CONTROL _ STATUS. | 
| : ‚ REGISTER 2 


REGISTER 2 5 
B INVALID 


FORMAT 
INVALID 


. REGISTER 2 
COMPARE _ 

DATA | 
REGISTER 2 


< 
2 
— 


Table 2. Control and Status Registers Format Summary 


EGISTER BIT NUMBERS 


INTERRUPT 
ENABLE 
REGISTERS 


CLEAR/SET 
BITS 


INTERRUPT. 
STATUS 
REGISTERS 


STATUS 
REGISTERS | 


BIT ше 
ЗЕТ . » | | 
NS CTS DCD p: 
. STATUS | STATUS | STATUS 
Масон | №. | | 
STOP | ECHO | BAUD RATE SELECTION 


FRAMING 
ERROR | 
I ^*^ NUMBER ОЕ PARITY PARITY: DTR RTS | 


CONTROL 


REGISTERS | 
AND 


FORMAT 


DATA BITS — — ‚ SELECTION ENABLE | CONTROL | CONTROL | | REGISTERS 


COMPARE 
DATA 


COMPARE BITS (ADDRESS RECOGNITION) cs eR 


ЈА MODE 


ІНО VECTOR ADDRESS i IRQ SOURCE 


INTERRUPT 
VECTOR 

| REGISTER 
NOT USED | 


T/R MODE 
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INTERRUPT STATUS REGISTER (ISR) 


The Interrupt Status Register (ISR) is a read-only register that 
identifies the current status condition for each DACIA internal IRQ 
source. Bits 6 through 0 of the ISR are set to a 1 whenever the 
corresponding IRQ source condition has occurred in the DACIA. 
Bit 7 identifies if any of the IRQ source status bits have been set 
in the ISR. 


ШЕЕ С Oe ee А С ЕА 


мы тов | CTS | DCD | DSR |PARITY дүм RDR 
57 | EMPTY | TRANS | TRANS | TRANS | ERROR | ОМ | FULL 


Bit 7 Any Bit Set 
1 Any bit (6 through 0) has been set to a 1 
0 Мо bits have been set to a 1 
Bit 6 Transmit Data Register Empty (TDR EMPTY) 
1 Transmit Data Register has been transferred to 
the shift register 
0 New data has been written to the Transmit Data 
Register 
Bit 5 Transition On CTS Line (CTS TRANS) 
1 А positive or negative transition has occurred on 
CTS | 
0 No transition has occurred on CTS, ог ISR has 
been read 
Bit 4 Transition On DCD Line (DCD TRANS) 
1 А positive or negative transition has occurred on 
DCD 
0 No transition has occurred on DCD, or ISR has 
been read | 
Bit 3 Transition On DSR Line (DSR TRANS) 
1 A positive or negative transition has occurred on 
DSR 
0 No transition has occurred on DSR, ог ISR has 
been read 
Bit 2 Parity Error 
1 A parity error has occurred in received data 
0 No parity error has occurred, or the Receive 
Data Register (RDR) has been read 
Bit 1 Frame Error, Overrun or Break (FRM, OVR, 
BRK) 
1 A framing error, receive overrun, or receive 
break has occurred 
0 No error, overrun, break has occurred or RDR 
has been read 
Bit 0 Receive Data Register Full (RDR FULL) 
1 Shift register data has been transferred to 
Receive Data Register 
0 Receive Data Register has been read 
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INTERRUPT VECTOR REGISTER (IVR) 


The DACIA has two Interrupt Vector Registers which are write-only · 
registers. By storing the appropriate vector address number in bits 
7 through 2 of the IVR, the DACIA will place the vector on the data 
bus when requested by the IACK signal. In this mode, bits 1 and 0 
identify the source of the IRQ. 


Note: In order for the IVR Vector Address to be recognized, bit 6 
of the CFR must be a 1. 


During the Transmit Receive mode, bits 7 through 2 are not used 
and are treated as "don't care” bits. In this mode, bits 1 and 0 
are used for Transmit Break and Parity/Address recognition. 


Writing a 1 to bit 1 of the IVR causes a continuous Break to be 
transmitted by the ACIA associated with the register. Writing a O to 
this bit allows normal transmission to resume. Writing a 1 to bit O | 
of the IVR commands the value of the Parity bit to be sent to the 
Parity Error bit (bit 2 of the ISR). Writing a0 to this bit allows normal 
Parity Error recognition to be in force. When an RES is received 
by the DACIA, both of these bits are reset to О. The bits format for 


the IVR are as follows: 
De oc к а в [ч ша 
IRQ SOURCE 


IRQ VECTOR ADDRESS 


TRANS РАН/ 


Interrupt Acknowledge Mode (А Моде) 


Виз 7-2 IRQ Vector Address 
Bit 1 IRQ Source Channel _ 
1 ACIA1 selected 
0 ACIA2 selected 
Bit 0 IRQ Source | | 
1 Other IRQ (CTS, DCD, DSR, Parity, Break, OV) 
0 Transmit or Receive IRQ Ж 


Transmit/Receive Mode (Т/А Mode) 


Bits 7-2 . Not used (don't care) 
ви! Transmit Break (TRANS BRK) - | 
1 Transmit continuous Break until disabled 
0 Resume normal transmission 5 | 
Bit 0 Parity/Address Recognition (PAR/ADDR). 
1 Send value of parity to ISR bit 2 (Addres 
Recognition mode) "P 
0 Return to normal Parity Error recognition mode 
COMPARE DATA REGISTER 


The Compare Data Register (CDR) is a write-only register which 
can be accessed when CFR bit 6 = 0. By writing a value into the 
CDR, the DACIA is put in the compare mode. In this mode, set- 
ting of the КОНЕ bit is inhibited until a character is received which 
matches the value in the CDR. The next character is then received 
and the ВОВЕ bit is set. The receiver will now operate normally 
until the CDR is again loaded. 
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STATUS REGISTER (SR) 


The Status Register (SR) is a read-only register that provides /О 
status and error condition information. The SR is normally read 
. after an IRQ has occurred to determine the exact cause of the 


опит condition. 

6 в аа ГҮҮ 
m" TRAN 
EJE 


CTS REC | DTR RTS 
|= TUS UE BUR 1" BREAK|STATUS | STATUS 


Bit 7 Framing Error 
1 A framing error occurred i in receive data 
0 No framing error occurred, or the RDR was 
read · 
, Bit 6 Transmitter Underrun (TRANS UNDR) 
(1 _ Transmit shift register is empty and TDRE bits 
| in IER and ISR are set 
0 А write to the TDR has occurred 
Bit 5 CTS Status 
1 CTS line high 
0 CTS line low 
Bit4 X DCD Status 
ЕС DCD line high 
20 .. DCD те low 
Bit 3 DSR Status 
1 DSR line high 
0 DSR line low 
Bit 2 REC Break 
1 A Receive Break has occurred 
0 No Receive Break occurred, or RDR, was read 
Bit 1 DTR Status 
1 DTR line high 
0 DTR line low 
Bit 0. RTS Status 
1 RTS line high 
0 RTS line low 


CONTROL AND FORMAT REGISTER (CFR) 


The Control and Format Register (CFR) is a dual-function, write- 
only register which allows control of word length, baud rate, con- 
trol line outputs, parity, echo mode, and compare/IVR access. 
When the CFR is written to with bit 7 = 0, the CFR functions as 
a Control Register. When the CFR is written to with bit 7 = 1, the 
CFR operates as a Formal Register. 


Control Register (CFR Addressed with Bit 7 = 0) 


КЕМ ЕС ПЕСНИ СЕ EMEN M 
МО. 


IVR/CDR | STOP | ECHO 
| BITS 


BAUD RATE SELECTION 


Bit 6 IVR/CDR 
1 Access the IRQ Vector Register (IVR) 
о Access the Compare Data Register (СОН) 
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Bit 5 Number of Stop Bits 
1 Two stop bits 
0 . One stop bit 


3 Echo Selection (ECHO) 
1 Echo activated 
0 Echo deactivated 


Baud Rate Selection 
Baud Rate 


50 

109.2 

134.58 . 

150 

300 

600 

1200 

1800 

2400 

3600 

4800 

7200 

9600 

19200 

38400 | | 
External ТХС and RxC Clocks 


=-"-"есоеос -—"-"-осоо во 2 
од 
11 
о 


= да м tr ~ Ооооооооо|о 
= А од 30044 OCO==2 0018 
-=одо ~—“до—-—о-“о—-о—-“о=е>=>=>|е 


Format Register (CFR Addressed with Bit 7 = 


1) 
ps s]a за 1 | o | 


- PARITY |РАВМУ | БІН RTS 
SELECTION | ENABLE | CONTROL | CONTROL 


Bits 6-5 Number of Data Bits Per Channel 
6 5 Мо. Виз 
0 0 5 
01 6 
10 7 
1 1 8 
Bits 4-3 Parity Mode Selection 
4 3 Selects 
00 ода Рату 
01 Емеп Рату 
10 Магк Рату 
11 Зрасе Рату 


Ви 2 Parity Enable 
1 Parity as specified by bits 4-3 
0 No Parity 
Bit 1 DTR Control 
1 DTR high 
0 DTR low 
Bit 0 RTS Control 
1 RTS high 
0 RTS low 
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OPERATION 


The ten modes (or conditions) of operation of the DACIA are: 
• Continuous Data Transmit 

• Continuous Data Receive 
Transmit Underrun Condition 

е Effects of CTS on Transmitter 

е Effects of Overrun on Receive . 
* Echo Mode Timing 

• Framing Error 

Transmit Break Character 
Receive Break Character 
Automatic Address Mode 


CHAR £n CHAR #п + 1 


HE = лот 


IRQ 


PROCESSOR 
READS 

ISR, CAUSES 
IRQ TO CLEAR 


PROCESSOR 
INTERRUPT 
(TRANSMIT DATA 
REGISTER EMPTY) 


STOP, START 
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CONTINUOUS DATA TRANSMIT 


In the normal operating mode, the TDRE bit in the ISR signals 
the MPU that the DACIA is ready to accept the next data word. 
An IRQ occurs if the corresponding TDRE IRQ enable bit is set 
in the IER. The TDRE bit is set at the beginning of the start bit. 
When the MPU writes a word to the TDR the TDRE bit is cleared. 
In order to maintain continuous transmission the TDR must be 
loaded before the stop bit(s) are ended. Figure 6 shows the rela- 
tionship between IRQ and TxD for the Continuous Data Transmit 
mode. 


CHAR #п + 2 


и E ECuniepCunfoc OB 


CHAR £n + 3 


STOP. START S 


PROCESSOR MUST 
LOAD NEW DATA 

IN THIS TIME 
INTERVAL OTHERWISE, 
CONTINUOUS “MARK” 
IS TRANSMITTED 


Figure 6. Continuous Data Transmit 


CONTINUOUS DATA RECEIVE 


Similar to the continuous data transmit mode, the normal receive 
mode sets the RDRF bit in the ISR when the DACIA has received 


CHAR #п CHAR fin + 1 


a full data word. This occurs at about the 9/16 point through the 


stop bit. The processor must read the RDR before the next stop. 
bit, or an overrun error occurs. Figure 7 shows the relationship 
between IRQ and RxD for the continuous Data Receive mode. 


CHAR £n + 2 CHAR #п + 3 


ЕТ БАРОН Бе Ре a an 


пее, START 
во 
LJ 

IRQ PROCESSOR 
INTERRUPT OCCURS 2 \ 
АВОЧТ 9/16 ІМТО 
LAST STOP ВІТ 
PARITY OVERRUN, PROCESSOR READS 
AND FRAMING ERROR ISR, CAUSES 
UPDATED ALSO IRQ TO CLEAR 


SI START 


STOP| START Ru 


PROCESSOR MUST READ 
RECEIVER DATA IN THIS 
TIME INTERVAL, OTHERWISE 
OVERRUN OCCURS 


Figure 7. Continuous Data Receive 
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TRANSMIT UNDERRUN CONDITION | flag is set. This condition persists until the TDR is loaded with a 
If the MPU is unable to load the TDR before the last stop bit is new word. Figure 8 shows the relation between IRQ and TxD for 
sent, the TxD line goes to the MARK condition and the underrun the Transmit Underrun Condition. i 


CHAR #n CONTINUOUS ““МАНК” CHAR #n + 1 CHAR #n P Rd ЛА 2 


vo Te | fede] (УРЛ | 


Ad, | START aa | START = | START 


M 
| WHEN PROCESSOR FINALLY LOADS 


NEW DATA, TRANSMISSION STARTS 
PROCESSOR READS IMMEDIATELY AND INTERRUPT 
ISR, CLEARS IRQ OCCURS, INDICATING TRANSMIT 
DATA REGISTER EMPTY 


PROCESSOR 

INTERRUPT 

FOR DATA UNDERRUN BIT 
EMPTY SET 


Figure 8. Transmit Underrun Condition Relationship 


EFFECTS OF CTS ON TRANSMITTER the TDRE bit in the ISR from becoming set. The word currently 


The CTS control line controls the transmission of data orthe hand- in the shift register continues to be sent but any word in the TDR 
shaking of data to a ‘‘busy’’ device (such as a printer). When the is held until CTS goes low. At the high-to-low transition the CTS bit 
CTS line is low, the transmitter operates normally. Any transition in the ISR is again set. Figure 9 shows the relationship of IRQ, 
on this line sets the CTS bit in the ISR. A high condition inhibits TxD, and CTS for the effects of CTS on the transmitter. | 


NEXT CHARACTER IS SENT IMMEDIATELY 
| UPON CTS GOING LOW IF PROCESSOR 
CHAR #п CHAR #п + 1 HAS ALREADY LOADED NEW DATA, 
CONTINUOUS MARK OTHERWISE IT WAITS FOR NEW БАТ) DATA. 


СД здравия сива 7 ананан 
исий [БЈР] Гает НГ, 


2 START С STOP CHARACTER Sul 
TDRE IS NOT SET -— WHEN PROCESSOR 
PU FINALLY LOADS 
CLEARS — NEWDATA, 
IRQ IRQ AGAIN TRANSMISSION STARTS 
ш \ |, IMMEDIATELY АМО 


Ж. INTERRUPT OCCURS, 
CTS INDICATING TRANSMIT 


| а МРУ In^ DATA REGISTER EMPTY 

Иска -то- ІН 

сте CLEAR-TO-SEND CTS CLEARS Q | | 
| | Ba > IRQ 


Figure 9. Effects of CTS on Transmitter 
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EFFECTS OF OVERRUN ON RECEIVER 


If the processor does not read the RDR before the stop bit of the 
next word, an overrun error occurs, the overrun bit is set in the 
ISR, and the new data word is not transferred to the RDR. The 
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RDR contains the last word not read by the MPU and all follow- | 
ing data is lost. The receiver will return to normal operation when 
the RDR is read. Figure 10 shows the relation of IRQ and RxD for 
the effects of overrun on the receiver. 


РЕШЕ... c #n CHAR #n + 1 CHAR #n + 2 БИНЕ а = #п + 3 
= ПЕЛЕ; n Г START тоё $ТАВТ | сој START 
PROCESSOR ~~ 2 \ X CHAR Яп + 2 
INTERRUPT MPU DOES MPU READS IRQ. 
FOR RECEIVER NOT READ ISR CHAR #n + 1 
DATA REGISTER RDR. OVERRUN CLEARS IRQ IS LOST 
FULL BIT SET 
Figure 10. Effects of Overrun on Receiver 
ECHO MODE TIMING mal transmit mode if TDRE occurs (indicating end of data) an 


underflow flag would be set and continuous Mark transmitted. If 
Echo is initiated, the underflow flag will not be set at end of data 
and continuous Mark will not be transmitted. Figure 11 shows the 
relationship of RxD and TxD for Echo Mode. 


In the Echo Mode, the TxD line re-transmits the data received on 
the RxD line, delayed by 1/2 of a bit time. An internal underrun 
mode must occur before Echo Mode will start transmitting. In nor- 


END OF 


STOP START STOP START STOP DATA 


i ТТГ 
\ 


\\ \\\ \\\ LL tenor echo wove 
етү] BET | ола 


STOP START STOP START STOP 
IF ECHO MODE, 
NO UNDERFLOW, 


THEREFORE NO 
CONTINUOUS MARK 


Figure 11. Echo Mode Timing 
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FRAMING ERROR quent data words are tested separately, so the status bit always 
Framing error is caused by the absence of stop bit(s) o. on received reflects the last data word received. Figure 12 shows the relation- 
data. The framing error bit is set when the НОНЕ bitis set. Subse- ship of IRQ and RxD when a framing error occurs. 


po за START xb 4 START 


Mew ЈЕДРУ [s[sTe IS Ie Te СЗ 7 ІІ 


STOP STOP START | зтоР I START | 


| 
ЗСС caeco 4 К 


О 


NOTES: 1. FRAMING ERROR DOES NOT | MISSING 
INHIBIT RECEIVER OPERATION. STOP PROCESSOR 
] вт INTERRUPT, 
2. IF NEXT DATA WORD IS OK, FRAMING 
FRAMING ERROR IS CLEARED. ERROR 
| BIT SET 


Figure 12. Framing Error 


TRANSMIT BREAK CHARACTER $00 is stored in the IER at which time a stop bit is sent and 


A Break may be transmitted by storing a value of $00 in the IER. transmission may resume. At least one full word time of Break 
After storing zero in the IER the Break is transmitted immediately. will be sent regardless of the length of time between starting and 
Care should be exercised so that a character in transmission is. stopping the Break character. Figure 13 shows the relationship 
not disturbed inadvertently. The Break level lasts until other than of IRQ and TxD for a Transmit Break character. 


AISIST STET! Lt nnns i "ae ПОЕТ 


=, | START . xd START STOP [ТАЯТ 3d: [START 


PERIOD DURING 


WHICH PROCESSOR d ра 
— SELECTS POINT АТ WHICH 


CONTINUOUS PROCESOR | 

“BREAK” MODE НЙ INTERRUPT 
NORMAL TO LOAD 
TRANSMIT ет 
МОПЕ DATA 


Figure 13. Transmit Break Character 


NORMAL 
INTERRUPT 
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RECEIVE BREAK CHARACTER remains in this state until a stop bit is received. At this time the 
In the event that a Break character is received by the receiver, next character is to be received normally. Figure 14 shows the 
the Break bit is set. The receiver does not set the RDRF bit and relationship of IRQ and RxD for a Receive Break Character. 


Se CONTINUOUS “BREAK” STOP ~~~ N 


— | ae x eee 
ко [е]. [о] Р] Lt, оне, Lt fel) [1] Lt [ele 


STOP | START STOP START | STOP! START 


! 1! 
L -L 


| | мо b" NO INTERRUPT | 


МОНЕ SINCE RECEIVER. NORMAL 
прие processor '"N'ERRUPTS DISABLED UNTIL RECEIVER 
FOR INTERRUPT FIRST STOP BIT INTERRUPT 
RECEIVER WITH BREAK AND FRAMING ERROR BIT SET. | 
DATA REGISTER EVEN PARITY CHECK WILL ALSO GIVE A PARITY 
FULL ERROR BECAUSE ALL ZEROS (CONTINUOUS 

BREAK) REPRESENT EVEN PARITY. 


Figure 14. Receive Break Character 


AUTOMATIC ADDRESS RECOGNITION characters). When all data has been received by the slave, it's 
The DACIA offers a unique solution to the standard problem CPU must again write the slave address into the DACIA Compare 
associated with multi-drop environment UARTs and communica- Register which automatically puts it back into the Compare Mode, 
tion interface controllers. In the standard configuration used by waiting for another address character. 

other devices, the slave CPU must be constantly interrupted to | 

analyze incoming characters on the communications net to deter- GENERATION OF NON-STANDARD BAUD RATES 
mine if an address word is present and if so, does that address 

match the address assigned to the slave UART. This CPU inter- Divisors 

rupt scheme can become intolerable in very large multi-drop net- | af 
works because every slave on the communications net must The internal counter/divider circuit selects the appropriate divisor 
‘“‘wake-up”’ it’s CPU for every character sent down the network . for the crystal frequency by means of bits 0-3 of the CFR Control 
by the master. The end results is that the CPUs on the com- Register, as shown in Table 4. 


munications net are constantly being interrupted for the mundane 
task of address recognition. Generating Other Baud Rates 


By using a different crystal, other baud rates may be generated. 


To avoid this constant CPU interrupt problem, the DACIA has 
been designed to do address comparison and recognition inter- 
nally without the need for CPU intervention. Therefore, the slave 
CPU is not interrupted until the DACIA has determined that the 


These can be determined by: 


Crystal Frequency 


( dies. Baud Rate = = 

character sent over the communications net by the master was Divisor 

an address and the address matched the address stored in the | еі E 

DACIA Compare Register. At this point the DACIA interrupts the Furthermore, it is possible to drive the DACIA with an off-chip 
CPU, goes out of Compare Mode, and receives the string of oscillator to achieve other baud rates. In this case, XTALI (pin 3) 
characters being transmitted by the master, (i.e., the data must be the clock input and XTALO (pin 4) must be a nonconnect. 
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Table 4. Divisor Selection 


Control | 
Register | i Divisor Selected Baud Rate Generated Baud Rate Generated 
Bits For The With 3.6864 MHz With a Crystal 
Internal Counter Crystal of Frequency (f) 


TxC/16 = Baud Rate ог RxC/16 = Baud Rate 


| ——— — — — 16 CLOCK PULSES — —— —— — ——— —^5| 


RxD «ӨР LATCH DATA | qUP 


(1) TRANSFER DATA TO SHIFT REGISTER 


INTERNAL 
= 16 
RxS 


Figure 15. DACIA External Clock Timing — Receive Data 


[e — 16 CLOCK PULSES — — — — — — ——4 


TxC 


INTERNAL 
+ 16 
TcO . 


TRANSMIT DATA n 


Figure 16. DACIA External Clock Timing — Transmit Data 
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SPECIFICATIONS 


AC CHARACTERISTICS | | | 
(Мос = 5 Мас + 596, Vss = 0 Vdc, T, = T, to Та, unless otherwise noted) 


Characteristic 


READ/WRITE TIMING 


R/W, RSO-RS2 Valid to CS Low (Setup) 


CS Low to R/W, RSO-RS2 Read 
_ (Hold Time) | 


CS Low to Data Valid 
CS High to DTACK High 
Data Valid to CS High | 
CS High to Data Invalid (Read) 
CS High to Data Invalid (Write) 
CS Low to DTACK Low (Write) 

| Data Valid to DTACK Low (Read) 


вис. 
сву 0-0 


{сіру 


| існтн 


100 


ipvcH 


(сног 


(сног 
ст 


Фут | 


TRANSMIT/RECEIVE TIMING 


Transmit/Receive Clock Rate 


зи 


^ 
x |< 


Transmit/Receive Clock High 


to 


. Transmit/Receive Clock Low _ 
p XTALI to TxD Propagation Delay | 
|. XTALI to IRQ Propagation Delay 
.. CTS, DCD, DSR Valid to IRQ Low 
IRQ Propagation Delay (Clear) 
RTS, DTR Propagation Delay | 


Сто 
Кио 


tsvic 


нос 


— 


= 
~ A 


{ВоРО 


INTERRUPT ACKNOWLEDGE TIMING 

| с: TACK Low to Data Valid | 
АСК Low to DTACK Low 
ТАСК High to DTACK High 
ТАСК High to Data Invalid 


| {ру 


ti ті. 


UHTH 


pes 


— 
о 


Е сл 
. о 
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R68C552 . Dual Asynchronous Communications Interface Adapter (DACIA) 


ABSOLUTE MAXIMUM RATINGS* 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum ratirig conditions for extended 
periods may affect device reliability. 


— 0.3 to «7.0 


-0.3 to Voc +0.3 ud 
-0310 Усс +0.3 = 
Operating Temperature 
Commercial 


Industrial —40 to +85 


5V + 5% 
Temperature Range 


Commercial 0 to 70°C 
Industrial. - 40°C to +85°С 


DC CHARACTERISTICS E 
(Усс = 5.0 V %5%, Vss = 0, Т, = T, to Та, unless otherwise noted) 


Parameter 


Input High Voltage 
Except XTALI and XTALO 
XTALI and XTALO 


Input Low Voltage 
Except XTALI and XTALO 
XTALI and XTALO | 


Input Leakage Current Nu Vin = OV to 5.0V 
R/W, RES, RSO, RS1, RS2, RxD, CTS, DCD, DSR, RxC, Voc = 5.25V 
ТхС, CS, АСК 


Мос = 4.75V 
lLoAp = — 100 pA 


Output Low Voltage Vcc = 4.75У 
00-07, TxD, CLK OUT, RTS', ОТВ одр = 1.6 mA 


Input Capacitance 
Except XTALI and XTALO 
XTALI and XTALO 


Output Capacitance 


Notes: 

1. All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. Typical values are shown for Усс = 5.ОУ and Тл = 25°С, 
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PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP | | 1 


еее | INCHES | 

| MIN | MAX | MIN | MAX | 

| A |50.29 | 51.31 | 1.980 |2.020 | 

| B | 14.86 | 15.62 [0.585 [0.615 | 

etsa 219 [0.100 (0165. 

| 0.53 [0.015 |0.021 | 

Г 0.76 | 1.40 [0.030 [0.055 | 
E 2. 54 BSC | 0.100 BSC 

| H | 0.76] 1.78 [0.030 [0.070 | 

|J | 020| 0.33 [0.008 [0.013 | 

СК | 2.54| 4.19 [0.100 [0.165 | 

m| ог | 10° | 09 | 10° | 

[М | 0.51 | 1.52 [0.020 [0.060 | 


40-РІМ PLASTIC DIP NIU OT 


| MAX | MIN | MAX | 
| A |51.28 | 52.32 |2.040 |2.060 | 
| V | 13.72 | 14.22 [0.540 [0.560 | 


[C | 3.55 | 5.08 [0.140 [0.200 

[9 | 036] 0.51 [0.014 [0.020 
^ LE | 102, 1.52 [0.040 [0.060 
|G | 25485С | 0.100 BSC | 

Сн | 1.65] 2.16 [0.065 [0.085] 

Ба | зао | оз [ов вота 

| 3.56 [0.120 [0.140 | 

EET | ею T 3 

[M [ 7 [10 | те | 10° | 


IN | 0.51 | 1.02 [0.020 [0.040 | 
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86500 MICROPROCESSOR AND PERIPHERAL FAMILY 
Fastest Executing, Largest Selling 8-Bit Family Now Also In CMOS 


There is no microprocessor family easier to implement 
than the R6500. It's the fastest instruction executing 8-bit 
family. It's software compatible with a family of single-chip 
microcomputers. It’s available in NMOS and CMOS 
versions. It has a wide variety of CPUs and peripheral 
controllers and versatile memory-l/O-timer combinations. 

In the 8-bit range, nothing gives higher performance than 
this third generation microprocessor family. Pipeline 
architecture provides much faster instruction execution 
(1изес). Thirteen address modes provide the most efficient 
ways of addressing memory. R6500 peripherals are system 
oriented, designed to implement systems with minimum 
chips. 

And now, it’s available in CMOS, for even higher speed, 
low power applications—the R65C00 family. It’s now 
possible to move complete product and system designs 
directly into CMOS, being downward software compatible 
with the NMOS R6500 family. 


Millions of Units 
16 


15 


| 4.74 
[1.93 
NNNM 


N 
R6502 280 6800 8060/85| R6502 280 6800 8060/85| R6502 280 6800 8060/85|R6502 280 6800 8060/85 
Family Family Family | Family FamilyFamily | Family Family Family |Family Family Family 
1979 1980 | 1981 1982 


Source: Dataquest—April 1983 


Because of its inherent characteristics, the advanced 
Rockwell CMOS provides low power consumption, high 
noise immunity and high speed operation. Its 2 MHz CPU 
dissipates only 40 mW (compared to 700-800 mW in NMOS) 
and requires only 10 дА standby current. Instructions can 
be executed in only 500 nanoseconds. Instruction memory 
requirements are 2096 less due to added bit manipulation 
features. And, there are even more advantages. 

The entire 8-bit R6500 family is upward compatible with 
the 16-bit R68000 bus, software compatible to the R6500/* 
single-chip microcomputers and are the building blocks for 


"ће RM 65 module family and AIM 65 board microcomputer 


families, for a wide range of system applications. There's no 
wonder it's one of the world's largest selling families of 
microprocessors, as documented by Dataquest. (See below) 


N 


| 


Estimated Worldwide Shipments of Multisourced 8-Bit Microprocessors 


6% 


Rockwell 


. R650X and R651X- 
MICROPROCESSORS (CPU) 


DESCRIPTION 


The 8-bit R6500 microprocessor devices are produced with 
N-channel, silicon gate technology. Its performance speeds are 
enhanced by advanced system architecture. This innovative 
architecture results іп smaller chips—the semiconductor 
threshold is cost-effectivity. System cost-effectivity is further 
enhanced by providing a family of 10 software-compatible 
microprocessor (CPU) devices, described in this document. 
Rockwell also provides single chip microcomputers, memory and 
peripheral devices—as well as low-cost design aids and 
documentation. 


Ten CPU devices are available. All are software-compatible. 
They provide options of addressable memory, interrupt input, 
on-chip clock oscillators and drivers. All are bus-compatible with 
earlier generation microprocessors like the M6800 devices. 


The R650X and R651X family includes six microprocessors with 
on-board clock oscillators and drivers and four microprocessors 
driven by external clocks. The on-chip clock versions are aimed 
at high performance, low cost applications where single phase 
inputs, crystal or RC inputs provide the time base. The external 
clock versions are geared for multiprocessor system applica- 
tions where maximum timing contro! is mandatory. All R6500 
microprocessors are also available in a variety of packaging 
(ceramic and plastic), operating frequency (1 MHz, 2 MHz and 
3 MHz) and temperature (commercial and industrial) versions. 


ORDERING INFORMATION 


Part Number: Р65ХХ._ _ _ 


вата Range (T, to Ту): 
No letter 0°C to +70°С 


Е —40°С 10 +85°С 


Раскаде: | 
С Сегатіс 
Р Plastic 


Frequency Range: 

: No letter = 1 MHz 
A 2 MHz 
B 3 MHz 


Model Designator: 


XX = 02, 03, 04,...15 


Document No. 29000D39 
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FEATURES 


N-channel, silicon gate, depletion load technology 
8-bit parallel processing 

56 instructions 

Decimal and binary arithmetic 

Thirteen addressing modes 

True indexing capability 

Programmable stack pointer 

Variable length stack 

Interrupt request 

Non-maskable interrupt 

Use with any type of speed memory 

8-bit bidirectional data bus 

Addressable memory range of up to 64K iss 
"Ready" input 

Direct Memory Access capability 

Bus compatible with M6800 

1 MHz, 2 MHz, and 3 MHz versions 

Choice of external or on-chip clocks 

On-chip clock options 

—External single clock input 

—Crystal time base input ` | 

e Commercial and industrial temperature versions | 
e Pipeline architecture 

e Single +5V supply 


R6500 CPU FAMILY MEMBERS 
Microprocessors with Internal Two Phase Clock Generator 


Model 


R6502 
R6503 
R6504 
R6505 
R6506 
R6507 


No. Pins Addressable Memory 


64K Bytes 
АК Bytes | 
8K Bytes | 

АК Bytes | 
4K Bytes 
8K Bytes 


Microprocessors with External Two Phase Clock Input 


Addressable Memory 


64K Bytes 
АК Bytes | 
8K Bytes 
4K Bytes 


Model 


R6512 
R6513 
R6514 
R6515 


No. Pins 


Data Sheet Order No. D39 
Rev. 6, February 1984 


R650X, R651X 
INTERFACE SIGNAL DESCRIPTIONS 


CLOCKS (01, 22) _ 


The R651X requires a two phase non-overlapping clock that 


runs at the Vcc voltage level. The R650X clocks are supplied 
with an internal clock generator. The frequency of these clocks 
_ is externally controlled. 


ADDRESS BUS (A0-A15, R6502) 


The address line outputs access data in memory device loca- 
tions or cells, access data in I/O device registers and/or effect 
logical operations in ИО or controller devices depending on 
system design. The addressing range is determined by the 
number of address lines available on the particular CPU device. 
The Н6502 and R6512 can address 64K bytes with a 16-bit 
address bus (A0-A15); the R6504, R6507, and the R6514 can 
address 8K bytes with a 13-bit address bus (A0-A12); and the 
R6503, R6505, R6506, R6513, and R6515 can address 4K 
bytes with a 12-bit address bus (АО-А11). These outputs аге 
TTL-compatible and are capable of driving one standard TTL 
load and 130 pF. | 


DATA BUS (D0-D7) 


The data lines (00-07) form ап 8- bit ана data bus 
which transfers data between the CPU and memory or periph- 
eral devices. The outputs are tri-state buffers capable of driving 
опе аанча TTL load and 130 pF. 


DATA BUS ENABLE (DBE, R6512 ONLY) 


The TTL-compatible DBE input allows external control of the tri- 
state data output buffers and will enable the microprocessor bus 
driver when in the high state. In normal operation DBE is driven 
by the phase two (02) clock, thus allowing data output from 
microprocessor only during £2. During the read cycle, the data 
bus drivers are internally disabled, becoming essentially an 
open circuit. To disable data bus drivers externally, DBE shouig 
be held low. 


READY (RDY) 


The Ready input signal allows the user to halt or Single cycle 
the microprocessor on all cycles except write cycles. A negative 
transition to the low state during or coincident with phase one 
(81) will halt the microprocessor with the output address lines 
reflecting the. current address being fetched. If Ready is low 


during a write cycle, it is ignored until the following read oper- . 


ation. This condition will remain through a subsequent phase two 
(82) in which the Ready signal is low. This feature allows micro- 
processor interfacing with the low speed PROMs as well as 
Direct Memory Access (DMA). 


INTERRUPT REQUEST (ВО) 


The TTL level active-low IRQ input requests that an erabi 
sequence begin within the microprocessor. The microprocessor 


will complete the current instruction being executed before гес-. 


ognizing the request. At that time, the interrupt mask bit in the 
Processor Status Register will be examined. If the interrupt 
mask flag is not set, the microprocessor will begin an interrupt 
sequence. The Program Counter and Processor Status Register 


R6500 Microprocessors (CPU) 


are stored in the stack. The microprocessor will then set the 
interrupt mask flag high so that no further interrupts can occur. 


At the end of this cycle, the program counter low will be loaded 


from address FFFE, and program counter high from location 
БЕБЕ, therefore transferring program control to the memory 


. vector located at these addresses. The RDY signal must be in 
| the high state for any interrupt to be recognized. A ЗКО external 


resistor should be used for proper wire-OR operation. 


NON-MASKABLE INTERRUPT (ММІ) 


A negative going edge on the ММ! input requests that a non- 
maskable interrupt sequence be generated within the micro- 
processor. 


NMI is an unconditional interrupt. Following completion of the 
current instruction, the sequence of operations defined for IRQ 
will be performed, regardless of the state interrupt mask flag. 
The vector address loaded into the program counter, low and 
high, are locations FFFA and FFFB respectively, thereby trans- 
ferring program control to the memory vector located at these 
addresses. The instructions loaded at these locations cause the 
microprocessor to branch to a non-maskable interrupt routine _ 
in memory. | 


NMI also requires ап external зко register to Voc for proper 
wire-OR operations. 


Inputs ІНО and ММІ are hardware interrupts iee that are sam- 
pled during Ø2 (phase 2) and will begin the appropriate interrupt 
routine on the £1 (phase 1) following the completion of the cur- 
rent instruction. _ 


SET OVERFLOW FLAG (50) 


A negative going edge on the SO input sets the overflow bit in 
the Processor Status Register. This signal is sampled on the 
trailing edge of 01 and must be externally synchronized. 


SYNC 


The SYNC output line identifies those cycles in which the micro- 
processor is doing an OP CODE fetch. The SYNC line goes high 
during £1 of an OP CODE fetch and stays high for the remainder 
of that cycle. If the RDY line is pulled low during the @1 clock 
pulse in which SYNC went high, the processor will stop in its 
current state and will remain in the state until the RDY line goes 
high. In this manner, the SYNC signal can be used to control 
RDY to cause single instruction execution. 


RESET (RES) 


The active low RES resets, or starts, the microprocessor from 
a power down or restart condition. During the time that this line 
is held low, writing to or from the microprocessor is inhibited. 
When a positive edge is detected on the input, the microproc- 
essor will immediately begin the reset sequence. 


After a system initialization time of six clock cycles, the mask 
interrupt flag is set and the microprocessor loads the program 
counter from the memory vector locations FFFC and FFFD. This 
is the start location for program control. 


After Vcc reaches 4.75 volts in a power up routine, reset must 
be held low for at least two clock cycles. At this time the R/W 
and SYNC signals become valid. | 
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R6502 FEATURES 


64K addressable bytes of memory (A0-A15) 
IRQ interrupt 
e On-chip clock 
TTL-level single phase input 
RC time base input 
crystal time base input 


SYNC signal : 
(сап be used for single instruction execution) 


RDY signal 

(can be used to halt or single cycle execution) 
Two phase output clock for timing of support chips 
NMI interrupt 

40-pin DIP 


фә (OUT) 


R6503 FEATURES Фо UN) 


R/W 
i [2 DO 
D1 


e АК addressable bytes of memory (А0-А11) 
e On-chip clock | 

e IRQ interrupt 

e ММІ interrupt 

e 8-bit bidirectional data bus 

e 28-pin DIP 


R6504 FEATURES 


8K addressable bytes of memory (АО-А12) 
On-chip clock 

e ВО interrupt 

e 8-bit bidirectional data bus 

e 28-pin DIP 


R6505 FEATURES 


4K addressable bytes of memory (A0-A11) 
On-chip clock 

IRQ interrupt 

RDY signal 

8-bit bidirectional data bus 


28-pin DIP 


2-5 


R650X, R651X TP R6500 Microprocessors (CPU) 


R6513 FEATURES 
4K addressable bytes of memory (АО-А11) 
Two phase clock input 
IRQ interrupt 
NMI interrupt 
8-bit bidirectional data bus 
28-pin DIP 


R6514 FEATURES 
8K addressable bytes of memory (A0-A12) 


Two phase clock input 
ВО interrupt | 
8-bit bidirectional data bus 


А6515 FEATURES 


4K addressable bytes of memory (A0-A11) 
Two phase clock input 

IRQ interrupt 

RDY signal 

8-bit bidirectional data bus 
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28r3 $2 (OUT) ^ 
R6506 FEATURES 
4K addressable bytes of memory (A0-A11) 


e 

e On-chip clock 
e ВО interrupt 
e 
e 


Two phase output clock for timing of support chips - 
8-ри bidirectional data bus 
e 28-pin DIP 


R6507 FEATURES 


8K addressable bytes of memory (A0-A12) 
On-chip clock | | | 
RDY signal | 

8-bit bidirectional data bus 

28-pin DIP | | 


фо (OUT) 
5.0. | 
фә (IN) = 

R6512 FEATURES - we. 

64K addressable bytes of memory (АО-А15) алу 

IRQ interrupt DO 


көгө D1 
NMI interrupt D2 


RDY signal D3 
8-bit bidirectional data bus 04 


SYNC signal | bé 
Two phase clock input 07 


Data Виз Enable - A15 
40-pin DIP | А14 
А13 
А12 
№55 


*Pins 37 and 39 are connected internally 
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FUNCTIONAL DESCRIPTION 


The internal organization of all R6500 CPUs is identical except 
for some variations in clock interface, the number of address 


output lines, and some unique nS lines between 


versions. 


CLOCK GENERATOR 


= The clock generator develops all internal clock signals, and (where 

` applicable) external clock signals, associated with the device. It is 
the clock generator that drives the timing control unit and the exter- 
nal timing for slave mode operations. 


TIMING CONTROL 


The timing control unit keeps track of the instruction cycle being 
monitored. The unit is set to zero each time an instruction fetch is 
executed and is advanced at the beginning of each phase one 
clock. pulse for as many cycles as is required to complete the 
instruction. Each data transfer which takes place between the reg- 
isters depends upon decoding the contents of both the instruction 
register and the timing control unit. | 


PROGRAM COUNTER 


The 16-bit program counter provides the addresses which step - 


the microprocessor through sequential instructions in a program. 


Each time the microprocessor fetches an instruction from pro- 
gram memory, the lower byte of the program counter (PCL) is 
placed on the low-order bits of the address bus and the higher 
byte of the program counter (PCH) is placed on the high-order 8 
bits. The counter is incremented each time an instruction or data 
is fetched from program memory. 


INSTRUCTION REGISTER AND DECODE 


Instructions fetched from memory are gated onto the internal 
data bus. These instructions are latched into the instuction regis- 
. ter, then decoded, along with timing and interrupt signals, to gen- 
erate control signals for the various registers. 
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ARITHMETIC AND LOGIC UNIT (ALU) 


All arithmetic and logic operations take place in the ALU including 
incrementing and decrementing internal registers (except the pro- 
gram counter). The ALU has no internal memory and is used only to 
perform logical and transient numerical operations. `- 


ACCUMULATOR 


The accumulator is a general purpose 8-bit register that stores 
the results of most arithmetic and logic operations, and in addi- 
tion, the accumulator usually contains one ol the two data words 
used in these aud | 


INDEX REGISTERS . 


There are two 8-bit index registers (X and Y), which may be used 
to count program steps or to provide an index value to be used in 
generating an effective address. | 


When executing an instruction which specifies indexed addressing, 
the CPU fetches the op code and the base address, and modifies 
the address by adding the index register to it prior to performing the 
desired operation. Pre- or post-indexing of indirect addresses is 
possible (see addressing modes). . 


STACK POINTER 


The stack pointer is an 8- bit гоз йя ме. to control the addressing | 
of the variable-length stack on page one. The stack pointer is auto- 
matically incremented and decremented under control of the micro- 
processor to perform stack k manipulations under direction of either 
the program or interrupts (NMI) and IRQ). The stack allows simple 
implementation of nested subroutines and multiple level interrupts. 
The stack pointer should be initialized before any interrupts or stack 
operations occur. 


PROCESSOR STATUS REGISTER 


The 8-bit processor status register contains seven status flags. 
Some of the flags are controlled by the program, others may be 
controlled both by the program and the CPU. 
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46- REGISTER SECTION CONTROL SECTION ——» 
RES IRQ NMI 
АО INDEX 
а | e >- INTERRUPT 
REGISTER 
i ос 
: | TT 
A2 INDEX 
E 
as RDY? 
A3 | | 
ABL | SYNC? 
АЯ 5ТАСК 
‘om POINT em 
REGISTER 
(S) 
АБ 
INSTRUCTION 
DECODE 
Аб 
А? 
ADDRESS 
BUS? 
ra | | | 
oe < ACCUMULATOR |_| TIMING 
= 
< БЖ CONTROL |. 
A9 с 
и 
= $1 ами 
A10 $i | 
$2 (IN) 
an E 
CLOCK 
1 фо (IN)? 
A15 GENERATOR | 
и 56 · 
» фт (OUT)5 
A13 | 
Ф>(омтуз 
| ВАМ | 
А14 
| фаз, DBE? 
DATA BUS baad INSTRUCTION 
| в 
А15 BUFFE „аш REGISTER 


Е-Е is 
LEGEND: [| ү Es 
ifi m шише оз РАТА 
= 8 BIT LINE BaD "E 808 

ща 05 
| = 1 BIT LINE id 
NOTE | 
1. CLOCK GENERATOR IS NOT INCLUDED ON R6512, 16513, 16514 АМО R6515. 
. ADDRESSING CAPABILITY AND CONTROL OPTIONS VARY WITH EACH ОҒ 
THE CPUs. | 

. R6502, R6503, R6504, 86505, R6506 АМО 16507. 
. 16512, А6513, 86514 AND R6515. 
. 86512 ONLY. 
. R6502 ONLY. 


к 


On bw 


R650X and R651X Internal Architecture 
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R6500 Microprocessors (CPU) 


INSTRUCTION SET 


The R6500 CPU has 56 instruction types which are enhanced 
by up to 13 addressing modes for each instruction. The accu- 


mulator, index registers, Program Counter, Stack Pointer and | 
Processor Status Register are illustrated below. 


Alphabetic Listing of Instruction Set 


Add Memory to Accumulator with Carry 
"AND" Memory with Accumulator 
Shift Left One Bit (Memory or Accumulator) 


Branch on Carry Clear 

Branch on Carry Set 

Branch on Result Zero 

Test Bits in Memory with Accumulator 
Branch on Result Minus 

Branch on Result not Zero 

Branch on Result Plus 

Force Break 

Branch on Overflow Clear 

Branch on Overflow Set 


Clear Carry Flag 

Clear Decimal Mode 

Clear Interrupt Disable Bit 

Clear Overflow Flag T 
Compare Memory and Accumulator | 
Compare Memory and Index X 
Compare Memory and Index Y 


Decrement Memory by One 
Decrement Index X by One 
Decrement Index Y by One 


"Exclusive-OR" Memory with Accumulator 


Increment Memory by One 
Increment Index X by One 
Increment Index Y by One 


7 о 

7 | 0 | 
INDEX REGISTER 
> | Дая 


[— X — | moex REGISTER 
0 | | 
PROGRAM COUNTER "PC" 


STACK POINTER "S" 


Programming Model 


2-10 


Jump to New Location | 
Jump to New Location Saving Return Address 


Load Accumulator with Memory 

Load index X with Memory 

Load Index Y with Memory 

Shift One Bit Right (Memory or Accumulator) 
No Operation 


"OR" Memory with Accumulator 


Push Accumulator on Stack 


· Push Processor Status on Stack 
"Ри! Accumulator from Stack 


Pull Processor Status from Stack 


Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory or Accumulator) 
Return from Interrupt. 


Return from Subroutine 


Subtract Memory from Accumulator with Borrow 
Set Carry Flag 

Set Decimal Mode 

Set Interrupt Disable Status 

Store Accumulator in Memory 

Store Index X in Memory 

Store Index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register 
Transfer Index Y to Accumulator 


7 0 | 
мм в]2[1[2[С] processor STATUS REG “ғ” 


| CARRY 1- TRUE 

ZERO 1- RESULT ZERO 
IRQ DISABLE 1 = DISABLE 
. DECIMAL МОРЕ 1- TRUE 
-BRK COMMAND 1 =ВАК 
OVERFLOW _ 1 TRUE 


NEGATIVE 1= МЕС. 
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ADDRESSING MODES 


The R6500 CPU family has 13 addressing modes. In the following 
discussion of these addressing modes, a bracketed expression fol- 
lows the title of the mode. This expression is the term used in the 
Instruction Set Op Code Matrix table (later in this product descrip- 
tion) to make it easier to identify the actual addressing mode used 
by the instruction. 


ACCUMULATOR ADDRESSING [Accum]— This form of ad- 


dressing is represented with a one byte instruction, implying an ` 


operation on the accumulator. 


IMMEDIATE ADDRESSING [IMM]—In immediate addressing, 


the second byte of the instruction contains the operand, with no | 


further memory addressing required. 


ABSOLUTE ADDRESSING [Absolute]—In absolute address- 
ing, the second byte of the instruction specifies the eight low 


order bits of the effective address while the third byte specifies | 


the eight high order bits. Thus, the absolute addressing mode 
allows access to the entire 64K bytes of addressable memory. 


ZERO PAGE ADDRESSING [ZP]—The zero page instructions 
allow for shorter code and execution times by fetching only the 
second byte of the instruction and assuming a zero high address 
byte. Careful use of the zero page can result in significant 
increase in code efficiency. 


INDEXED ZERO PAGE ADDRESSING [2Р, X ог Y]—(X, Y 
indexing) —This form of addressing is used with the index reg- 
ister and is referred to as “Zero Page, Х" or “Zero Page, У". 
The effective address is calculated by adding the second byte 
to the contents of the index register. Since this is a form of “Zero 
Page” addressing, the content of the second byte references 
a location in page zero. Additionally, due to the “Zero Page” 
addressing nature of this mode, no carry is added to the high 
order eight bits of memory and crossing of page boundaries 
does not occur. 


INDEXED ABSOLUTE ADDRESSING [ABS, X or Y]—(X, Y 
indexing)—This form of addressing is used in conjunction with 
Х апа У index register and is referred to as “Absolute, Х” and 
“Absolute, У". The effective address is formed by adding the 
contents of X or Y to the address contained in the second and 
third bytes of the instruction. This mode allows the index register 
to contain the index or count value and the instruction to contain 
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the base address. This type of indexing allows any location ref- 
erencing and the index to modify multiple fields, (TESI in 
reduced coding and execution time.  - 


IMPLIED ADDRESSING [Implied]—in the implied addressing 
mode, the address containing the operand is implicitly stated in 
the operation code of the instruction. 


RELATIVE ADDRESSING [Relative]—Relative addressing is 
used only with branch instructions and establishes a destination 
for the conditional branch. 


The second byte of the instruction becomes the operand which 
is an “Offset” added to the contents of the lower eight bits of 
the program counter when the counter is set at the next instruc- 
tion. The range of the offset is —128 to +127 bytes from the 
next instruction. 


INDEXED INDIRECT ADDRESSING [(IND, X)]—In indexed 
indirect addressing (referred to as (Indirect, X)), the second byte 
of the instruction is added to the contents of the X index register, 
discarding the carry. The result of this addition points to a 
memory location on page zero whose contents are the low order 
eight bits of the effective address. The next memory location in 
page zero contains the high order eight bits of the effective 
address. Both memory locations specifying the high and low 
order bytes of the effective address must be in page zero. 


INDIRECT INDEXED ADDRESSING ((ІМО), Ү]—1п indirect 
indexed addressing (referred to as (Indirect), Y), the second 
byte of the instruction points to a memory location in page zero. 
The contents of this memory location are added to the contents 
of the Y index register, the result being the low order eight bits 
of the effective address. The carry from this addition is added 
to the contents of the next page zero memory location, the result 
being the high order eight bits of the effective address. 


ABSOLUTE INDIRECT [Indirect] —The second byte of the 
instruction contains the low order eight bits of a memory loca- 
tion. The high order eight bits of that memory location are con- 
tained in the third byte of the instruction. The contents of the 
fully specified memory location are the low order byte of the 
effective address. The next memory location contains the high 
order byte of the effective address which is loaded into the six- 
teen bits of the program counter. (JMP (IND) only) 


R650X, В651Х_ 


R6500 Microprocessors (CPU) 


INSTRUCTION SET OP CODE MATRIX 


The following matrix shows the, Op Codes associated with the number of instruction bytes, and the number of machine cycles 
R6500 family of CPU devices. The matrix identifies the hex- associated with each Ọp Code. Also, refer to the instruction set 
adecimal code, the mnemonic code, the addressing mode, the . summary. for additional information on these Op Codes. 

HE. du: 2 3 4 25 бе, T B Ug" Ав 26 D ЈЕ ЈЕ 


Q 

а 

= | ВАК | ОВА. 

0 | Implied | (IND, X) 
EE 6 


.BPL | ORA . 
Relative | (IND), Y 
“2 2" 12 5 


PHP 
Implied 


CLC | 
implied 
1 2 


Implied 
1 4 


Implied 
12` 
PHA | 
implied 
1-3 
си 
Implied . 
1 2 
PLA. 
Implied 
174: 


SEI 
Implied | ABS, Y 

TXA 
Implied 


X^ DEY 
| implied 
1 2 1 2 


Relative 
г 2" 


RTI 
4 | Implied 


ABS, X 
17 


LSR 


ABS 
3 6 
LSR 

ABS, X 
3 7 

_ ABS 
3 6 


"RIS | 
Implied 
16 


| Relative 
2 2“ 


сэ E 
+ 
» 


всс 
Relative 


TYA STA TXS 
Implied | ABS, Y |Implied 
1 2 3 5 1 2 


1522 22% 
| ТАМ LDA | TAX LDX 
A Implied | IMM  |Implied ABS A 
12 | 22 1 2 3 4 
BCS | LDA CLV | LDA | TSX LDX 
В | Relative | (IND), Y Implied | ABS, Y | implied B 
2 2"12 5 1213 4 |12 3-4 | 
МУ ; DEX DEC ; 
С Implied | Implied | АВ5 С 
12 | 12 3 6 
| CLD | СМР. CMF | DEC 
D | Relative| (IND), Y Implied | ABS, Y ABS, X | ABS, X D 
12 |3 4 34137 
СРХ SBC. INX SBC NOP CPX SBC INC | 
Е IMM | (МО, X) Implied | ІММ | Implied ABS ABS ABS E 
22126 "12122 12 34| 34136 
| ВЕО 5ВС SED SBC SBC INC 
Е | Relative| (IND), Y Implied | ABS, Y ABS, X | ABS, X | Е 
2 2"1 2 5 12 3 4* 3 4* 3 7 
0 1 2 3 4 5 6 7 8 9 A B с D E F 
*Add 1 to N if page boundary is crossed. 
“Ааа 1 to МИ branch occurs to same раде; 
BRK | —OP Code | add 2 to N if branch occurs to different раде. 
0 | Implied | —Addressing Mode | | | 
1 7 | —lnstruction Bytes; Machine Cycles 
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R650X, R651X . R6500 Microprocessors (CPU) 


INSTRUCTION SET SUMMARY 


PRO R STATUS 


Ay pete 
jawemouc | | оғнаты 290500500500560500560500500500500508500% 851-7 8 именонс 


А + М+С-А (4) (1) 212 160 3 |6513 12 61 71) 5 |2 |75 
(4) 212 |20 3 |25| 312 2131] 5 | 2. [35 2 3 139 
3 106] 5 |2 


ААМ-А 
ст 91-0 
BRANCH ОМ С 
BRANCH ONC 
BRANCHONZ = 1 (2) 
AAM 
BRANCHONN = 1 (2) 
BRANCHONZ = 0 (2) 
BRANCH ОМ N (2) 
BREAK 
BRANCH ON V 
BRANCH ON V 
0-С 


н 
о 


(2) 


и 
© 


E 
5 а 
м ~ 


1+C 


58| 2 
ва! 2 
CD 3 |С5 с! 2 2 |05 2 3 
2 ЕС 3 |Е4 
2 | 21сс 3 | са 
СЕ 3|cej 5 | 2 06 2|pE| 7 | 3 
CA| 2 
88 | 2 
2 | 2 |40 45| 3|2 55 2 |50 | 4 | 3 
ЕЕ 3|Е6|512 F6 2 |ҒЕ 3 
Хат х Е8| 2 
у «1-Y C8, 2 
JUMP TO NEW LOC ac} 3 | 3 
JUMP SUB 2006 | 3 
M-A A9! 2 АП) 4 | 3 jas] 3 | 2 B5 2 {BDI 4 |3 
м-х А2| 2| 2 ЈАЕ| 4 | 31 АБ] 31 2 
М – У aoj 21 2 |АС| 4|3|A4| 3| 2 ва 2 јвс| 4 | з 
опус 4Е| 6 | 3| 46| 5 | 2 |4А| 2 | ! 56 215Е] 7 | 3 
МО OPERATION EA| 2 
АУМ-А 09| 2 | 2 |00| а | з|о5 | 3 | 2 15 21014 | 3 
3 
3 
4 
4 
36 2 |3Е| 713 
Севт ма 3 5 211 76 гјте|7]3 
RTRN INT 40| 6 
RTRN SUB 60| 6 
A-M-C-A 2 |2 3|E5| 3 | 2 Е5 2 |ко|а | 3 
38 | 2 
F8| 2 


en 
I^] 


781 2 | 1 

A 

x 

Y 

A АА 

А- АВ 
5- ВА 
x BA 
X ~ 9A 
Y- 98 


ADD 110 N IF PAGE BOUNDARY IS CROSSED 


12) АОО1ТО М IF BRANCH OCCURS ТО SAME РАСЕ 
ADD2TO М IF BRANCH OCCURS TO DIFFERENT PAGE 


(31 CARRY МОТ = BORROW 


(4) IF IN DECIMAL MODE. Z FLAG IS INVALID 
ACCUMULATOR MUST BE CHECKED FOR ZERO RESULT 


с с о 
ото 
о ~ о 
œ о с 
oO uU 
о ~ ~ 
кө N ~ 


INDEX X - MEMORY ВИ 7 
INDEX Y - SUBTRACT MEMORY BIT 6 
ACCUMULATOR ^ AND NO. CYCLES 
MEMORY PEREFFECTIVE ADDRESS OR NO. BYTES 

S MEMORY PER STACK POINTER EXCLUSIVE OR 


4 


hme N NN KKN RNIN 


ЕР «< х 
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R650X, R651X R6500 Microprocessors (CPU) 


R650X CLOCK TIMING 


$0 (IN) — —— жь 


FO 


: 20У 2.0У 
$i (OUT) | 
emi ұтым 
08У 0.8 
Tp Tp | 
ТЕ Трена, 
$2 (OUT) 20V 20У 2.0У 
ову ову 0 
FA FB 
_ R651X CLOCK TIMING 
Tevc 
T 
Тя РИН, ть 
М. -0.2У z 
$1 (IN) Mop У cc 03 Усс iex: 
0.2V / 0.2 V 0.2 V 
Tp To 
$2 (IN) Vec 92У Усс - 0.2 У сс 9-2 
0.2 У 0.2 У 0.2 V 
Tr | | TR Труна | 
ВЕРА REFB 


R65XX READ WRITE TIMING 


ZEE m1 ME 
a 
o а 


DATA LINES 
READ 


cc DSU HA 
| vend 
Tur 

DATA LINES [sav 
ж пе 

20У 
$YNC | 

YH 


" 5 ag: кегі ЕСЕН 


p—s 
77///// 


REFA 


R650X, R651X | R6500 Microprocessors (CPU) 


AC CHARACTERISTICS 


R65XXB 
(3 MHz) 


R650X CLOCK TIMING 
ЕСЕ! 


60 
60 


ELE ШІ 
Е a 
MENU 
ДЕГСН ЖН 
ЕСЕ ШЕ 
НЕСІН Және 


Delay Between 01 (OUT) and 02 (OUT) СЕЕ 


$1 (OUT), 02 (OUT) Rise and Fall TT 
Timet. 2 


— 
л о 


R651X CLOCK TIMING 


Clock Cycle Time 
$1 (IN) High Pulse Width 


эё (ту На Pao Wa 
Delay Between 01 and #2 


61 (IN), 02 (IN) Rise and Fall Time’: 3 
R65XX READ/WRITE TIMING 


BON 

BE 

Г 
т ШЕШ 
— 


R/W Hold Time 


Notes: 


1. Loads: All output except clocks = 1 TTL + 130 pF. Clock outputs = 1 TTL + 30 pF. 
2. Measured between 0.8 and 2.0 points on waveform load. 

3. Measured between 10% and 90% points on waveforms. 

4. *RDY must never switch states within Rap, to end of #2. 


R650X, R651X КЕЕ 26500 Microprocessors (CPU) 


RECOMMENDED TIME BASE GENERATION FOR R6502 


(1 MHz — 3 MHz)* 


*CRYSTAL: CTS KNIGHTS MP SERIES, OR EQUIVALENT 
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R650X, R651X БЕН |... — R6500 Microprocessors (CPU) 
ABSOLUTE MAXIMUM RATINGS* 


[Parameter [ушш] vau Дом. 
- Supply Vollage "TM |. Мос | — 0.310. +7.0 
“Input Voltage -0.3 to +70 | Мас | 


‚ Operating Temperature Range ТА - C 
– 40 to +85 


Commercial 

. Industrial 

[Stage Temperate |7 [85 +10 |507 
OPERATING CONDITIONS 


[Parameter | эле | ve | 
| Supply Voltage — e — 5V +5% 


Temperature Range : 
Commercial | .0*C to 70°С. i Е 
Industrial – 40°С to + 85°С ONE к | | я 


^ *NOTE: Stresses above those listed may cause permanent 

_ damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions. above 
those indicated in the other sections of this document is not. 

. implied. Exposure to absolute maximum rating conditions. for 
extended periods may affect device reliability. | 


DC CHARACT ERISTICS 
(Мсс = 5.0V +5%, Vss = 0, ТА = Т, to Te unless otherwise noted). 


Input High Voltage 

Logic, 90 (IN) 

01 (IN), 02 (IN) 

Input Low Voltage 

Logic, #0 (IN) 

$1 (IN), 62. (IN) 

Input Leakage Current 
Logic (Excl. RDY, S.O.) 
01 (IN), 92 (IN) 

00 (IN) E 

Input Leakage Current for Three State Off = 0.4V to 2.4V- 
00-07 | | | | Voc = 5.25V 

Output High Voltage | Б | | 
SYNC, 00-07, A0-A15, ВАМ, $1 (OUT), " [un U Boo прасе: | e = 4.757 

Output Low Voltage | | | одр = 1.6 mA 
SYNC, 00-07, А0-А15, R/W, $1 (OUT), д2 (oun. | | Усс = 4.75М 


Power Dissipation 
1 and 2 MHz 
3 MHz 


Capacitance 
Logic 
00-07 2 
A0-A15, R/W, SYNC 
© бо (IN) | 
фи у 
02 (ІМ) 


Notes: 

1. All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 

3. АО and ММ! require ЗК pull-up resistor. 

| 4. 01 (IN) and 02 (IN) apply to R6512, 13, 14, and 15; 00 (ІМ) applies to 86502, 03, 04, 05, 06 and 07. 
5. Typical values shown for Усс = 5.0V and T4 = 25°С. | | 
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_ R6501Q е Н65110 
R6500 Microcomputer System 


g E | | 222 965010 AND 6511. о 


Rockwell 


_ ONE-CHIP MICROPROCESSOR 


. INTRODUCTION | 5 


The Rockwell R6501Q and R6511Q are extended, high perform- ° 
ance 8-bit NMOS-3, single chip microprocessors, and are com- ` è 
patible. with all members of the R6500 family. x 


. The devices contain an enhanced R6502 CPU, an internal clock | 
oscillator, 192 bytes of Random Access Memory, and versatile 
interface circuitry. The interface circuitry includes two 16-bit pro- 
grammable timer/counters, 32 bidirectional input/output lines 
(including four edge sensitive lines and input latching on one 
8-bit port), a full-duplex serial ИО channel, ten interrupts and 
bus expandability. A full 16-bit address bus and 8-bit data bus 
provide accessing to 65K bytes of external memory. | 


The devices come in a 64-pin Quad Inline package (QUIP). 


The devices may be used as a СРИ-ВАМ-/О counter device 
in multichip systems or as an emulator for the R6500/11 family 
of microcomputers. They provide all R6500/11 interface lines, 
plus the address bus, data bus and control lines to interface with 
external memory. | 


SYSTEMS DEVELOPMENT 


Rockwell supports development of the devices with the Rockwell 
Design Center System and the R6500/* Personality Set: Com- 
plete in-circuit emulation with the Personality Set allows total 
systems test and evaluation. 


This data sheet is for the reader familiar with the R6502 CPU 
hardware and programming capabilities. For additional infor- 
mation see the R6501Q Product Description, (Document Order 
Number 2145) or the R6511Q Product Description, (Document 
: Order Number 2133). 


ORDERING INFORMATION 


Part Package Frequency Temp. 
Number Type Option Range 


R6501Q Plastic (QUIP) 0°С to 709С 


R6501AQ- Plastic (QUIP) 09С to 70°С 
R6511Q Plastic (QUIP) 0°C to 70°С 
R6511AQ Plastic (QUIP) 0°С to 70°C 


FEATURES 


• Enhanced R6502 CPU | 
. —Four new bit manipulation instructions 
Set Memory Bit (SMB) 
Reset Memory Bit (RMB) 
- Branch on Bit Set (BBS) | 


Branch on Bit Reset (BBR) | e 
—becimal and binary arithmetic modes | • 
—13 Addressing modes | e 


— True indexing 


Document No. 29000D84 
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192-byte static RAM 

32 bidirectional, TTL-compatible МО lines (four ports) 

One 8-bit port may be tri-stated under software control 
One 8-bit port may have latched inputs under software control 
Two 16-bit programmable counter/timers, with 3 latches 

— Pulse width measurement | 

—Pulse generation (1 zm 1 asymmetrical) 
—interval timer 

--Еуеп! counter 


| —Retriggerable interval timer 
‘Serial Port’ — Full Duplex, Buffered UART 
| —Receiver Wake ыр and Transmitter: End of Transmission 


» Features в 
—Programmable Standard Asynchronous Baud Rates from 

50 to 125K bits/sec at 2 MHz 

. Satisfies SMPTE 422 Broadcast Standard е Data, рау, 

1 Stop) а! 38.4K bits/sec 


 —Programmable 5-8 bit Character Lengths, with or without 


parity 
--Несеіуег Error Detection for Framing, Parity, and Overrun 


—Synchronous Shift Register alternate mode (250KC at 
2 MHz) 


Ten interrupts 


---Ғош edge-sensitive lines; two positive, two negative 


—Two counter underflows 

— Serial data receiver buffer full 
—Serial data transmitter buffer empty | 
—Non-maskable 


 —Reset 
Full data and address pins for 65K bytes of external memory 


Flexible clock circuitry 
—2 MHz or 1 MHz internal operation 


—Internal clock with external XTAL at four times internal fre- 
quency (В65010) or two times internal frequency (R6511Q) 


. —External clock input divided by one or four (R6501Q) or one 


or two (R6511Q) 
68% of the instructions have execution times less than 2 us 


аі 2 MHz 
‚ NMOS-3 silicon gate, depletion load technology - 
Single +5V power supply 


12 mW stand-by power for 32 bytes of the 192-byte RAM 
65-pin QUIP | 


R6501Q has pullup resistors on PA, PB, and PC 
R6511Q has no pullup resistors 


Data Sheet Order No. D84 
Rev. 3, March 1984 


R6501Q and R6511Q_ 


FUNCTIONAL DESCRIPTION 


CENTRAL PROCESSING UNIT (CPU) 


The internal CPU of the device is a standard R6502 configuration 
with the standard R6502 instructions plus 4 new bit manipulation 
instructions: These new bit manipulator instructions form an 
enhanced R6502 instruction set and improve memory utilization 
efficiency and performance. 


Set Memory Bit (SMB #,ADDR.) 
This instruction sets to “1” one bit of the 8-bit data field specified 


by the zero page address (memory or I/O port). The first Буе. 


of the instruction specifies the SMB operation and which one 
of 8 bits to be set. The second byte of the instruction designates 
the address (0-225) of the byte or /О port to be operated upon. 


Reset Memory Bit (RMB #,ADDR.) 


This instruction is the same operation and format as the SMB 
_ instruction except a reset to “0” of the bit results. 


Branch on Bit Set Relative (BBS #,ADDR.,DEST) 


This instruction tests one of 8 bits designated by a 3-bit immedi- 
ate field within the first byte of the instruction. The second byte 
is used to designate the location of the byte or I/O port to be 
tested within the zero page address range. The third byte of the 
instruction is used to specify the 8-bit relative address to which 
the instruction branches if the bit tested is a “1”. If the bit tested 
is not set, the next sequential instruction is executed. 


Branch on Bit Reset Relative (BBR #,ADDR.,DEST) 


This instruction is the same operation and format as the BBS 
instruction except that a branch takes place if the bit tested is 
a "or. 


Random Access Memory (RAM) 


The RAM consists of 192 by 8 bits of read/write memory with 
. an assigned page zero address of 0040 through OOFF. The 
devices provide a separate power pin (Var) which may be used 
for standby power. In the event of the loss of Vcc power, the 
lowest 32 bytes of RAM data will be retained if standby power 
is supplied to the Мад pin. 


Clock Oscillator 


The clock oscillator provides the basic timing signals. A reference 
frequency can be generated with the on board oscillator (with 
external crystal) or an external reference source can be driven 
into the XTLI pin. If the XTLO pin is left floating, the reference 
frequency is internally divided by four (R6501Q) or two (R6511Q) 


to obtain the internal clock. The internal clock is then available - 
as an output at the 02 pin. The XTLI pin may be used as an 


. undivided clock input by connecting XTLO to Маг, in which 
. case the internal division circuitry is bypassed and the device 
operates at the reference frequency. 


Parallel Input/Output Ports 


The devices have 32 /О lines grouped into four 8-bit ports (PA, 
РВ, PC, PD). Ports A through C may бе used either for input 
or output individually, or in groups of any combination. The 


2-19 


One-Chip Microprocessor 


R6501Q has pullup resistors on PA, PB and PC. The R6511Q 
has no pullup resistors. Port D may be used as all inputs or all 
outputs. It has active pull-ups. _ 


Port A (PA) can be programmed as a standard parallel 8-bit I/O 
port or under software control as serial I/O lines, counter ИО 
lines, positive (2) and negative (2) edge detects, or an input data 
strobe for the Port B (PB) input latch. 


Port B (PB) сап be programmed as an І/О port with latched input 
enabled or disabled. 


Port C (PC) can be programmed as an І/О port, as an abbre- 
viated bus, as a multiplexed bus, or as part of the full address 
mode. In the full address mode pins PC6 and PC7 serve as 
addresses A13 and A14, respectively; РСО-РС5 are ИО pins. 


Port D (PD) functions as an І/О port, an 8-bit tri-state data bus, 
or as a multiplexed address/data bus. 


Serial Input/Output Channel — UART 


The devices provide a full duplex serial I/O channel with program- 
mable bit rates covering all standard baud rates from 50 to 
125K bits/sec including the SMPTE 422 standard at 38.4K bits/ 
sec. Character lengths of 5 to 8 bits, with or without parity are 
programmable. А full complement of flags provides for Receiver 
Wake Up; Receiver Buffer Full; Receiver Error Conditions detect- 
ing Framing, Parity, and Overrun errors; Transmitter End of 
Transmission and Transmitter Buffer Empty. In addition, a syn- 
chronous shift register mode to 250 KC at 2 MHz is available. 


Wake-Up Feature 


In a multi-distributed microcomputer application, a destination 
address is usually included at the beginning of the message. 
The Wake-Up Feature allows non-selected CPUS to ignore the 
remainder of the message until the beginning of the next 
message by setting the Wake-Up bit. 


Counter/Latch Logic 


The devices contain two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the counters. 
Counter A has one 16-bit latch and Counter B has two 16-bit 
latches. Each counter can be independently programmed to 
operate in one of four modes: 


Counter A Counter B 
• Pulse width e Retriggerable Interval 
measurement Counter 
* Pulse Generation е Assymmetrical Pulse 
е Interval Timer Generation 


• |nterval Timer 
e Event Counter 


* Event Counter 


Mode Control Register (MCR) 


The Mode Control Register contains control bits for the multi- 
function ИО ports and mode select bits for Counter А and 
Counter B. 


R6501Q апа 86510 _ | _ One-Chip Microprocessor 


Ports C and D Operation Modes 


There are four operating modes available in ports C and D, soft- XTLO 
ware programmable via the Mode Control Register. The full 
address mode allows access to a full 65K bytes of external 


CLOCK "ure 
| OSCILLATOR байлы БЕЛЕСІ | 


storage. In this mode PC6 and PC7 are automaticallyu used for Ed BAS BAT. 
A13 and A14. In the Input/Output mode the four ports are all ES КЕННЕН a> PAZ, РАЗ. 
used for I/O. In the abbreviated and multiplexed modes some ММТ LOGIC DETECTS) 
port pins set up for addressing 64 or 16,384 bytes of external Vec 
memory. Veg DS(PAQ 
DATA. 
interrupt Flag Register (IFR) and UT og MÀ 
Interrupt Enable Register (IER) | | oe КИЙ 
Тһе демсез include an Interrupt Flat Register and an Interrupt DBO-DB7 | cM 
Enable Register which flags and controls І/О and counter status. 10212, | к 


SYNC - (DATA/ADDR 


R/W 


CONTROL. 
REGISTERS 


COUNTER/LATCH N 
A » СА (РА4)" 
СВ (РА5)" 


R6501Q or Н65110 


16 BIT 
COUNTER/LATCHES 
; we 


SERIAL RECEIVE, 
TRANSMIT 
: REGISTERS 


R6511Q 


SO (РАб)' 
SI (PA7) 


*MULTIPLEXED FUNCTIONS CS (Software Selectable) . 


г. BLOCK DIAGRAM 
INTERNAL REGISTERS 


READ WRITE | ADDRESS 


USER PROGRAM T са 001Ғ 
Lower Counter B Upper Latch B* # 001Е 
Upper Counter В Upper Latch B 001D 
Lower Counter B # Lower Latch B 001C 
| с 0018 
Lower Counter A Upper Latch А*.# | 001A 
Upper Counter А Upper Latch A 0019 
Lower Counter A # Lower Latch A 0018 
Ser Rec Data Reg.. Ser Trans Data Reg. 0017: 
Serial Status Reg. Serial Status Reg. (1) 0016 
Serial Control Reg. Serial Control Reg. 0015 
Mode Control Reg. Mode Control Вед. . 0014 
соя | 0013 
interrupt Enable Reg. interrupt Enable Reg. 0012 
Interrupt Flag Reg. —— 0011 
Read FF Си Interrupt Flag (2) 0010 
ООЕЕ - 000Е 
INTERNAL 
RAM (192) USER AVAILABLE 
0040 0007 
| 0006 
i | (Reserved for ИО ports Е, Е, & G when | 
BESERVED .. emulating the R6500/12) 
0004 
001Ғ 0003 
- VO & REGISTERS | 
VO PORT D 
НО PORT C 
/О PORT B 
ЏО PORT А 
0000 20000: 


'—LOAD & START COUNTER 
| # CLEAR FLAG 
MEMORY MAP (1) BITS 4 & 5 ONLY 
(2) BITS 0-3 ONLY 
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865010 and А6519 


INDEX REGISTER Y 


n. ACCUMULATOR 


"n | 0 
т Ене 
= 0 | 
INDEX REGISTER X 
15 ЕНТ? CN 
| | EE: 
2200 


7 
= 

5 

7 


[se srackeomren 


ч 


CPU Registers 


Addr 0014 
ounter А 
Counter B Mode Select 
Mode Select б 0 interval Timer ^ . 
0—— 1 Pulse Generation 
1 —— 0 Event Counter : 
Bus Mode Select 122 у] 1 Pulse with Meas. 
0 0 interval Timer i 
0 —— 1 Pulse Generation 
1 —— 0 Event Counter 
E: 1 —— 1 External Trigger 
Port B Latch 
Port D Tri-State - 
.. (0 = Tri-State) . 
0 0 Full Addr Mode 
_ 0—1 Normal 
1----0 Abbr. Bus 
1 ——1 Миха Виз | 
Mode Control Register 
SCCR Addr 0015 


0~Odd Parity 
1--Еуеп Parity 
0 Parity Disable | 
1 Parity Enable 
0—8 Bits/Char 

1~7 Виз/Сћаг | 

0 ~ 6 ВИз/Спаг 

1 1~ 5 Bits/Char 

0 —— 0 ХМТН А RCVR ASYN Mode 

0 — 1 ХМТА ASYN, RCVR S/R 

1 m X XMTR S/R, RCVR ASYN 

0 RCVR Disable 

| 1 RCVR Enable 

0 XMTR Disabie 

1 XMTR Enable 


Serial Communications Control Register 


мм [во |z] PROCESSOR STATUSREG P . 
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KEY REGISTER SUMMARY _ 


_ One-Chip Microprocessor 


Xv 6 5 4 3 2 1 0 


МОТЕ5 
Not initialized by RES 
Set to Logic 1 by RES . 


@ 


CARRY (с) (1) 


1 = Carry Бе! 
0 = Carry Clear · 


ZERO (2) (1) 


2 1:= Zero Result . 
0 — Non-Zero Result. 


INTERRUPT DISABLE (1) (2) 


T ~= IRQ Interrupt Disabled 
0 IRQ Interrupt Enabled 


DECIMAL MODE (0) (5) 
17= Decimal Mode 

0 — Binary Mode 

BREAK COMMAND (B) (9) 


1 = Break Соттапа 
0 — Non Break Command 


OVERFLOW (0) 0) 


1 -= Overflow Set - 
0 — Overflow Clear 


NEGATIVE (N) (1) 


1 = Negative Value 
0 = Postive Value 


Processor Status Register 


IER Addr 0012 
РАО Positive 

г Edge Detect 
PA1 Positive: 

Edge Detect 

PA2 Negative 

Edge Detect 
PA3 Negative | 

- Edge Detect 

Counter A 

Underflow Flag _ 

Counter B 

Underflow Flag 


IFR 


. RCVR 
. Flag 
XMTR 
Flag - 


Interrupt Enable and Flag Registers 


RCVR Data 
Reg Full 
RCVR Over-Run | 
‘Parity Error ` · 

Frame Error 


- Wake-Up 


End of Transmission 


: XMTR Data Reg Empty 


| XMTR Under-Run 


Serial Communications Status Register 


R6501Q and 865110 


One-Chip Microprocessor 


ABSOLUTE MAXIMUM RATINGS* 


[Parameter | Symbo | Value [шш 
Supply Voltage —0.3 to +7.0 
Input Voltage | -0.3 to 47.0 
Operating Temperature  . T | Ме: 

Commercial 0 to +70 


d Storage Temperature Range – 55 to +150 


DC CHARACTERISTICS 
(Усс = 5V +5% М5 = 0) 


Parameter 


Power Dissipation (Outputs High) 
Commercial at 25°C - 
RAM Standby Voltage (Retention Mode) Var 


RAM Standby Current (Retention Mode) 
Commercial at 25°C 


Input High Voltage Except XTLI Vin 
Input High Voltage (XTLI) Мін 
Input Low Voltage _ | Ми. 


Input Leakage Current (RES, NMI) 
VIN = 0 10 5.0 мас | . 

Input Low Current 
(Vit = 0.4 Мас) 

Output High Voltage Except XTLO 
(одр = —100 Айс) 

Output Low Voltage _ 
(одр = 1.5 тАас) 

Input Capacitance | 
(Vin -0, ТА = 25°C, f = 1.0 MHz) 
XTL1, XTLO | 
АП Others 


МО Port Pull-Up Resistance 
PAO-PA7, PBO-PB7, PCO-PC7 
R6501Q only | X 


AC CHARACTERISTICS 
(Усс = 5V +6% Vss = 0 


Parameter. 


Internal Write to Peripheral Data Valid 


(TTL) 


Note: Negative sign indicates outward current flow, positive indicates inward flow. 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


R6501Q and R6511Q | | .  . . One-Chip Microprocesso 


PACKAGE DIMENSIONS 


Interface Diagram 


о соч Ou к он = 


1.628 
(41.35 MM) 


6З2У46 1003 и! | 


32 


Pin Out Designation 


| .020 uh 
. «680 ; | TYP 
-4—— —— (17.27 ММ) | - 


-»- 
1.50 


-4— ——— (23495 ММ) м — (3.81 MM) 
xs .750 
| С (19.05 MM) 


- EM 
ПЛЕЕРА 


200 
(5.08 ММ) 
oY 


с % Dimensioned Outline с с 64 РІМ ОМІР 
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DESCRIPTION 


The R6520 Peripheral Interface Adapter (PIA) is designed to 
solve a broad range of peripheral control problems in the imple- 
 mentation of microcomputer systems. This device allows a very 
effective trade-off between software and hardware by providing 
significant capability and flexibility in a low cost chip. When 
coupled with the power and speed of the R6500, R6500* or 
Н65С00 family of microprocessors, the R6520 allows implemen- 
tation of very complex systems at a minimum overall cost. 


Control of peripheral devices is handled primarily through two 
8-bit bidirectional ports. Each of these lines can be programmed 
to act as either an input or an output. In addition, four peripheral 


control/interrupt input lines are provided. These lines can be ` 


used to interrupt the processor or to : Лапоглаке. data between 
the processor and a peripheral device. 


ORDERING INFORMATION 


Part Number 
R6520 ___ 
Temperature Range (T, to Тн): 
Blank = 0°С to +70°С 
Е = — 40°C to +85°С 


Package: 
C = Ceramic 
P = Plastic 


Frequency Range: 
No letter = 1 MHz 
A = 2 MHz 


R6520 


R6520 


PERIPHERAL INTERFACE ADAPTER Pia) 


FEATURES 
• Direct replacement for MC6820 PIA 


се Two8-bit bidirectional I/O ports with individual data direction 


control 

е Automatic “Напазһаке” control of data transfers - 

• Two interrupts (one for each port) with program control 

• Commercial and industrial temperature range versions 

е 40-pin plastic and ceramic versions | \ 

e 5 volt + 5% supply requirements 

е Compatible with the R6500, R6500/* and R65C00 family of 
microprocessors 

e 1 and 2 MHz versions 


Figure 1. R6520 Pin Configuration 


a ess 


Document No. 29651N30 


Product Description Order No. 2127 
Rev. 2, February 1984 


R6520 | Ен Peripheral Interface Adapter (PIA) 
FUNCTIONAL DESCRIPTION 


The R6520 PIA is organized into two independent sections Peripheral Interface buses. Data Bus Buffers (DBB) interface 
referred to as the A Side and the B Side. Each section consists data from the two sections to the data bus, while the Data Input 
of a Control Register (CRA, CRB), Data Direction Register Register (DIR) interfaces data from the DBB to the PIA registers. 
(DDRA, DDRB), Output Register (ORA, OBR), Interrupt Status Chip Select and R/W control circuitry interface to the processor 
Control (ISCA, ISCB), and the buffers necessary to drive the bus control lines. Figure 2 is a block diagram of the R6520 PIA. 


INTERRUPT STATUS 
CONTROL A (ISCA) 
CONTROL 
REGISTERA | —. 3J— "] DATA DIRECTION 
(CRA) REGISTER A 
(DDRA) 


— 


PERIPHERAL 

OUTPUT PERIPHERAL 

REGISTER A INTERFACE 
BUFFER A 
(PIBA) 


DATA BUS ; OUTPUT BUS 
BUFFER 
(DBB) 


DATA INPUT 
REGISTER 
кеја PERIPHERAL . 
OUTPUT PERIPHERAL 
INTERFACE 
REGISTER B 
| |. BUFFERB 


(PIBB) 


CHIP 

SELECT 

& ВМ INPUT BUS 

CONTROL DATA DIRECTION 
CONTROL REGISTER B 
REGISTER B (DDRB) 


(CRB) 
INTERRUPT STATUS 
CONTROL B (ISCB) 


Figure 2. R6520 PIA Block Diagram 
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DATA INPUT REGISTER (DIR) 


When the microprocessor writes data into the PIA, the data 
which appears on the data bus during the $2 clock pulse is 
latched into the Data Input Register (DIR). The data.is then 
transferred into one of six internal registers of the PIA after the 
trailing edge of the 02 clock. This assures that the data on the 
peripheral output lines will make smooth transitions from high 
to low (or from low to high) and the voltage will remain stable 
except when it is going to the opposite polarity. 


CONTROL REGISTERS (СВА and CRB) 


Table 1 illustrates the bit designation and functions in the two 


control registers. The control registers allow the microprocessor . 


to control the operation of the Interrupt Control inputs (САТ, 
CA2, CB1, CB2), and Peripheral Control! outputs (CA2, CB2). 
Bit 2 in each register controls the addressing of the Data Direc- 
tion Registers (DDRA, DDRB) and the Output Registers (ORA, 
ORB). In addition, two bits (bit 6 and 7): п each control register 
indicate the status of the Interrupt Input lines (CA1, CA2, CB1, 
CB2). These Interrupt Status bits (IRQA1, IRQA2 or ІНОВ1, 
ІНОВ2) are normally interrogated by the microprocessor during 
the IRQ interrupt service routine to determine the source of the 
interrupt. 


DATA DIRECTION REGISTERS (DDRA, DDRB) 


The Data Direction Registers (DDRA, DDRB) allow the pro- 
cessor to program each line in the 8-bit Peripheral /О port to 
be either an input or an output. Each bit in DDRA controls the 
corresponding line in the Peripheral А.рой and each bit in DDRB 
controls the corresponding line in the Peripheral B port. Writing 
a "0" in a bit position in the Data Direction Register causes the 
corresponding Peripheral ИО line to act as an input; a “1” 
causes it to act as an output. 


Bit 2 (DDRA, DDRB) in each Control Register (CRA and CRB) 
controls the accessing to the Data Direction Register or the 
Peripheral interface. If bit 2 is a "1," a Peripheral Output register 
(ORA, ORB) is selected, and if bit 2 is a "0," a Data Direction 
Register (DDRA, DDRB) is selected. The Data Direction Reg- 
ister Access Control bit, together with the Register Select lines 
(850, 851) selects the various internal registers as shown in 
Table 2. | 


In order to write data into DDRA, ORA, DDRB, or ORB registers, 
bit 2 in the proper Control Register must first be set. The desired 
register may then be accessed with the address determined by 
the address interconnect technique used. 


Peripheral Interface Adapter (PIA) 


PERIPHERAL OUTPUT REGISTERS (ORA, ORB) 


The Peripheral Output Registers (ORA, ORB) store the output 
data from the Data Bus Buffers (DBB) which appears on the 
Peripheral /О port. If a line on the Peripheral A Port is pro- 
grammed as an output by the DDRA, writing a 0 into the cor- 
responding bit in the ORA causes that line to go low («0.4 V); 
writing a 1 causes the line to go high. The lines of the Peripheral 
B port are controlled by ORB in the same manner. 


INTERRUPT STATUS CONTROL (ISCA, ISCB) 


The four interrupt/peripheral control lines (CA1, CA2, CB1, CB2) 
are controlled by the Interrupt Status Control logic (A, B). This 
logic interprets the contents of the corresponding Control Reg- 
ister and detects active transitions on the interrupt inputs. 


PERIPHERAL I/O PORTS (РАО-РА7, PBO-PB7) 


The Peripheral А and Peripheral B /О ports allow the micro- 
processor to interface to the input lines on the peripheral device 
by writing data into the Peripheral Output Register. They also 
allow the processor to interface with the peripheral device output 
lines by reading the data on the Peripheral Port input lines 
directly onto the data bus and into the internal registers of the 
processor. 


Each of the Peripheral /О lines can be programmed to act as 
an input or an output. This is accomplished by setting a 1 in the 
corresponding bit in the Data Direction Register for those lines 
which are to act as outputs. A O in a bit of the Data Direction 
Register causes the corresponding Peripheral I/O lines to act 
as an input. 


The buffers which drive the Peripheral A VO lines contain “рав- 
sive" pull-up devices. These pull-up devices are resistive in 
nature and therefore allow the output voltage to go to VCC for 
a logic 1. The switches can sink a full 3.2 mA, making these 


buffers capable of driving two standard TTL loads. 


In the input mode, the pull-up devices are still connected to the 
ИО pin and still supply current to this pin. For this reason, these 
lines also represent two standard TTL loads in the input mode. 


The Peripheral B /О port duplicates many of the functions of 
the Peripheral A port. The process of programming these lines 
to act as an input or an output is similar to the Peripheral A port, 
as is the effect of reading or writing this port. However, there 
are several characteristics of the buffers driving these lines 
which affect their use in peripheral interfacing. 


Table 1. Control Registers Bit Designations 


CRB CB2 Control 


DORA CA1 Control 
Access 


PORE CB1 Control 
Access 


R6520 


The Peripheral B /О port buffers are push-pull devices i.e., the 
pull-up devices are switched OFF in the 0 state and ON for a 
logic 1. Since these pull-ups are active devices, the logic 1 
voltage will not go higher than --2.4У, 


Another difference between the РАО-РА7 lines and the PBO 
through PB7 lines is that they have three-state capability which 
allows them to enter a high impedance state when programmed 
to be used as input lines. In addition, data on these lines will be 
read properly, when programmed as output lines, even if the 
data signals fall below 2.0 volts for a “high” state or are above 
0.8 volts for a “low” state. When programmed as output, each 
line can drive at least a two TTL load and may also be used as 
a source of up to 1 milliampere at 1.5 volts to directly drive the 
base of a transistor switch, such as a Darlington pair. 


Because these outputs are designed to drive transistors directly, 
the output data is read directly from the Peripheral Output Reg- 
ister for those lines programmed to act as inputs. | 


The final characteristic is the high-impedance input state which 
is a function of the Peripheral B.push-pull buffers. When the 
Peripheral B І/О lines are programmed to act as inputs, the 
output buffer enters the high impedance state. 


DATA BUS BUFFERS (DBB) 


The Data Bus Buffers are 8-bit bidirectional buffers used for data 
exchange, on the 00-07 Data Bus, between the microprocessor 
and the PIA. These buffers are tri-state and are capable of 
driving a two TTL load (when operating in an output mode) and 
represent a one TTL load to the microprocessor (when oper- 
-айпд in an input mode). 


INTERFACE SIGNALS 


The PIA interfaces to the R6500, R6500/* or the R65C00 micro- 
processor family with a reset line, a $2 clock line, a read/write 
line, two interrupt request lines, two register select lines, three 
chip select lines, and an 8-bit bidirectional data bus. - 


The PIA interfaces to the peripheral devices with four interrupt/ 
contro! lines and two 8-bit bidirectional data buses. 


R6500, 
R6500/* 
OR 
R65C00 


MICROPROCESSOR 
FAMILY 


Figure 3. 
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Peripheral Interface Adapter (PIA) 


Figure 1 (on the front page) shows the pin assignments for these 
interface signals and Figure 3 shows the interface relationship 
of these signal as they pertain to the CPU and the peripheral 
devices. 


CHIP SELECT (CS0, CS1, CS2) 


The PIA is selected when CSO and CS1 are high and 552 is 
low. These three chip select lines are normally connected to the 
processor address lines either directly or through external 


decoder circuits. When the PIA is selected, data will be trans- 


ferred between the data lines and PIA registers, and/or periph- 
eral interface lines as determined by the R/W, RSO, and RS1 
lines and the contents of Control Registers A and B. 


RESET SIGNAL (RES) 


The Reset (RES) input initializes the R65C21 PIA. A low signal 
on the RES input causes all internal registers to be cleared. 


CLOCK SIGNAL (02) 


The Phase 2 Clock Signal ( 02) is the system clock that triggers 
all data transfers between the CPU and the PIA. $2 is gener- 
ated by the CPU and is therefore the synchronizing signal 
between the CPU and the PIA. 


READ/WRITE SIGNAL (R/W) 


Read/Write (R/W) controls the direction of data transfers between 
the PIA and the data lines associated with the CPU and the 
peripheral devices. A high on the R/W line permits the peripheral 
devices to transfer data to the CPU from the PIA. A low on the 
R/W line allows data to be transfered from the CPU to the 
peripheral devices from the PIA. 


REGISTER SELECT (850, А51) 


The two Register Select lines (RSO, RS1), in conjunction with 
the Control Registers (CRA, CRB) Data Direction Register access 
bits (see Table 1, bit 2) select the various R65C21 registers to 
be accessed by the CPU. 850 and RS1 are normally connected 
to the microprocessor (CPU) address output lines. Through con- 
trol of these lines, the CPU can write directly into the Control 


PERIPHERAL 
DEVICE 
A 


PERIPHERAL 
DEVICE 
B 


Interface Signals Relationship 


16520 


Registers (CRA, CRB) the Data Direction Registers (DDRA, 
DDRB) and the Peripheral Output Registers (ORA, ORB). In 
addition, the processor may directly read the contents of the 
Control Registers and the Data Direction Registers. Accessing 
the Peripheral Output Register for the purpose of reading data 
back into the processor operates differently on the ORA and the 
ORB registers and therefore are shown separately in Table 2. 


Table 2. ORA and ORB Register Addressing 


Data Direction| p 

Control | Register Operation 
CRA | CRB КЕ wee | 
(Bit 2) |(Bit 2| R/W=H R/W-L 


1 Read PIBA |У/гйе ORA 


Register 
Select Lines 


Register 
Address 
(Hex) 


Read CRA |Write CRA 


Read DDRB|Write DDRB 
Read CRB |Write CRB 


INTERRUPT REQUEST LINES (IRQA, IRQB) 


The active low Interrupt Request lines (РОА and IROB) act to 
interrupt the microprocessor either directly or through external 
interrupt priority circuitry. These lines are open drain and are 
capable of sinking 1.6 milliamps from an external source.. This 
permits all interrupt request lines to be tied together in a wired- 
OR configuration. The A and B in the titles of these lines cor- 
respond to the peripheral port A and the peripheral port B so 
that each interrupt request line services one peripheral data 
port. 


Each Interrupt Request line has two interrupt flag bits which can 
cause the Interrupt Request line to go low. These flags are bits 
6 and 7 in the two Control Registers (CRA, CRB). These flags 
act as the link between the peripheral interrupt signals and the 
microprocessor interrupt inputs. Each flag has a corresponding 
interrupt disable bit which allows the processor to enable or dis- 
able the interrupt from each of the four interrupt inputs (CA1, 
CA2, CB1, CB2). The four interrupt flags are set (enabled) by 
active transitions of the signal on the interrupt input (CA1, CA2, 
CB1, CB2). 


CRA bit 7 (IRQA1) is always set by an active transition of the 
CA1 interrupt input signal. However, ТРОА can be disabled by 
setting bit O in CRA to a O. Likewise, CRA bit 6 (IRQA2) can be 
set by an active transition of the CA2 interrupt input signal and 
IRQA can be disabled by setting bit 3 in CRA to a O. 


Both bit 6 and bit 7 in CRA are reset by a "Read Peripheral 
Output Register A" operation. This is defined as an operation 
іп which the read/write, proper data direction register and reg- 
ister select signals are provided to allow the processor to read 
the Peripheral A /О port. A summary of IRQA control is shown 
in Table 3. 


Control of IRQB is performed in exactly the same manner as 
that described above for IRQA. Bit 7 in CRB (IRQB1) is set by 
an active transition on CB1 and IRQB from this flag is controlled 
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ру САВ bit 0. Likewise, bit 6 (НОВ) in CRB is set by an active 
transition on CB2, and IRQB from this flag is controlled by CRB 
bit 3. m | 


Also, both bit 6 and bit 7 of CRB are reset by a "Read Peripheral 
B Output Register" operation. A summary of IRQB control is 
shown in Table 3. | 


Table 3. IRQA and ІНОВ Control Summary 


сева пав вы |А 
[э иш “киеш Шыг 
_ TRQA goes юм (Active) | 


Моје: | 


The flags act as the link between the peripheral interrupt signals 
and the processor interrupt inputs. The interrupt disable bits allow 
the processor to control the interrupt function. 


INTERRUPT INPUT/PERIPHERAL CONTROL LINES - 
(CA1, CA2, CB1, CB2) Аы 


The four interrupt input/peripheral control! lines provide а number 


. of special peripheral control functions. These lines greatly 


enhance the power of the two general purpose interface ports 
(РАО-РА7, PBO-PB7). Figure 4 summarizes the operation of 
these control lines. | | 


CA1 is an interrupt input only. An active transition of the signal 
on this input will set bit 7 of the Control Register A to a logic 1. 
The active transition can be programmed by setting a “0” in bit 
1 of the CRA if the interrupt flag (bit 7 of CRA) is to be set on 
a negative transition of the CA1 signal or a “1” if it is to be set 
on a positive transition. 


Note: 


A negative transition is defined as a transition from a high 
to a low, and a positive transition is defined as a transition 
from а low. to a high. voltage. 


СА2 can act as a totally independent interrupt or as a peripheral 


control output. As an input (СВА, bit 5 = 0) it acts to set the | 


interrupt flag, bit 6 of CRA, to a logic 1 on the active transition 


selected by bit 4.of. CRA. 


These control register bits and interrupt inputs serve the same 
basic function as that described above for CA1. The input signal. 
sets the interrupt flag which serves as the link between the 
peripheral device and the processor interrupt structure. The 
interrupt disable bit allows the processor to exercise control over 
the system interrupt. 


In the output mode (СНА, bit 5 = 1), CA2 can operate inde- 
pendently to generate a simple pulse each time the micropro- 


‘cessor reads the data on the Peripheral А VO port. This mode 


is selected by setting СВА, bit 4 to a 0 and CRA, bit 3 to a 1. 
This pulse output can be used to control the counters, shift reg- 
isters, etc., which make sequential data available on the Periph- 
eral input lines. 


CONTROL REGISTER А (СВА) 
CA2 INPUT MODE (ВП 5 = 0) 


IRQA1 IRQA2 CA2 INPUT ІНОА2 ІНОА ОВА IRQA1 IRQA 
FLAG FLAG 


MODE SELECT POSITIVE ENABLE SELECT POSITIVE ENABLE 
CA2 OUTPUT MODE (ВП 5 = 1) 


(70) TRANSITION FOR ІНОА2 TRANSITION FOR ІНОА1 


IRQA/IRQA2 IRQA/IRQA1 
CONTROL CONTROL . 


CA2 OUTPUT CA2 СА? . ORA IRQA1 IRQA 
MODE SELECT OUTPUT RESTORE SELECT POSITIVE ENABLE 
(=1) CONTROL CONTROL TRANSITION FOR ІНОА1 


CA2 
CONTROL 


CA2 INPUT OR OUTPUT MODE (BIT 5 = 0 or 1) 
Bit 7 IRQA1 FLAG 


IROA/IRQA1 
| CONTROL |. — 


1 A transition has occurred on CA1 that satisfies the bit 1 IRQAT transition polarity criteria. This bit is cleared by a read of Output Register 
A or by RES. 
0 No transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria. 


Bit 2 OUTPUT REGISTER A SELECT 


1 Select Output Register A. 
0 Select Data Direction Register A. 
Bit 1 IRQA1 POSITIVE TRANSITION 
1 Set ІНОА1 Flag (bit 7) on a positive (low-to-high) transition of CA1. 
0 Set IRQA1 Flag (bit 7) on a negative (high-to-low) transition of САТ. 
Bit 0 IRQA ENABLE FOR IRQA1 
1 Enable assertion of IRQA when IRQA1 Flag (bit 7) is set. 


0 Disable assertion of IRQA when ІНОА1 Flag i 7) is set. 


CA2 INPUT MODE (BIT 5 = 0) CA2 OUTPUT MODE (BIT 5 = 1) 


IRQA2 FLAG 

A transition has occurred on CA2 that satisfies the bit 4 
IRQA? transition polarity criteria. This flag is cleared by 
a read of Output Register A or by RES. 

No transition has occurred on СА? that satisfies the bit 


4 IRQA? transition polarity criteria. 


CA2 MODE SELECT 
Select CA2 Input Mode. 


IRQA2 POSITIVE TRANSITION 

Set IRQA2 Flag (bit 6) on a positive (low-to-high) 
transition of CA2. 

Set IRQA2 Flag (bit 6) on a negative (high-to-low) 


transition of CA2. 


IRQA ENABLE FOR IRQA2 

Enable assertion of IRQA when IRQA? Flag (bit 6) is 
set. 

Disable assertion of IRQA when ІНОА2 Flag (bit gs 
set. 


NOT USED 
Always zero. 


CA2 MODE SELECT | 
Select CA2 Output Mode. 


CA2 OUTPUT CONTROL 

CA2 goes low when a zero is written into СВА bit 3. 
CA2 goes high when a one is written into CRA bit 3. 
CA2 goes low оп the first negative (high-to-low) 02 
clock transition following a read of Output Register A. 
CA2 returns high as specified by bit 3. 


CA2 READ STROBE RESTORE CONTROL (4 = 0) 
CA2 returns high on the next $2 clock negative ` 
transition following a read of Output Register A. 

CA? returns high on the next active CA1 transition 


_ following a read of Output Register A as specified by 


bit 1. 


Figure 4. Control Line Operations Summary (1 of 2) 
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CONTROL REGISTER B (CRB) 
CB2 INPUT MODE (BIT 5 = 0) 


CB2 INPUT 
MODE SELECT POSITIVE ENABLE SELECT POSITIVE ENABLE 
(70) TRANSITION FOR IRQB2- | TRANSITION FOR IRQB1 


IRQB/IRQB2 | IRQB/IRQB1 
CONTROL ` CONTROL 


CB2 OUTPUT CB2 CB2 -ORB .. IRQB1 ІНОВ 
MODE SELECT OUTPUT RESTORE SELECT POSITIVE ENABLE 
(=1) CONTROL CONTROL TRANSITION FOR IRQB1 


CB2 IRQB/IRQB1 
CONTROL CONTROL 


CB2 INPUT OR OUTPUT MODE (BIT 5 = 0 or 1) 
Bit 7 IRQB1 FLAG 


1 A transition has occurred on CBI that satisfies the bit 1 IRQB1 transition polarity criteria. This bit is cleared by a read of Output Register 
‚ Bor by RES. | 


0 . Мо transition has occurred оп СВ! that satisfies the bit 1 ІНОВ1 transition polarity criteria. 


Bit 2 OUTPUT REGISTER B SELECT · 
1 Select Output Register B. 
Select Data Direction Register B. 


Bit 1 IRQB1 POSITIVE TRANSITION 


1 Set IRQB1 Flag (bit 7) on a positive (low-to-high) transition of CB1. 
0 Set IRQB1 Flag (bit 7) on a negative (high-to-low) transition of CB1. 
Bit 0 IRQB ENABLE FOR IRQB1 
1 Enable assertion of IRQB when IRQB1 Flag (bit 7) is set. 
0 Disable assertion of IRQB when IRQB1 Flag (bit 7) is set. | 
CB2 INPUT MODE (BIT 5 - 0) CB2 OUTPUT MODE (ВП 5 = 1) 


NOT USED 
Always zero. 


Bit6 IRQB2 FLAG | | 
EV A transition has occurred on CB2 that satisfies the bit 4 
IRQB2 transition polarity criteria. This flag is cleared by 
a read of Output Register B or by RES. 
0 . No transition has occurred on CB2 that satisfies the bit 
4 IRQB2 transition polarity criteria. 


CB2 MODE SELECT 
Select CB2 Output Mode. 


CB2 OUTPUT CONTROL 

CB? goes low when a zero is written into CRB bit З. 
CB2 goes high when a one is written into CRB bit 3. 
СВ goes low on the first negative (high-to-low) 02 
clock transition following a write to Output Register B. 
CB2 returns high as specified by bit 3. 


BitS CB2 MODE SELECT 
0 Select CB2 input Mode. 


Bit4 ІНОВ2 POSITIVE TRANSITION 
1 Set ІНОВ2 Flag (bit 6) on a positive (low-to-high) 
transition of CB2. 
0 Set IRQB2 Flag (bit 6) оп a negative (high-to-low) 
transition of CB2. 


CB2 WRITE STROBE RESTORE CONTROL 
(BIT 4 - 0) 

CB2 returns high on the next $2 clock negative 
transition following a write to Output Register B. 

CB2 returns high on the next active CB1 transition 
following a write to Output Register B as specified by 
bit 1. 


виз iRQB ENABLE FOR IRQB2 

1 Enable assertion of IRQB when ІНОВ2 Flag (bit 6) is 
set 2 e ar 
0  .Disable assertion of IRQB when IRQB2 Flag (bit 6) is 
set. | 


Figure 4. Control Line Operations Summary (2 of 2) 
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A second output mode allows CA2 to be used in conjunction 
with CA1 to “handshake” between the processor and the 
peripheral device. On the A side, this technique allows positive 
control of data transfers from the peripheral device into the 
microprocessor. The CA1 input signals the processor that data 
is available by interrupting the processor. The processor reads 
the data and sets CA2 low. This signals the peripheral device 
that it can make new data available. 


The final output mode can be selected by setting bit 4 of CRA 
to a 1. In this mode, СА2 is a simple peripheral control output 
which can be set high or low by setting bit 3 or CRA to a 1 or 
а 0 respectively. _ 


СВ1 operates as an interrupt input only in the same manner as 
САТ. Bit 7 of CRB is set by the active transition selected by bit 
0 of CRB. Likewise, the CB2 input mode operates exactly the 
same as the CA2 input modes. The CB2 output modes, CRB 
bit5 = 1, differ somewhat from those of CA2. The pulse output 
occurs when the processor writes data into the Peripheral B Out- 
put Register. Also, the “handshaking” operates оп data transfers 
from the processor into the peripheral device. 


READING THE PERIPHERAL A /О PORT 


Performing a Read operation with А$1 = 0, RSO 
Data Direction Register Access Control bit (CRA-2) 


0 and the 
1, directly 


Peripheral Interface Adapter (PIA) 


transfers the data on the Peripheral A І/О lines to the data bus. 
In this situation, the data bus will contain both the input and out- 
put data. The processor must be programmed to recognize and 
interpret only those bits which are important to the particular 
peripheral operation being performed. 


Since the processor always reads the Peripheral A I/O port pins 
instead of the actual Peripheral Output Register (ORA), it is 
possible for the data read by the processor to differ from the 
. contents of the Peripheral Output Register for an output line. 
This is.true when the І/О pin is not allowed to go to a full 
+ 2.4V DC when the Peripheral Output register contains a 
logic 1. In this case, the processor will read a O from the 
Peripheral A pin, even though the corresponding bit in the 
Peripheral Output register is a 1. 


READING THE PERIPHERAL В I/O PORT 


Reading the Peripheral B І/О port yields a combination of input 
and output data in a manner similar to the Peripheral A port. 
However, data is read directly from the Peripheral B Output 
Register (ORB) for those lines programmed to act as outputs. 
It is therefore possible to load down the Peripheral B Output lines 
without causing incorrect data to be transferred back to the 
processor on a Read operation. | 


RSO, RS1, 0606660606 ХА FESR ОКО ККК СК СОК 
CS1, 52 9000595000 ( ASSESS 
cso, 1 з KX 9,9, 9, XXX X 429,9, 9, 9, 9 9 9 55.79 СУ ОКК О О ОКК, Х, KKK 
uA suu "ата. 
PBO-PB7 RRRA 
{соя 
“ххх 70:09:99, 9, 4747579767 
оо 2 |] 
| 25 
DATA ІМ 2RR RF 
СА? ins: 
CA2 
(PULSE OUT) 
toc ad ty ty 
Тава 
СА2 


(НАМО ЗНАКЕ) 


Figure 5. Read Timing Waveforms 
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02 


RSO, А51, 
CSO, CS1, С52 


tacw 


92026 
000 
OOD 


| twew 


R/W 


DO-D7 
DATA OUT 


РАО-РА7 
РВО-РВ7 


свг 
(PULSE OUT) 


CB1 


CB2 
(HAND SHAKE) 
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44% 
Бо 
Хх 
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Figure 6. Write Timing Waveforms 
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BUS TIMING CHARACTERISTICS 


6520 


Parameter 


02 Cycle 
02 Pulse Width 
02 Rise and Fall Time 


READ TIMING 


Address Set-Up Time | 
Address Hold Time 
. Peripheral Data Set-Up Time 
Data Bus Delay Time 

Data Bus Hold Time . 


WRITE TIMING 


. Address Set-Up Time 
Address Hold Time 
R/W Set-Up Time 
R/W Hold Time - 
Data Bus Set-Up Time 
Data Bus Hold Time 
Peripheral.Data Delay Time 
Peripheral Data Delay Time to 

CMOS Level, | | 


PERIPHERAL INTERFACE TIMING 


Peripheral Ома Set-Up 

02 Low to CA2 Low Delay 
02 Low to CA2 High Delay 
CA1 Active to CA2 High Delay . 

02 High to CB2 Low Delay 

Peripheral Data Valid to CB2 Low Delay 
02 High to CB2 High Delay 
: CB1 Active to CB2 High Delay 
CA1, CA2, CB1 and CB2 _ 
Input Rise and Fall Time 


ЂЕ ЋЕ 
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ABSOLUTE MAXIMUM RATINGS* 


REN HEN NE ЖЕПТІ 
Supply Ма ши -0.3 to +7.0 


Operating Temperature Range 
Commercial О to +70 
Industrial -40 to +85 


Storage Temperature. —55 to +150 ЕСЕ 


т, 7 


OPERATING т 


[Parameter | Symbol | Vawe | 
Supply Voltage e 5V +5% 


Temperature Range 
Commercial 
Industrial 


0*C to 70°С 
-409С to +85°C 


DC CHARACT ERISTICS - 


(Усс = 5.0V +5%, Vss = 0, TA = T, to Ty, unless кезіме noted) 


Input Leakage Current 
R/W, RES, 850, RS1, CSO, CS1, CS2, 
СА1, CB1, 02 


Input High Current 
РАО-РА7, CA2 

Input Low Current 
PAO-PA7, CA2 


Output High Voltage 
| All outputs 
` PBO-PB7, CB2 (Darlington Drive) 


Output High Current (Sourcing) 
Logic 
PBO-PB7, CB2 aoe Drive) 


Output Leakage Current (Off State) 
IRQA, IRQB 


Input Capacitance 
DO-D7, PAO-PAT, PBO-PB7, CA2, СВ2 - 
RW, RES, А50, RS1, CSO, CS1, CS2 
CA1, CB1, Е 


Notes: | 
21. АН units аге direct current (dc) except for capacitance. 


3. Typical values are shown for Усс = 5.0V and Тл = 25°С. 


| Output Leakage Current for Three-State Off На +2 + 10 pA | ‚ = 0. 
| 00-07, PBO-PB7, СВ Veco = 5.25V 


Output Low Voltage Voc = 4.75V 


2. Negative sign indicates outward current flow, positive indicates inward flow. 


Peripheral Interface Adapter (PIA) 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional | 
operation of the device at these or any other conditions above. 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Мм 
Усс 


= OV to 5.25V 
= ОМ : 


Мн 0.4V to 2.4V 


Мес = 4.75V 


loan = - RE 


86520 | | | Peripheral Interface Adapter (PIA) 


PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP | 


[MILLIMETERS| "INCHES | 

DIM] MIN | MAX | MIN | МАХ 

А | 50.29 | 51.31 | 1.980 | 2.020 | 

[B | 14.86 | 15.62 | 0.585 | 0.615 | 

| 254| 4.19 | 0.100 | 0.165 | 
[0.015 | 


l- j SEATING PLANE ; - 
-- D 


. 40-PIN PLASTIC ПІР _ 


| 051] 1.02 [0.020 | 0.040 | 
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R6522 


VERSATILE INTERFACE 
ADAPTER (VIA) 


‘DESCRIPTION 


The R6522 Versatile Interface Adapter (VIA) is a very flexible І/О 
control device. In addition, this device contains a pair of very 
powerful 16-bit interval timers, а serial-to-parallel/parallel-to 


serial shift register and input data latching on the peripheral | 


ports. Expanded handshaking capability allows contro! of 
bidirectional data transfers between VIA’s in multiple processor 
. Systems. 


Control of peripheral devices is handled primarily through two 


8-bit bidirectional ports. Each line can be programmed as either · 


an input ог an output. Several peripheral ИО lines can be 
controlled directly from the interval timers for generating 
programmable. frequency. square waves or for counting exter- 
nally generated pulses. To facilitate control of the many powerful 


features of this chip, an interrupt flag register, an interrupt enable | 


register and a pair of function control registers are provided. 


ORDERING INFORMATION 


Part Number: 
R6522 _ 


Temperature Range 
Blank = 40°C to +70°C 
E = 40°C to +85°C 


Package 
C = Ceramic 
P = Plastic 


Frequency 


Document No. 29000D47 


FEATURES 


е Two 8-bit bidirectional I/O ports 

• Two 16-bit programmable timer/counters 
• Serial data port | 

e TTL compatible 

е CMOS compatible peripheral control lines 


e Expanded “handshake” capability allows positive control of 
data transfers between processor and peripheral devices. 


• Latched output and input registers 
e 1 MHz and 2 MHz operation 
e Single + 5V power supply 


«(0-400 250N-— 


R6522 Pin Configuration 


Data Sheet Order No. D47 
Rev. 7, February 1984 


R6522 


INTERFACE SIGNALS 
RESET (RES) 


A low reset (RES) input clears all R6522 internal registers to logic 
0 (except T1 and T2 latches and counters and the Shift Register). 
This places all peripheral interface lines in the input state, disa- 
bies the timers, shift register, etc. and disables interrupting from 
the chip. | | 


ІМРОТ СІ.ОСК (РНАБЕ 2) 


The input clock is the system @2 clock and triggers all data 
transfers between processor bus and the R6522. 


READ/WRITE (R/W) 


The direction of the data transfers between the R6522 and the 
system processor is controlled by the RW line in conjunction with 
the CS1 and CS2 inputs. When R/W is low, (write operation) and 
the R6522 is selected), data is transferred from the processor bus 
into the selected R6522 register. When R/Wis high, (read opera- 
tion) and the R6522 is selected, data is transferred from the 
selected R6522 register to the processor bus. 


DATA BUS (00-07) 


The eight bidirectional data bus lines transfer data between the 
R6522 and the system processor bus. During read cycles, the 
contents of the selected R6522 register are placed on the data 
bus lines. During write cycles, these lines are high-impedance 
inputs and data is transferred from the processor bus into the 
selected register. When the R6522 is not selected, the data bus 
lines are high-impedance. | 


R6500 
MICROPROCESSOR 
BUS | 
INTERFACE 


ся, С62 
RSO-RS3 
RES 


IRQ 
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CHIP SELECTS (CS1, CS2) 


The two chip select inputs are normally connected to processor 
address lines either directly or through decoding. The selected 
R6522 register is accessed when CS1 is high and CS2 is low. 


REGISTER SELECTS (RSO-RS3) 


The coding of the four Register Select inputs select one of the 16 
internal registers of the R6522, as shown in Table 1. 


INTERRUPT REQUEST (IRQ) 


The Interrupt Request output goes low whenever an internal 
interrupt flag is set and the corresponding interrupt enable bit is а 
logic 1. This output is open-drain to allow the interrupt request 
signal to be wire-OR'ed with other equivalent signals in the 
system. | | E 


PERIPHERAL PORT A (PA0-PA7) 


Port A consists of eight lines which can be individuallly pro- 
grammed to act as inputs or outputs under control of Data Direc- 


tion Register A. The polarity of output pins is controlled by an 


Output Register and input data may be latched into an internal 
register under control of the CA1 line. All of these modes of oper- 
ation are controlled by the system processor through the internal 
control registers. These lines represent one standard TTL load in 
the input mode and will drive one standard TTL load in the output 
mode. Figure 2 illustrates the output circuit. 


[w > PA0-PA7 


CA1 


CA2 

PERIPHERAL 
св! ІМТЕНҒАСЕ 
CB2 


РВО-РВ7 


Figure 1. R6522 VIA Interface Signals - 
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PORT A CONTROL LINES (CA1, CA2) 


The two Port A control lines act as interrupt inputs or as hand- 
shake outputs. Each line controls an internal interrupt flag with a 
corresponding interrupt enable bit. In addition, CA1 controls the 
latching of data on Port A input lines. CA1 is a high-impedance 
input only while CA2 represents onè standard TTL load in the 
input mode. CA2 will drive one standard TTL load in the output 
mode. - | 


PORT B (PBO-PB7) _ 

Peripheral Port B consists of eight bidirectiona! lines which are 
controlled by an output register and a data direction register in 
much the same manner as the Port A. In addition, the polarity of 
the PB7 output signal can be controlled by one of the interval tim- 
ers while the second timer can be programmed to count pulses 
on the PB6 pin. Port B lines represent one standard TTL load in 


Table 1. R6522 Register Addressing 


Register 
[ RS0 |  Deeig. 


ORB/IRB 


т 


Сва | 
1. 


1 


1 


NOTE: “Same as Register 1 except no handshake. 


PAO-PA7, 
CA2 


мо CONTROL 
OUTPUT DATA 


INPUT DATA · 


Figure 2. Port A Output Circuit 


Data Direction Register A | ud | 
T1 Low-Order Latches 


T1 High-Order Counter 
T1 Low-Order Latches 


 RS3 | RS2 | RST | 
EMESA 
cO ой БЕ 
EE opa ИКЕМ 
БЕРЕЛ ПАСА s 
ЕСЕН BEEN ЧЕ ПЫШ ШЕ БАМ 
СИЕ | ТЕСІК ШЕШЕН MOM Еди 
7 nau — 
| 3: | о | о | о | т2с | T2Low-Order Latches | | T2 Low-Order Counter 
s | о | о ј t | 
СЕ БЕЛЕ ИЕЛЕ ШИИ 
БЕСИК НЕСЕ БК у л. 
БЕН БЕЛЕ ВАЗЕ 
ЖЕНЕ ШЕКЕ ЕСЕН ЕКЕ 
БЕСІН БЕРЕ ИЕ ЖӨН БЕ 


TILL 


LmempiFagHegser — | 


ORA/IRA | Output Register B* Input Register B* . | 


T2C-H T2 High-Order Counter | 3 


ШЕН: БЕН 
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the input mode and will drive one standard TTL load in the output 
mode. In addition, they are capable of sourcing 1.0 mA at 1.5 Vdc 
in the output mode to allow the outputs to directly drive Darlington 
transistor circuits. Figure 3 is the circuit schematic. 


PORT B CONTROL LINES (CB1, CB2) 


The Port B control lines act as interrupt inputs or as handshake 
outputs. As with CA1 and CA2, each line controls an interrupt 
flag with a corresponding interrupt enable bit. In addition, these 
lines act as a serial port under control of the Shift Register. These 
lines represent one standard TTL load in the input mode and - 
will drive one standard TTL load in the output mode. CB2 can 
also drive a Darlington transistor circuit; however, CB1 cannot. 


T1 Low-Order Counter 


INPUT 
OUTPUT 
CONTROL 


PBO-PB7, 


CB1, CB2 


OUTPUT 
DATA 


INPUT DATA 


Figure 3. Port B Output Circuit 
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FUNCTIONAL DESCRIPTION 


The internal organization of the R6522 VIA is illustrated in Figure 
4. | | | 


РОНТ А АМО РОНТ В ОРЕВАТЮМ 


The В6522 VIA has two 8-bit bidirectional І/О ports (Port A and 
Port B) and each port has two associated control lines. 


Each 8-bit peripheral port has a Data Direction Register (DDRA, 
DDRB) for specifying whether the peripheral pins are to act as 
inputs or outputs. A O in a bit of the Data Direction Register 
causes the corresponding peripheral pin to act as an input. A 1 
causes the pin to act as an output. 


Each peripheral pin is also controlled by a bit in the Output Regis- 
ter (ORA, ORB) and the Input Register (IRA, IRB). When the pin is 
programmed as an output, the voltage on the pin is controlled by 
the corresponding bit of the Output Register. A 1 in the Output 
Register causes the output to go high, and a "0" causes the out- 
putto go low. Data may be written into Output Register bits corre- 
sponding to pins which are programmed as inputs. In this case, 
however, the output signal is unaffected. 


INTERRUPT 
CONTROL 


AUXILIARY 
(ACR) 


FUNCTION 
CONTROL 


Reading a peripheral port causes the contents of the Input Regis- 
ter (IRA, IRB) to be transferred onto the Data Bus. With input 
latching disabled, IRA will always reflect the levels on the PA 
pins. With input latching enabled, IRA will reflect the levels on the 
PA pins at the time the latching occurred (via CA1). 


The IRB register operates similar to the IRA register. However, 
for pins programmed as outputs there is a difference. When 
reading IRA, the /evel on the pin determines whether a O or a 1 is 
sensed. When reading IRB, however, the bit stored in the output 
register, ORB, is the bit sensed. Thus, for outputs which have 
large loading effects and which pull an output “1” down or which 
pull an output “0” up, reading IRA may result in reading a “0” 
when а “1” was actually programmed, and reading a “1” when 
a "O" was programmed. Reading IRB, on the other hand, will 
read the “1” or “0” level actually programmed, no matter what 
the loading on the pin. 


Figures 5 through 8 illustrate the formats of the port registers. 
In addition, the input latching modes are selected by the Auxiliary 
Control Register (Figure 14). 


BUFFERS 
(PA) < »PORTA 


DATA DIR 
(DDRA) 


HANDSHAKE 


LATCH LATCH CONTROL 
(TIL-H) | (TIL.L) 

COUNTER | COUNTER (SR) 
(T1C-H) ! (T1C-L) 


| ACCESS TIMER 1 
CONTROL TIMER 2 


PORT B REGISTERS 


BUFFERS 
COUNTER ' COUNTER (PB) <> PORT в 
(T2C-H) ! (T2C-L) 


DATA DIR 
(DDRE) 


Figure 4. R6522 VIA Block Diagram 
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HANDSHAKE CONTROL OF DATA TRANSFERS 


The R6522 allows positive control of data transfers between the 
system processor and peripheral devices through the operation 
of “handshake” lines. Port A lines (CA1, CA2) handshake data 
on both a read and a write operation while the Port B lines (CB1, 
CB2) handshake on a write operation only. | 


Read Handshake 


Positive control of data transfers from peripheral devices into the 
system processor can be accomplished very effectively using 
Read Handshaking. In this case, the peripheral device must gen- 
erate the equivalent of a "Data Ready" signal to the processor 
signifying that valid data is present on the peripheral port. This 
signal normally interrupts the processor, which then reads the 


REG 0—ORB/IRB 


OUTPUT REGISTER 
“В” (ORB) OR 
INPUT REGISTER 
“В” (IRB) 


?B7 


: PIN 
DATA DIRECTION WRITE 
SELECTION 

DDRB = “1” (OUTPUT) MPU WRITES OUTPUT LEVEL | MPU READS OUTPUT REGISTER 

(ORB) BIT IN ORB. PIN LEVEL HAS NO 
AFFECT | 

DDRB = "0" (INPUT) MPU WRITES INTO ORB, BUT | MPU READS INPUT LEVEL ON PB 
NO EFFECT ON PIN LEVEL, | PIN 
UNTIL DDRB CHANGED | 


(INPUT LATCHING DISABLED) 
MPU READS IRB BIT, WHICH IS THE 


DDRB » "0" (INPUT) 
(INPUT LATCHING ENABLED) LEVEL OF THE PBPIN AT THE TIME 


OF THE LAST CB1 ACTIVE 
Figure 5. Output Register B (ORB), Input Register B (IRB) 


TRANSITION 


REG 2—DDRB 


| -993. | DATA DIRECTION 
REGISTER “В” (DDRB) 


| рвала 
РВ5/РА5 


РВб/РАб 


PB7/PA7 


"0" ASSOCIATED PB РІМ IS AN INPUT 
(HIGH IMPEDANCE) 
ASSOCIATED PB PIN IS AN OUTPUT 
WHOSE LEVEL IS DETERMINED BY: 
ORB REGISTER BIT 


Figure 7. Data Direction Register B (DDRB) 
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data, causing generation of a "Data Taken" signal. The periph- 
eral device responds by making new data available. This process . 
continues until the data transfer is complete. 


In the R6522, automatic "Read" Handshaking is possible on the 
Peripheral A port only. The CA1 interrupt input pin accepts the 
"Data Ready" signal and CA2 generates the "Data Taken" sig- 
nal. The "Data Ready" signal will set an internal flag which may 
interrupt the processor or which may be polled under program 
control. The "Data Taken" signal can either be a pulse or a level 
which is set low by the system processor and is cleared by the 
"Data Ready" signal. These options are shown in Figure 9 which 
illustrates the normal Read Handshake sequence. 


REG 1—ORA/IRA · 


OUTPUT REGISTER 
“А” (ORA) OR 
INPUT REGISTER 
“А” (IRA) 


PIN 
DATA DIRECTION WRITE 
SELECTION 
DDRA ~ "1" (OUTPUT) MPU WRITES OUTPUT LEVEL | MPU READS LEVEL ON PA PIN 
(INPUT LATCHING DISABLED) (ORA) ) 
UT) 


DDRA = "1" (OUTP MPU READS IRA BIT WHICH IS THE 

(INPUT LATCHING ENABLED) LEVEL OF THE PA PIN AT THE TIME 
OF THE LAST CA1 ACTIVE 
TRANSITION ) 


MPU WRITES INTO ORA, BUT | MPU READS LEVEL ОМ РА РІМ 
NO EFFECT ON PIN LEVEL, 
UNTIL DDRA CHANGED ` 


MPU READS IRA BIT, WHICH IS THE 
LEVEL OF THE PA PIN AT THE TIME 
OF THE LAST CA1 ACTIVE 
TRANSITION 


DDRA = "0" (INPUT) 
(INPUT LATCHING DISABLED) 


DDRA = "0" (INPUT) 
(INPUT LATCHING ENABLED) 


Figure 6. Output Register A (ORA), Input Register A (IRA) 


REG3—DDRA 


006050000 


DATA DIRECTION 
REGISTER “А” (DDRA) 


"0" ASSOCIATED РА PIN IS AN INPUT 
(HIGH IMPEDANCE) 
ASSOCIATED РА PIN IS AN OUTPUT ` 
WHOSE LEVEL IS DETERMINED BY 
ORA REGISTER BIT _ 


Figure 8. Data Direction Register A (DDRAO) 
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| Versatile Interface Adapt er( VIA) | 


$2 е и а тата а «ЕД | 
DATA READY ---- 4 реа 
(СА) | | = 
| та ourPUT^ — 1] я 


‚АЕАО IRA OPERATION 
“DATA TAKEN" 


(CA2 


“DATA TAKEN” 
PULSE MODE 
| (CA2) 


р MODE -- 


ече ышы ы = = аст 


Figure 9. Read Handshake Timing (Port A, Only) | 


Write Handshake 


The sequence of operations which allows handshaking data from 
the system processor to a peripheral device is very similar to that 
described for Read Handshaking. However, for Write Handshak- 
ing, the R6522 generates the "Data Ready" signal and the 
peripheral device must respond with the "Data Taken" signal. 
This can be accomplished on both the PA port and the PB port on 
the R6522. CA2 or CB2 act as a "Data Ready" output in either 
the handshake mode or pulse mode and CA1 or CB1 accept the 
"Data Taken" signal from the peripheral device, setting the inter- 
rupt flag and clearing the “Data Ready” ошри: This sequence 
is shown in Figure 10. 


Selection of operating modes for CA1, CA2, CB1, and CB2 is 
accomplished by the Peripheral Control Register (Figure 11). 


WRITE ORA, ORB 
OPERATION 


“DATA READY” 


CB2) 
DATA READY 
PULSE MODE 
(CA2, CB2) 
. “DATA TAKEN 
(САТ, СВ1) | 


IRQ OUTPUT 


REG 12—PERIPHERAL CONTROL REGISTER 


CB2 CONTROL Я 


[7[e|s[or&RATION — — — — —] 
Гоо [o [INPUT-NEGATIVE ACTIVE EDGE] 


gU INDEPENDENT INTERRUPT 

INPUT-NEG EDGE 

оз 10 | INPUT-POSITIVE ACTIVE EDGE 

БИЙ INDEPENDENT. А А 
INPUT-POS ED 


|110 [0 |НАМОЗНАКЕ m 
|1 [0 | 1|PULSE OUTPUT 


[1|1/0| LOW OUTPUT : 


ТАП П|нісн OUTPUT 


CB1 INTERRUPT CONTROL 


0 - NEGATIVE ACTIVE EDGE 
1 - POSITIVE ACTIVE EDGE 


CA1 INTERRUPT CONTROL 


0 = NEGATIVE ACTIVE EDGE 
1 = POSITIVE ACTIVE EDGE 
CA2 CONTROL 


[3|2]!| OPERATION ( - 


0 [О [0 | INPUT-NEGATIVE ACTIVE EDGE 

WEE INDEPENDENT INTERRUPT 
INPUT-NEG EDGE 

о [т [0 ['INPUT-POCITIVE ACTIVE EDGE | 

ШИЕ аа 
МРОТ .РОЅ EDGE 

| 1 [0 [0 [HANDSHAKE OUTPUT — — — | 

Т0 |1 | PULSE OUTPUT 

1 јојсомоџте _________ 

[1 [|] тоноџттит | 


Figure 11. Peripheral Control Register (PCR) 


Figure 10. Write Handshake Timing 
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COUNTER/TIMERS ` 


There are two independent 16-bit counter/timers (called Timer 1 


and Timer 2) in the R6522. Each timer is controlled by writing bits 
into the Auxiliary Control Register (ACR) to select the mode of 
operation (Figure 14). 


. Timer 1 Operation 


Interval Timer Ti consists of two 8-bit latches (Figure 12) anda 


16-bit counter (Figure 13). The latches store data which is.to be 


loaded into the counter. After loading, the counter decrements 
at 02 clock rate. Upon reaching zero, an interrupt flag is set, and . 


IRQ goes low if the T1 interrupt is enabled. Timer 1 then disables 


anv further interrupts. or automatically transfers the contents of 


REG 6—TIMER 1 LOW-ORDER LATCH 


WRITE - 8 BITS LOADED INTO T1 LOW- ORDER 
E LATCHES. THIS OPERATION IS NO 

DIFFERENT THAN A WRITE INTO 
REG 4. . 

READ - 8 BITS FROM T1 LOW-ORDER LATCHES 

Í TRANSFERRED TO MPU. UNLIKE REG 4 ` 

OPERATION, THIS DOES NOT CAUSE 
RESET OF T1 INTERRUPT FLAG 
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the latches into the counter and continues to decrement. In ad- 
dition, the timer may be programmed to invert the output signal 
on a peripheral pin (PB7) each time it "times-out". Each of these 
modes is discussed separately below. 


Note that the processor does not write directly into the low-order 
counter (T1C-L). Instead, this half of the counter is loaded auto- - 
matically from the low order latch (T1 L-L) when the processor 
writes into the high order counter (Т1С-Н). In fact, it may not be 
necessary to write to the low order counter in'some applications 
since the timing operation is triggered by writing to the. high order 


latch. 


REG 7—TIMER 1 HIGH-ORDER LATCH · · 


21444442142 


WRITE - Р BITS LOADED INTO T1 HIGH-ORDER 
LATCHES. UNLIKE REG 4 OPERATION 
, NO LATCH-TO-COUNTER ел 
TAKE PLACE. 


READ -8 BITS FROM T1 HIGH- ORDER LATCHES 
TRANSFERRED TO MPU. 


Figure 12. Timer 1 (T1) Latch Registers 


REG 4—TIMER 1 LOW-ORDER COUNTER 


EE 8 


WRITE - 8 BITS LOADED INTO T1 LOW-ORDER 
LATCHES; LATCH CONTENTS ARE 
TRANSFERRED INTO LOW-ORDER 

: COUNTER AT THE TIME THE HIGH- 
ORDER COUNTER !S LOADED (REG 5). 


READ -8 BITS FROM T1 LOW-ORDER COUNTER 
TRANSFERRED TO MPU. IN ADDITION, 
T1 INTERRUPT FLAG IS RESET (BIT 6 
IN INTERRUPT FLAG REGISTER). 


ВЕС 5—TIMER 1 HIGH-ORDER COUNTER 


WRITE - 8 BITS LODED INTO T1 HIGH-ORDER 
LATCHES. ALSO, AT THIS TIME BOTH 
HIGH- AND LOW-ORDER LATCHES 
TRANSFERRED INTO T1 СОЏМТЕВ, 
T1 INTERRUPT FLAG ALSO IS RESET. 


READ - 81875 FROM T1 HIGH-ORDER COUNTER 
TRANSFERRED TO MPU. 


Figure 13. Timer 1 (T1) Counter Registers 
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| REG 11—AUXILIARY CONTROL REGISTER 


S 00000000 
T! TIMER act. обе со дар 

_ [2] 6ЈОРЕВАТОМ ___ 
TIMED INTERRUPT | | 
EACH TIME T1 IS | 
LOADED DISABLED 


CONTINUOUS 
INTERRUPTS . 


| TIMED INTERRUPT | ONE-SHOT 
EACH TIME Т1 1$ | OUTPUT. | 
LOADED d 
CONTINUOUS [SQUARE 
INTERRUPTS WAVE 
| 3 OUTPUT 
12 TIMER CONTROL | 
| 5| OPERATION = 
| 0| TIMED INTERRUPT 


COUNT DOWN WITH 


PULSES ON РВ6 
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PA LATCH ENABLE/DISABLE 


PB _ | 0= ОБАВЕ | | 
1 = ENABLE LATCHING| |. 


SHIFT REGISTER CONTROL 
|4| 3| 2| OPERATION. ^^ | e 
|0j0]O|DISABLED _______ | 
СЕГЕ uc — 
[0] 1 |O| SHIFT ІМ UNDER CONTROL OF p2 | 
|0| 3| 1| SHIFT IN UNDER CONTROL OF EXT, CLK 
| 1[0| O| SHIFT OUT FREE-RUNNING AT T2 RATE | 
| 
| 
Ld 


Figure 14. Auxillary Contro! Register (ACR) 


Timer 1 One-Shot Mode 


The Timer 1 one-shot mode generates a single interrupt for each 
timer load operation. As with any interval timer, the delay 
between the "write T1C-H" operation and generation of the pro- 
cessor interrupt is a direct function of the data loaded into the tim- 

. ing counter. In addition to generating a single.interrupt, Timer 1 
can be programmed to produce a single negative pulse on the 
PB7 periphral pin. With the output enabled (ACR7=1) a “write 
T1C-H" operation will cause PB7 to go low. PB7 will return high 
when Timer 1 times out. The result is a single programmable 
width pulse. | | 


T1 interrupt flag will be set, the ВО pin will go low (interrupt өпа- 


bled), and the signal on PB7 will go high. At this time the counter 
will continue to decrement at system clock rate. This allows the 

system processor to read the contents of the counter to deter- 

mine the time since interrupt. However, the T1 interrupt flag can- 

not be set again unless it has been cleared as described in this 
· specification. | 


$2 = 


a à 
' 
‚ ! 
| Д | | 
i 


IRQ OUTPUT 


PB7 OUTPUT 


и ма me | мај 


—N + 1.5 CYCLES - 


Timing for the R6522 interval timer one-shot modes is shown in 
Figure 15. 


іп the one-shot mode, writing into the T1L-H has no effect on the 
operation of Timer 1. However, it will be necessary to assure that 
the low order latch contains the proper data before initiating the 
count-down with a "write T1C-H” operation. When the processor 
writes into the high order counter (T1C-H), the T1 interrupt flag 
will be cleared, the contents of the low order latch will be 
transferred into the low order counter, and the timer will begin to 


· decrement at system clock rate. If the PB7 output is enabled, this 


signal will go low on the $2 following the write operation. 
When the counter reaches zero, the T1 interrupt flag will be set, | 
the IRQ pin will go low (interrupt enabled), and the signal on PB7 
will go high. At this time the counter will continue to decrement at 


^ system clock rate. This allows the system processor to read the 
contents of the counter to determine the time since interrupt. 


However, the T1 interrupt flag cannot be set again unless it has 
been cleared as described in this specification. | 


P Figure 15. Timer 1 One-Shot Mode Timing. 
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Timer 1 Free-Run Mode 


The most important advantage associated with the latches in T1 
is the ability to produce a continuous series of evenly spaced 
interrupts and the ability to produce a square wave on PB7 
whose frequency is not affected by variations in the processor 
. interrupt response time. This is accomplished in the "free- 


. running” mode. . 


In the free-running mode, the interrupt flag i is set and the signal 
on PB7 is inverted each time the counter reaches zero. However, 
instead of continuing to decrement from zero after a time-out, the 
timer automatically transfers the contents of the latch into the 


counter (16 bits) and continues to decrement from there. Тһе 


· interrupt ад can be cleared by writing T1C-H, by reading T1C-L, 
or by writing directly into the flag as described later. However, it is 
not necessary to rewrite the timer to enable setting the interrupt 
flag on the next time-out. 


All interval timers in the R6522 are “re-triggerable”. Rewriting the 


WRITE Т1С-Н 
‚ OPERATION = 


та OUTPUT 


counter wil always re-initialize the time-out period. In fact, те | 
time-out сап be prevented completely if the processor continues 


. to rewrite the timer before it reaches zero. Timer 1 will operate іп 


this manner if the processor writes into the high order counter 
(T1C-H). However, by loading the latches only, the processor can 
access the timer during each down-counting operation without - 
affecting the time-out in process. Instead, the data loaded into 
the latches will determine the length of the next time-out period. 
This capability is particularly valuable in the free-running mode 
with the output enabled. іп this mode, the signal on PB7 is 


inverted and the interrupt flag is set with each time-out. By 


responding to the interrupts with new data for the latches, the 


processor can determine the period of the next half cycle during 


each half cycle of the output signal on PB7. In this manner, very 
complex waveforms can be generated. 


A precaution to take in the use of PB7 as the timer output con- 
cerns the Data Direction Register contents for PB7. Both DDRB 
bit 7 and ACR bit 7.must be 1 for PB7 to function as the timer out- 
put. If one is 1 and the other is 0, then PB7 functions as a normal 
output pin, controlled by ORB bit 7. 


а 1.5 CYCLES — 


-N + 2 CYCLES — — —| 


` Figure 16. Timer 1 Free-Run Mode Timing 


Timer 2 Operation uL 


Timer 2 operates as an interval timer (in the "one-slot" mode 


only), or as a counter for counting negative pulses on the PB6 
peripheral pin. A single control bit in the Auxiliary Control Register 
.selects between these two modes. This timer is comprised of a 
"write-only" lower-order latch (T2L-L), a “геад-оту” low-order 
counter (T2C-L) and a read/write high order counter (T2C-H). 

The counter registers act as a 16-bit counter which decrements 
_ at 02 rate. Figure 17 illustrates the T2 Latch/Counter Registers. 


Timer 2 One-Shot Mode 


As an interval timer, T2 operates in the “one-shot” mode similar 
to Time 1. In this mode, T2 provides a single interrupt for each 
“write Т2С-Н” operation. After timing ош, ће counter will con- 
tinue to decrement. However, setting of the interrupt flag is 
disabled after initial time-out so that it will not be set by the counter 
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decrementing again through z zero. „ The processor must rewrite | 
T2C-H to enable зе па of the interrupt flag. The interrupt flag 
is cleared by reading T2C-L or by writing T2C-H. Timing for this 
operation is shown in Figure 18. 


Timer 2 Pulse Counting Mode 


In the pulse counting mode, T2 counts a predetermined number 
of negative-going pulses on PB6. This is accomplished by first 


loading a number into T2. Writing into T2C-H clears the interrupt 


flag and allows the counter to decrement each time a pulse is | 
applied to PB6. The interrupt flag is set when T2 counts down 
past zero. The counter will then continue to decrement with each 
pulse on PB6. However, it is necessary to rewrite T2C-H to allow 
the interrupt flag to set on a subsequent time-out. Timing for 
this mode is shown in Figure 19. The pulse must be low on the 


` leading edge of 92. 
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REG 8—TIMER 2 LOW-ORDER LATCH/COUNTER REG 9—TIMER 2 HIGH-ORDER LATCH/COUNTER 


BEBE | ЕВЕ 


COUNT 


“| VALUE 


8192 
16384 
32768 


WRITE — 8 BITS LOADED INTO T2 LOW-ORDER WRITE — 8 BITS LOADED INTO T? ttiGH-ORDER 
LATCH COUNTER. ALSO, LOW ORDER LATCH 


READ — 8 BITS FROM T2 LOW-ORDER COUNTER TRANSFERRED TO LOW-ORDER 
TRANSFERRED TO MPU. T2 INTERRUPT COUNTER. IN ADDITION, T2 INTERRUPT 


FLAG 1$ RESET. FLAG IS RESET. 


READ- 8 BITS FROM T2 HIGH-ORDER COUNTER 
TRANSFERRED TO MPU. 


Figure 17. Timer 2 (T2) Latch/Counter Registers 


WRITE T2C-H | | ; 


IRQ OUTPUT 


N 4 1.5 CYCLES | 


Figure 18. Timer 2 One-Shot Mode Timing 


WRITE T2C-H 
OPERATION 


мөт г г Г 


ІНО OUTPUT 


Figure 19. Timer 2 Pulse Counting Mode 
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SHIFT REGISTER OPERATION 


The Shift Register (SR) performs serial data transfers into and 
out of the CB2 pin under control of an internal modulo-8 counter. 
Shift pulses can be applied to the CB1 pin from an external 
Source or, with the proper mode selection, shift pulses generated 
internally will appear on the CB1 pin for controlling external 
devices. | | 


22. The control bits which select the various shift register operating 


modes are located in the Auxiliary Control Register. Figure 20 
illustrates the configuration of the SR data bits and Figure 21 
shows the SR control bits of the ACR. 


SR Mode 0 — Disabled 


Mode 0 disables the Shift Register. In this mode the micropro- 
cessor can write or read the SR and the SR will shift on each CB1 
positive edge shifting in the value on CB2. In this mode the SR 
interrupt Flag is disabled (held to a logic O). | 


SR Mode 1 — Shift In Under Control of T2 


In mode 1, the shifting rate is controlled by the low order 8 bits of 
T2 (Figure 22). Shift pulses are generated on the CB1 pin to con- 
trol shifting in external devices. The time between transitions of 
this output clock is a function of the system clock period and the 
contents of the low order T2 latch (N). i 


"ВЕС 10—SHIFT REGISTER 


ШЫМ 
Надал. 


= 


SHIFT 
REGISTER 
BITS 


NOTES: | | 

1. WHEN SHIFTING OUT, BIT 7 15 THE FIRST BIT 
OUT AND SIMULTANEOUSLY IS ROTATED BACK: 
INTO BIT 0. 


2. WHEN SHIFTING IN, BITS INITIALLY ENTER 
BIT 0 AND ARE SHIFTED TOWARDS ВИТ 7. 


Figure 20. Shift Registers 


Фә 


WRITE OR READ | Я | | 
SHIFT REG | | . 
М + 2 CYCLES | М 


+ 2 
CLES 
2 


SHIFT CLOCK 
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The shifting operation is triggered by the read or write of the SR 


if the SR flag is set in the IFR. Otherwise the first shift will occur 
at the next time-out of T2 after a read or write of the SR. Data 
is shifted first into the low order bit of SR and is then shifted into 
the next higher order bit of the shift register on the negative-going 
edge of each clock pulse. The input data should change before 
the positive-going edge of the CB1 clock pulse. This data is shifted 
into the shift register during the 02 clock cycle following the 
positive-going edge of the CB1 clock pulse. After 8 CB1 clock 
pulses, the shift register interrupt flag will set and IRQ will go low. 


SR Mode 2 — Shift In Under $2 Control 


In mode 2, the shift rate is a direct function of the system clock 
frequency (Figure 23). CB1 becomes an output which generates 
shift pulses for controlling external devices. Timer 2 operates as 
an independent interval timer and has no effect on SR. The shift- 
ing operation is triggered by reading or writing the Shift Register. 
Data is shifted, first into bit O and is then shifted into the next 
higher order bit of the shift register on the trailing edge of each 42 
clock pulse. After 8 clock pulses, the shift register interrupt Над. 
will be set, and the output clock pulses on СВ! will stop. | 


REG 11—AUXILIARY CONTROL REGISTER 


ПЕБЕЕЕЕП 
С 
е REGISTER 


MODE CONTROL 


[4 | 3 [2 | ОРЕВАТОМ id 
|ојојој DISABLED __ — .— 
| ојо|1] SHIFT IN UNDER CONTROL OF T2 

|011|0) SHIFTINUNDERCONTROL OF ^; | 
о | т | 1| SHIFTINUNDER CONTROL OF EXTCLK | 
| 1|0|0| SHIFTOUTFREERUNNINGAT 72 ВАТЕ | 
|1|0 | 1| SHIFTOUTUNDERCONTROLOF 72 | 
| 1 [1 [0] SHIFT OUT UNDER СОМТВОГ ОЕ: | 
ыы 


SHIFT GUT UNDER CONTROL OF EXT CLK 


Figure 21. Shift Register Modes 


oe POT Ж А. ТТ 2 ХДД 3 ХД 7 
IRQ | | MEO | | | | | 


Figure 22. SR Mode 1 — Shift In Under T2 Control 
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SR Mode 3 — Shift in Under CB1 Control 


In mode 3, external pin CB1 becomes an input (Figure 24). This 
allows an external device to load the shift register at its own pace. 
The shift register counter will interrupt the processor each time 8 
bits have been shifted in. However, the shift register counter 
does not stop the shifting operation; it acts simply as a pulse 
counter. Reading or writing the Shift Register resets the Interrupt 
Flag and initializes the SR counter to count another 8 pulses. 


Note that the data is shifted during the first system clock cycle fol- 
lowing the positive-going edge of the CB1 shift pulse. For this 
reason, data must be held stable during the first full cycle follow- 
ing CB1 going high. 


SR Mode 4 — Shift Out Under T2 Control (Free-Run) 
Mode 4 is very similar to mode 5 in which the shifting rate is set by 


READ SR 


CB1 OUTPUT 
SHIFT CLOCK 


T2. However, in mode 4 the SR Counter does not stop the shifting 
operation (Figure 25). Since the Shift Register bit 7 (SR7) is 
recirculated back into bit 0, the 8 bits loaded into the shift register 
will be clocked onto CB2 repetitively. In this mode the shift regis- 
ter counter is disabled. К 


SR Mode 5 — Shift Out Under T2 Control 


n mode 5, the shift rate is controlled by T2 (as in mode 4). The 


shifting operation is triggered by the read or write of the SR if the 
SR flag is set in the #В (Figure 26). Otherwise the first shift will 
occur at the next time-out of T2 after a read or write of the SR. 
However, with each read or write of the shift register the SR 
Counter is reset and 8 bits are shifted onto CB2. At the same 
time, 8 shift pulses are generated on CB1 to control shifting in 


. external devices. After the 8 shift pulses, the shifting is disabled, 


the SR Interrupt Flag is set and CB2 remains at the last data 
level. | 


КЕТШ Ши + ED ED ED ED ED ED Ха ХИ 0 
Шз тты ы ы ышына. ы со ы 


Figure 23. SR Mode 2 — Shift In Center $2 Control 


CB1 OUTPUT 1 2 
SHIFT CLOCK 


4 | 8 


РРС РС ЖК 5 ЖАК 4 ХИ 1) C 


ва a 


Figure 24. SR Mode 3 — Shift In Under CB1 Control 


фа 


WRITE SR 
N + 2 CYCLES N 


CB1 OUTPUT CYCLES | 
SHIFT CLOCK CT LOLI Lat ЕИ а и КИ и 
се на оо“ 1 x2 Хз Ха Ха X 1 


Figure 25. SR Mode 4 — Shift Ош Under T2 Control (Free-Run) 
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SR Mode 6 — Shift Out Under $2 Control 


In mode 6, the shift ratei is controlled by the ф2 system clock (Fig 
. ure 27). 


SR Mode 7 — Shift Out Under CB1 Control 


In mode 7, shifting is controlled by pulses applied to the CB1 pin 
_ Бу an external device (Figure 28). The SR counter sets the SR 


WRITE SR 


| | N + 2 CYCLES 
CB1 OUTPUT 


1 
SHIFT CLOCK 


$2 
WRITE SR 


CB1 OUTPUT 
SHIFT CLOCK 
CB2 OUTPUT 
DATA 


IRQ 


WRITE SR 
CB1 INPUT 
SHIFT CLOCK 


CB2 OUTPUT 
DATA 


2 


Interrupt Flag each time it counts 8 pulses but it does not disable 

the shifting function. Each time the microprocessor, writes or 

reads the shift register, the SR Interrupt Flag is reset and the SR. 
counter is initialized to begin counting the next 8 shift pulses on 

pin СВ1. After 8 shift pulses, the Interrupt Flag is set. The 

microprocessor can then load the shift register with the next byte 

of data. 


N+2 CYCLES 
| 


Figure 28. SR Mode 7 — Shift Out Under СВ! Control 
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86522 —— 
Interrupt Operation 


Controlling interrupts within the R6522 involves three principal 
operations. These are flagging the interrupts, enabling interrupts 
and signaling to the processor that an active interrupt exists 
within the chip. Interrupt flags are set in the Interrupt Flag Regis- 
ter (IFR) by conditions detected within the R6522 or on inputs to 


the R6522. These flags normally remain set until the interrupt ` 


has been serviced. To determine the source of an interrupt, the 
microprocessor must examine these flags in order, from highest 
to lowest priority: 


‘Associated with each interrupt flag is an interrupt enable bit in 


the Interrupt Enable Register (IER). This сап be set or cleared. 
by the processor to enable interrupting the processor from the . 


corresponding interrupt flag. If an interrupt flag is set to a logic 1 
by an interrupting condition, and the corresponding interrupt 


enable bit is set to a 1, the Interrupt Request Output (IRQ) will 


go low. IRQ is an “ореп-соһесіог” output which can be "'wire- 
OR'ed" with other devices in the system to interrupt the processor. 


Interrupt Flag Register (IFR) 


In the R6522, all the interrupt flags are contained in one register, 
i.e., the IFR (Figure 29). In addition, bit 7 of this register will be 
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status of the а output. This bit corresponds to the logic func- 
tion: АО = IFR6 x IER6 + IFR5 x IER5 + |ЕВА x IER4 + _ 
IFR3. x IER3 + IFR2 x IER? + IFR1 х IER1 + IFRO x IERO. 


Note: 


x = logic AND, + = Logic OR. 


| The IFR bit 7 is not a flag. Therefore, this bitis not directly cleared | 


by writing a logic 1 into it. It can only be cleared by clearing all the 
flags in the register or by disabling all the active Dems as dis- 
cussed in the next section. - | 


_ Interrupt Enable Register (IER) 


read as a logic 1 when an interrupt exists within the chip. This 00 


allows very convenient polling of several devices within a system 
to locate the source of an interrupt. 


The Interrupt Flag Register (IRF) may be read вену by the proc- 
essor. In addition, individual flag bits may be cleared by writing 
a “1” into the appropriate bit of the IFR. When the proper chip 
select and register signals are appplied to the chip, the contents 
- of this register are placed on the data bus. Bit 7 indicates the 


. REG 13—INTERRUPT FLAG REGISTER 


SET BY | CLEARED BY 
REG 1 (ОНА)” 
“ | REG 1 (ORA) 
SHIFT REG 


CB2 ACTIVE EDGE | READ OR WRITE ORB* | 
СВ! ACTIVE EDGE READ OR WRITE ORB 


WRITE 12 HIGH 3 
ети | 
WRITE T3 HIGH | 
INTERRUPT INTERRUPTS _ 
* IF THE CA2/CB2 CONTROL IN THE PCR IS SELECTED AS 
"INDEPENDENT" INTERRUPT INPUT, THEN READING OR | 
WRITING THE OUTPUT REGISTER ORA/ORB WILL NOT 
CLEAR THE FLAG BIT. INSTEAD, THE.BIT MUST BE | 


CLEARED BY WRITING INTO THE IFR, AS DESCRIBED 
PREVIOUSLY. 


Figure 29. Interrupt Flag Register (IFR) 


For each interrupt flag in IFR, there isa corresponding bit in the | 


Interrupt Enable Register (IER) (Figure 30). Individual bits in the | 


"ФЕР сап be set or cleared to facilitate controlling individual inter- 


rupts without affecting others. This is accomplished by writing to 
the (IER) after bit 7 set or cleared to, in turn, set or clear selected 
enable bits. If bit 7 of the data placed on the system data bus - 
during this write operation is a 0; each 1 in bits 6 through 0 clears 
the corresponding bit in the Interrupt Enable Register. For each 
zero in bits 6 through 0, the corresponding bit is unaffected. 


_ Selected bits in the IER can be set by writing to the IER with bit 7 


in the data word зе to a 1. In this case, each 1 in bits 6 through 0 
will set the corresponding bit. For each zero, the corresponding 


‚БИ will be unaffected. This individual control of the setting and 


clearing operations allows very convenient control ef the inter- 


e Tupts during system operation. 
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In addition to setting and clearing IER bits, the contents of this 
register can be read at any time. Bit 7 will be read as a logic 1, 
however. 


REG 14—INTERRUPT ENABLE REGISTER 


пообеввр 


CA2 
CA1 


SPIBUREG INTERRUPT 


DISABLED 


“INTERRUPT 
ENABLED 


NOTES: 
„ПЛЕВТ 7 tS A "0", THEN EACH ‘ ч" AN BITSO- 6 DISABLES THE 
Ж CORRESPONDING INTERRUPT. | 
2. IF BIT 71S A 71", THEN EACH "1" IN BITS 0 - 6 ENABLES THE 
`` CORRESPONDING INTERRUPT. | 
3. IF A READ OF THIS REGISTER 15 DONE, BIT 7 WILL BE "1" АМО . > 
ALL OTHER BITS WILL REFLECT THEIR ENABLE/DISABLE STATE. . 


| Figure 30. Interrupt Enable Register (IER) 


Н6522_ Versatile Interface Adapter (МА) 


F ERERERAR INTERFACE CHARACT Емо ICS 


| _ Characteristic - 


Rise and Fall Time for CA1, CB1, СА2 and СВ2 Input Signals | = | ој в | “= | 
. Delay Time, Clock Negative Transition to CA2 ва Transition (read handshake ог 


| _ uS 31a, 81b | 
pulse mode) | 


ў uS | 


Delay Time, Clock Negative Transition to CA2 Positive Transition (pulse mode) 
. Delay Time, CA1 Active Transition to CA2 Positive Transition (handshake mode) 


| Delay Time, Clock Positive: Transition to СА2 ог свг Negative Transition 
> (write handshake) | 


Delay Time, Peripheral Data Valid to CB2 Negative Transition 


Delay Time, Clock Positive Transition to CA2 or CB2 Positive Transition (pulse. mode) | 


‚ Delay Time, CA1 or СВ1 Active Transition, 10 Жады ог свг Positive Тай бол 
21. (handshake mode). Е : 


Delay Time Required from CA2 Output t to CAI Active Transition (handshake mode) 
| Setup Time, Peripheral Data’ Valid to CA1 or CB1 Active Transition (input latching) 
СА1, CB1 Setup Prior to Transition to Arm: Latch | | | 
-Peripheral Data Hold, After CA1, CB1 Transition | 
Shift-Out Delay Time — Time from 4; Falling Edge to CB2 Data Out 
'Shift-In Setup Time — - Time from CB2 Data In. to фо Rsing Edge 
External Shift Clock (CB1). Setup: Time Relative to: фә шыш. Edge 
Pulse Width — PB6 Input Pulse y. rg qeu 
Pulse Width — - СВ Input Clock | 
Pulse Spacing — PB6 Input. Pulse | 


"E 
ә| o 

7 — 

га ac 


Pulse Spacing — СВ! про Pulse ` 
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R6522 _ icis МЕ Жей ae __ Versatile Interface Adapter (МА) - 
PERIPHERAL INTERFACE WAVEFORMS | ks | | 


READ IRA | 
OPERATION 


CA2 ^ 
"DATA TAKEN” 


READ IRA 
OPERATION 


^CA2 ПП. 
“DATA TAKEN" 


CA1 " 
"РАТА READY" 


| “ ACTIVE 
TRANSITION 


Фә 


WRITE ORA, ORB 
OPERATION 


CA2, CB2 
“DATA READY" 


РА, РВ _ 
PERIPHERAL 
DATA 


Figure 31c. CA2, CB2 Timing for Write Handshake, Pulse Mode 
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R6522 Ж и са 2. к Ем Versatile Interface Adapter (VIA) v 


tsns | 


ET UP TIME MEASURED TO THE FIRST gae А 
RISING EDGE AFTER св! RISING; EDGE. | 


. Figure 31g. Timing for Shift in with Internal or External Shift Clocking 


св А 
SHIFT CLOCK 
INPUT 


Figure 31h. External Shift Clock Timing - 


PBe — | 
PULSE COUNT | 
“INPUT 


COUNTER T2 | 
DECREMENTS _ 
. HERE | 


Figure 31i. Pulse Count Input Timing | 


2-53 
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R6522 —— ^ ^ — ^ — Versatile Interface Adapter (МА) 


BUS TIMING CHARACTERISTICS | жыла ЗЕЕ КОЛ. 
| | 
м мы 


Parameter 


READ TIMING 


ГГ exe Time MER ILES NON UNS пи“ ви TUI кет гын а 


[Lo Address Hold Time ___ ЖЕНЕ РИН МЕГА ҒЫН NET eek ENS а з 
-| Peripheral Data Set-Up Time | Та | _300 | =~ | 10 | - | т | 


баға Вив Délay Time ` 


Data Виз Hold Time 


WRITE TIMING ` 


| __. Cycle Time · АТА ast 
|  $2Pusewidt | Te | 
Address Set-Up Time | 
Address Hold Time 
_ ВАМ Set-Up Time 
.R/W Hold Time 


_ Data Bus Set-Up Time . 
_ Data Bus Hold Time dE 
Peripheral Data Delay Time | 
_ Peripheral Data Delay Time - 
to CMOS Levels | 
__ Note: ің and te = 10 to 30 ns. 
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BUS TIMING WAVEFORMS "ord S 


Ee шешшш 


: R6522 - : 
ABSOLUTE MAXIMUM RATINGS* 
Symbol | Маме | Unit | 


Parameter” 


" Supply Voltage EM – 0.310 – 7.0 


| Input Voltage · 


‚ Operating Temperature 
_ Commercial 
г Industrial —40 to +85 


OPERATING CONDITIONS 


Temperature Range 
Ола 


0°C to 70°C. 


| рс СНАВАСТ ERISTICS 
„Мос = 5. 0 Мас %5%, Vss = 


| НЕ Parameter | 
[input High Voltage 


| Input Low Voltage 


. Input L Leakage Current 
R/W, RES, 850, RS1, RS2, 853, CS1, С55, CAI, 92 


Input Leakage Current. for Three-State Off 
00-007 


Input High Current 
PAO-PA7, CA2, PBO-PB7, CB1, CBS 


Input Low Current | 
PAO-PA7, СА2, PBO-PB7, СВ1, СВ2 


Output High Voltage 
All outputs 
PBO-PB7, CB2 (Darlington Drive) 


Output Low Voltage | 


Output High Gurren (Sourcing) 
Logic 
PBO-PB7, CB2 (Darlington Drive) 


Output Low Current (Sinking) 


Output Leakage Current n E 
| IRQ 


ve [rae 0 


| Supply Voltage = 5V EC ии 


Power Dissipation, - %- 


Input Capacitance 
R/W, RES, RSO, RS1, RS2, RS3, CS1, С52, 
00-07, РАО-РА7, CA1, CA2, PBO-PB7 
СВ1, СВ2 
92 прш 


“Output Capacitance CEE ИРЕК AG ЗА 


Notes: 
1. All units are direct current (DC) except for capacitance. 


Versatile Interface Adapter (VIA) 


*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 

This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
other sections of this document is not implied. Exposure to abso- 
lute maximum rating conditions for extended periods may affect | 


_ device reliability. 


0, ја = Ті to ть unless otherwise e noted) 
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. 2. Negative sign indicates outward current flow, positive indicates inward flow. 


3. Typical values shown for Усс = 5.0V and ТА = 25°С. 
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R6522 _ Versatile Interface Adapter (МА) — — 


PACKAGE DIMENSIONS - 


. 40-PIN CERAMIC DIP 


мете оне | | 
DIM] MIN | MAX | 
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R6530 


R6530 


ROM-RAM-I/O- TIMER | (RRIOT) | 


Rockwell 


d DESCRIPTION 


The R6530 ROM- -ВАМ-/О- -Timer (RRIOT) combines read only 
memory, random access memory, parallel /О data ports, and 


timer functions into a.single peripheral device which operates | 


in conjunction with any ‘CPU in the R6500 microprocessor family. 
The R6530 allows two chip solutions in a variety of production 
applications. It is comprised of a mask programmable 1024 x 
8 ROM, a 64 x 8 static RAM, two software controlled 8-bit 
. bidirectional data ports allowing direct interfacing between the 
. microprocessor unit and peripheral devices, and a software pro- 
grammable interval timer with interrupt, capable of timing in var- 
ious intervals from 1 to 262,144 clock periods. 


ORDERING INFORMATION 


Part Number: R6530_ 


Package: 
C = Ceramic DIP 
P = Plastic DIP 


Temperature Range: 
0°С to 70°С 


Frequency: 
1 MHz 


Note: A custom part number will be assigned by Rockwell. 
ROM codes should be submitted using ROM Code arger 
Form, Order No. 2137. 


FEATURES 

• 1024 x 8 mask programmable ROM 

е 64 х В static RAM | 

• Two 8-bit bidirectional data ports for interface to ee 
• Two programmable data direction registers 

е Programmable interval timer . 

• Programmable interval timer interrupt 

* TTL & CMOS compatible peripheral lines 

• Peripheral pins with direct transistor drive capability 


е 8-bit directional data bus for direct communication with the 
microprocessor 


• High impedance three-state data bus 


* Allows ир to 7K gontiguaua bytes. of ROM with no external 


decoding 


NOAUA UNa 


R6530 Pin Configuration 


Document No. 29000041 


Data Sheet Order No. D41 
Rev. 5, August 1983 


R6530 _ 


ІМТЕНҒАСЕ SIGNALS 


RESET (НЕЗ) 


During system initialization, a RES input causes ‘zeroing of all 
four VO registers. This in turn causes all VO buses to act аз 
inputs thus protecting external components from possible 
damage and erroneous data while the system is being config- 
ured under software control. The Data Bus Buffers are put into 
an off state during Reset. Interrupt capability is disabled with 


the RES signal. The RES signal must be held tow for at least. 


one clock period when reset is required. 


READ/WRITE (АЛ) | 


—The АДМ input is supplied by the microprocessor and controls 
the transfer of data between the R6530 and the microprocessor 
via the data bus. A high on the R/W pin reads (with proper 
addressing) data from the R6530 onto the data bus. A low on 

-the R/W pin writes (with proper addressing) data from the data 
bus into А6530. 


PHASE 2 CLOCK (%) 


“Тһе Phase 2 clock (22) input is the &ystem clock generated by 
the CPU that triggers all data transfers between the data bus 
and the R6530. 


INTERRUPT REQUEST (НО) 


Тһе IRQ pin is an interrupt pin from the interval timer. This same 
pin, if not used as an interrupt, can be used as a peripheral 
/О pin (PB7). When used as an interrupt, the pin should be set 

-up as an input by the Data Direction Register. The pin will be 

. normally high with a low indicating an interrupt from the R6530. 
Ап external pull-up device is not required; however, if collector- 
. OR'd with other devices, the internal pullup may be omitted with 

a mask open. 


DATA BUS (D0- D7) 
The R6530 has eight bidirectional data pins (00- -07). Тһеве 


pins connect to the system's data lines and allow transfer of data . 


to and from the microprocessor. The output buffers remain in 
the off state except when selected for a Read operation. 


R6500° n 
MICROPROCESSOR 
BUS аи“ 


| "MASK PROGRAMMABLE 
OPTION. | 


РВО-РВ7 


ROURALO-Timer (ROT 


ADDRESS LINES (А0- А9) 


Тнеге аге 10 address pins. (А0-А9). In addition, there is the 


| ‘ROM Select pin. (RSO). Further, pins РВ5 and PB6 are mask- 


programmable, and can be used either individually | or together 


 aschip selects. When used as peripheral data pins they ci cannot 


be used as chip selects. 


ROM SELECT (950) 


RSO serves аз ап additional address input line. When RSO 5 
high, internal ROM is selected; when RSO is low, Internal ROM 
is not selected. 


PERIPHERAL DATA PORTS | 

Тһе R6530 has 16 pins available for peripheral /О operations. 
Each pin is individually software programmable to act as either 
an input or an output. The 16 pins are divided into two 8-bit 
ports, PAO-PA7 and. PBO-PB7. PB5, PB6 and РВ? also һауе 
other uses which are discussed in later sections. The pins are 


° set up as an input by writing a “0” into the corresponding bit of 


the Data Direction Register. A “1” into the Data Direction Reg- 


ister causes its corresponding bit to be an output. When in the 


input mode, the Peripheral Data Buffers are in the “1” state and 
the internal pull-up device acts as less than one TTL load to 
the peripheral data lines. On a. Read operation, the micropro- 
cessor unit reads the peripheral pin. When the peripheral device 
gets information from the R6530 it receives data stored in the | 
Output Register. The microprocessor will read correct infor- 
mation if the peripheral lines are greater than 2.0 volts (for a 
#41") or less than 0.8 volts (for а “0”) as the peripheral pins are 
all TTL поправе | 


| СНІР SELECT (cso, CS1) 


Pins 18 and 19 are individually selectable at mask time as either 
chip selects C81 and CS2, respectively, or port B functions PB6 
and FBS; respectively. 


С ___(8) ____»> РАСРА7 


- | PERIPHERAL | 
"INTERFACE | 


Interface Signals 


Р6530 _ 


INTERNAL ORGANIZATION 


The R6530 is divided into four basic sections: RAM, ROM, /О 

and Timer. The RAM and ROM interface directly with the micro- 

processor. through the system data bus and address lines. The 

> VO secticn consists of two 8-bit halves. Each half contains а 
й Data Direction Register (DDR) and an Output ш 


_ ROM—1K BYTE (8K BITS) 


LU The 1K byte ROM is па 1024 х 8 configuration. Address lines 
' A . A0-AG, as well as RSO are needed to address the entire ROM. 


With the addition of CS1 and. CS2, seven R6530's may be 
addressed, giving 7168 x 8 bits of contiguous ROM. 


. RAM—64 BYTES (512 BITS) | 

A64 x 8 static RAM is contained on the R6530. It is addressed 
by А0-А5 (Byte Select), RSO, Аб, A7, А8, A9 and, depending 
on the number of chips in the system, CS1 and С$2. 


DATA 
DIRECTION 
REGISTER 
A 


OUTPUT · PERIPHERAL 
REGISTER | DATA BUFFER 


A | А 


DATA 
BUS 
BUFFER. | 


ADDRESS 
DECODER 


INTERVAL | 
TIMER DATA BUFFER 


„ ROM-RAM-I/O-Timer (RRIOT) 


INTERNAL PERIPHERAL REGISTERS 


There are four internal registers, two data direction are and 
two output registers. The two data direction registers (A side and 
B side) control the direction of the data into and out of the 
peripheral pins. A “1” written into the Data Direction Register 
sets up the corresponding peripheral buffer pin as an output. 
Therefore, anything then written into the Output Register will 


appear on that corresponding peripheral pin. A "0" written into 


the DDR inhibits the output buffer from transmitting data from 
the Output Register. For example, a "1" loaded into Data Direc- 
tion Register A, position 3, sets up peripheral pin PA3 as an 
output. If a "0" had been loaded, PA3 would be configured as 
an input and remain in the high state. The two Data Output Reg- 
isters are used to latch data from the Data Bus during a Write 
operation until the peripheral device can read the oo supplied 
by the microprocessor. 


During a Read operation the microprocessor is reading the 


peripheral data pins. For the peripheral data pins which are 


programmed as outputs the microprocessor will read the cor- 
responding data bits of the Output Register. The only way the 
Output Register data сап be changed is by a microprocessor 
Write operation. Тһе Output Register is not. affected by a Read 
of the data on the iia pins: 


PERIPHERAL OUTPUT 
REGISTER 
B ^c p. BB 2 


DATA 
DIRECTION 
REGISTER 
B 


R6530 Block Diagram 


R6530 


ROM-RAM-I/O-Timer (RRIOT) 


INTERVAL TIMER 


The Timer section of the R6530 contains three basic parts: pre- 
scale divide down register, programmable 8-bit register and 
interrupt logic. 


The interval timer can be programmed to count up to 256 time 
intervals. Each time interval can be either 1T, 8T, 64T ог 1024T 
increments, where T is the system clock period. When а full 
count is reached, an interrupt flag is set to a logic "1". After the 
interrupt flag is set the internal clock begins counting down to 
amaximum of — 225T. Thus, after the interrupt ад is set, a Read 
of the timer will tell how long since the flag was set up to a max- 
imum of 255T. 


The 8 bit system Data Bus is used to transfer data to and from 
the Interval Timer. If a count of 52 time intervals were to be 
counted, the pattern 0 O 1 1 O 1 0 O would be put on the 
Data Bus and written into the Interval Timer Register. 


At the same time that data is being written to the Interval Timer, 
the counting interval (1, 8, 64, or 1024T) is decoded from 
address lines AO and A1. During a Read or Write operation 


address line АЗ controls the interrupt capability of PB7,i.e., АЗ = | 


1 enables IRQ on PB7, АЗ = 0 disables ВО on РВУ. When 
PB7 is to be used as an interrupt flag with the interval timer it 
should be programmed as an input. If PB7 is enabled by АЗ and 
an interrupt occurs PB7 will go low. When the timer is read prior 
to the interrupt flag being set, the number of time intervals 


remaining will be read, i.e., 51, 50, 49, etc. 


7 D5 D3 D1 m 
D6 | 04 102100 ВМ 


INTERRUPT. 


CONTROL Ж REGISTER 


De D4 D2 DO 


When the timer has counted downto 0 000000 00nthe 
next count time an interrupt will occur and the counter will read 
111111 1 1. After interrupt, the Timer Register decre- 
ments at a divide by "1" rate of the system clock. If after inter- 
rupt, the timer is read and a value of 1 1 1 O O 1 O Ois read, 
the time since interrupt is 27T. The value read is in one's 
complement. | | 


Value read 
Complement 


11100100 
00011011227 


|| 


Thus, to arrive а ће total elapsed time, merely do a one's com- 
plement and add to the original time written into the timer. 
Again, assume time written as 0 O 1 1 O 1 0 0 (—52). With 
a divide by 8, total time to interrupt is (52 x 8) + 1 = 4171. Total 
elapsed time would be 417T + 27T = 4441, assuming the value 
read after interrupt was 1 1100100. 


After the interrupt, whenever the timer is written or read the 
interrupt is reset. However, the reading of the timer at the same 


time the interrupt occurs will not reset the interrupt flag. When 


the interrupt flag is read on D7 all other D outputs (DO through 
06) go to “0”. 


When reading the timer after an interrupt, A3 should be low so 
as to disable the IRQ pin. This is done so as to avoid future 
interrupts until after another Write timer operation. 


PROGRAMMABLE DIVIDE 


DOWN 


Basic Elements of Interval Timer 


R6530 .— ЖЕ ROM-RAM-I/O-Timer (RRIOT) 


(1) Data written into interval timer 15: 0 0 1 1 0 1 0 0 = 5240 


(2) Data in Interval timer is:0 0011001 = 2540 


52 3 _ 1 = 52 – 26 – 1 = 25 


(3) Data in Interval timer 13:0 0000000 = 019 


52-55-1=52-51-1=0 


(4) Interrupt has occurred at @2 pulse #416 
Data in Interval timer is: 1 1 1 1 1.1 1 1 


(8) Data in Interval timer is: 1 010 
two's complement is: 0101 
83 + (52 x 8) + 1 = 50016 


1 
0 


R6530 Timer Example 
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R6530 


ROM-RAN-I/O-Timer (RRIOT) 


ADDRESSING 


Addressing of the R6530 offers many variations to the user for 
jreater flexibility. The user may configure his system with RAM 
in lower memory, ROM in higher memory, and /О registers with 
interval timers between the extremes. There are 10 address 
lines (A0—A9). In addition, there is the possibility of 3 additional 
address lines to be used as chip-selects and to distinguish 
between ROM, RAM, /О and interval timer. Two of the addi- 
tional lines are chip-selects 1 and 2 (CS1 and CS2). The chip- 
select pins can also be PB5 and PB6. Whether the pins are 
used as chip-selects or peripheral I/O pins is a mask option and 
must be specified when ordering the part. Both pins act inde- 
pendently of each other in that either or both pins may be des- 
ignated as a chip-select. The third additional address line is 
850. The R6502 and R6530 in a 2-chip system would use RSO 
to distinguish between ROM and non-ROM sections of the 
R6530. With the addressing pins available, a total of 7K con- 
tiguous ROM may be addressed with no external decode. Follow- 
ing is an example of a Im and a 7-chip 18380 Addressing 
Scheme. 


ONE-CHIP ADDRESSING 


A 1-chip system decode is illustrated in the R6530 One-Chip 
Address Encoding Diagram. | 


SEVEN-CHIP ADDRESSING 


In the seven-chip system, the objective would be to have 7K. 
bytes of contiguous ROM, with RAM in low order memory. The 


ТК of ROM could be placed between addresses 65,535 and 


1024. For this case, assume A13, A14 and A15 are all 1 when 
addressing ROM, and 0 when addressing RAM or ИО. This 
would place the 7K ROM between addresses 65,535 and 58,367. 
The two pins designated as chip-select, or /О, would be masked 
programmed as chip-select pins. Pin RSO would be connected 
to address line A10. Pins.CS1 and CS2 would be connected to 
address lines A11 and A12 respectively. See table 1. 

The two examples shown would allow addressing of the ROM 
апа RAM; however, once the VO or timer has been addressed, 
further decoding is necessary to select which of the І/О registers 
are desired, as well as the coding of the interval timer. 


ИО REGISTER—TIMER ADDRESSING 


Table 2, Addressing Decode for І/О Register and Timer, 
illustrates the address decoding for the internal elements and 
timer programming. Address lines A2 distinguishes І/О registers 
from the timer. When A2 is high and ИО timer select is high, 
the /О registers are addressed. Once the I/O registers are 
addressed, address lines A1 and AO decode the desired register. 


When the timer is selected A1 and А0 decode the divide by 
matrix. In addition, Address АЗ is used to enable the interrupt 


flag to PB7. 


Table 1. R6530 Seven-Chip Addressing Scheme 


| | R6530 #1 ROM Select 
RAM Select 
Vo Timer 
R6530 #2 - ROM Select 
| RAM Select 
VO Timer 
R6530 #3 ROM Select 
| RAM Select · 
| /О Тїтег 
R6530 #4 ROM Select 
"ВАМ Select 
| /О Timer 
| R6530 #5* ROM Select 
RAM Select 
| /О Timer 
R6530 #6 ROM Select 
| RAM Select 
VO Timer 
" R6530 #7 ROM Select 
| RAM Select 
VE | VO Timer ` 


Note: “ RAM select for R6530 #5 would read = 


Address, Chip Select and Register Select Lines 


: | : oo 


eAi0e Ад» A8 e À7 e Аб 


R6530 фо | НОМ-ВАМ-/О-Тітег (RRIOT) 


1/0 TIMER SEL. 
A. X indicates mask programming, ie.: 

` ROM select = С51 e RSO 

ВАМ зејес! = 6S1 e RS Аб. ФА7 eA6 

“ҰО TIMER SELECT - csi e 550 eA9eAS eA7eAG 
В. Notice that A8 is a don't care for RAM select 
С. CS2 can be used as PBS in this example 


R6530 One-Chip Address Encoding Diagram 


Table 2. Addressing Decode for I/O Register and Timer 


| Addressing Decode 


Read ROM 
Write RAM | 
Read ВАМ. 
Write DDRA 
Read DDRA 
Write DDRB 
Read DDRB 
Write Per. Reg. A 
Read Per. Reg. A 
Write Per. Reg. B 
Read Рег. Reg. В | 
Write Timer 
-IT 
+ ВТ 
+64T 
+1024T 
Read Timer 
Read Interrupt Flag 


Notes: *A3 = 1 Enables IAG to PB7 
4 АЗ 0 Disables КО to PB7 


оооооооооо ~ 
— — – = шм ~ = ~ о ООО 

-— о=о=љо= >= о ч 
x XK KK KK KK OK х OX 
оооооооо хх х 


ооооооо очо 


оооооо 
осооооо 
— ah мь = — м 
——o0000 

Жж + ж » ж 
-о-о-о 


хх----оо 


5 х | ~ 
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86530 _ 


 ВОМ-ВАМ-/О-Птег (RRIOT) 
TIMING CHARACTERISTICS | 


Characteristic 


transition of clock 


Note: Loading 30 pF + 1 TTL load for PAO-PA7, РВО-РВ7 
130 pF + 1 TTL load for 00-07 


Write Timing 


Clock Period E 


R/W valid before positive transition of clock 


Peripheral data valid after negative transition of clock 
driving CMOS (Level = УСС — 3096) 
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R6530 | 


ВЕАО ТІМІМС МАМЕРОВМ5 


CLOCK INPUT 


ADDRESS. 


PERIPHERAL 
DATA 


DATA BUS 


PB7 (RG) 


WRITE TIMING WAVEFORMS | 


о 


CLOCK INPUT 


ADDRESS 


DATA BUS 


PERIPHERAL 
DATA 
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_ ROM-RAN-I/O-Timer (RRIOT) 


R6530 ___________________МОМ-ВАМ-/О-Т тег (RRIOT) 


MAXIMUM RATINGS* 
L.— mew __ аы NL 
ЕКІГЕ 

ІСПЕТТІ” ЧИ ЕГЕСИ СИВ 
[^ | 

E 


*Note: All inputs contain protection circuitry to prevent damage due to 
high static charges. Care should be taken to prevent unnecessary 
application of voltage outside the specification range. 


0 to 70 
–55 to +150 


Storage Temper. Е 


DC CHARACTERISTICS 
(Мсс = 5.0V + 5%, Vss = ОУ, 0°C to 70°C, unless otherwise noted) 


COO cne [эт | мет [ у» [ мы | „ли [ Теисоаноте | 
ЕЕ ОО = ОО ОР [ур Е 
ИТЕРА ME UN QN D ВЕСИ ЗС ис ONERE 


А0-А9, RSO, RAN, RES, 02, РВ6®, РВ5®) 


Input Leakage Current for Three State Off Те! Vin = 0.4V to 2.4У 
00-07 Мос =5.25/ ... 
Input High Current Vin = 2.4V 
PAO-PA7, PBO-PB7 


Input Low Current; 
PAO-PA7 PBO-PB7 
|. Output High Voltage 
РАО-РА7, PBO-PB7 (TTL drive), 00-07 
PBO-PB7, (other drive, e.g., Darlington) 


ILOAD = —100 ША 
[одо = 3.0 тА 
Vec = 4.25V 

lLoAD = 1.6 ПА 


_ Output High Current (Sourcing) 
PAO-PA7, PBO-PB7 (TTL drive), DO-D7 
PBO-PB7 (other drive) | 


Output Low Current (Sinking) 
PAO-PA7, PBO-PB7 


Power Dissipation ШЕГЕН 
| Input Capacitance | 

Р» tance 
Logic 


. Output Capacitance 


Note: 1. All units are direct current (DC). | 
2. Negative sign indicates outward current flow, positive indicates inward flow. 
_ 3. When programmed as address pins. 


267020 


ROM-RAM-I/O-Timer (RRIOT) 


R6530 


PACKAGE DIMENSIONS 
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Rockwell 


R6531 


R6531 


ROM- RAM- I/O COUNTER | (RRIOC) 


| DESCRIPTION 


The R6531 ROM- RAM- /О- Counter (PRIOC) VAR read- 
only memory, random access memory, various I/O data port con- 
figurations and timer functions into a single peripheral device 
which operates in conjunction with any CPU in the R6500 
microprocessor family. The R6531 provides innovative system 
designers with a two-chip solution to a wide range of applica- 
tions. It can also be combined іп a variety of multi-chip. system 
configurations with other Н6531” s, ROMs, RAMs and other ИО 


| devices. 


There are мо R6531 versions: а 40-pin КҮЛТЕГІН — 


another with expanded ИО іп a compact 52-pin quad-in-line 
package. Both versions contain a 2048 x 8 mask-programmable 
ROM, a 128 x 8 static RAM, a software programmable multi- 
mode counter, an 8-bit serial data channel, and 15 bidirectional 
data lines (мо ports) with a handshake control mode and four 


· interruptinputs. The 52-pin version has ап 8-bit output port anda | 


4-bit input port for a total of 27 /O lines. Several mask options are 
available to provide a RAM standby power pin. and chip selects 
for. muftl-chip i ial aa 5 


Prototyping circuits are available i in both the 40- and 52-pin pack- 


ages, and in 1- and 2-MHz versions. They are offered as part - 


numbers R6531-098 апа R6531-098A for the 40-pin part, and as 
_ part numbers R6531-099 and R6531-099A for the 52-pin part. 


_ ORDERING INFORMATION 


Part Number: 
R6531 


Temperature Range: (T,-T,) | 
Blank = 0° їо +7090 | 
= -40°С f to +85°C 


0-Pin DIP, Ceramic. 
-Pin DIP, Plastic. 
-Рт QUIP, Plastic 


Frequency Range: 2 
Мо letters = 1 MHz 
А = 2МН2. 


МОТЕ: Contact your local Rockwell representative for 
bi ОНУ | | | 


Ооситеп! Мо. о | 
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FEATURES 


e 2048 x 28 mask алате ROM 
e 128 x 8 static RAM 
е 16-bit multi-mode counter/latch 
— - internal timer (one shot or free-running) 
— pulse generator (one-shot or free-running) 
— event counter 
— external trigger 
ө 8-bit serial channel 
TTL compatible ИО, drive one TTL load 
15 bidirectional 1/О lines (2 ports — 40-pin package) 
Expansion 8-bit output port and 4-bit input port (52-pin package) 
/О handshake control 
Four edge sensitive interrupt inputs 
1 MHz or 2 MHz operation 
ROM-less versions available for prototyping 
• Single +5V power supply 
` R6500 


MICROPROCESSOR 
| BUS 


PERIPHERAL _ 
INTERFACE 


PAO-PA7 


[CS1-css — 


IRQ 


С RES 


УВВ“ " 


|. vec 


| *52-PIN VERSION ONLY 
_ Interface Signals 


Data Sheet Order No. D52 
Rev. 5, October 1983 


* *OPTIONAL 


86531 


ROM-RAN-I/O Counter (АРГОС) 


"INTERFACE SIGNALS 
RESET (RES) 


This active low signal initializes the R6531. It clears all internal 


..., registers (except the counter and serial registers) to logic zero. 

* This action places all bidirectional I/O lines in the input state and. 
< the Port C outputs in the high state. The timer, shift register, and | 
722 interrupts are disabled. The RES signal must be low ror at least 


four clock periods when reset is required. - 


ADDRESS BUS (А0-А11) AND CHIP SELECTS - 
(CS1-CS3) 


Memory and register selection is accomplished using the 12 
address lines and, in multiple device systems, also using one or 
more of the three Chip Select mask options. When PB4, РВ5, or 
РО2 are chosen as chip selects, they cannot be used as periph- 
eral І/О pins. 


DATA BUS (00-07) 


The R6531 has eight data bus lines, which allow.data to be 
transferred.to or from the microprocessor. The output buffers 


remain in the off-state except when the R6531 is selected for a 
read operation. 


READ/WRITE (R/W) 


The R/W input controls the transfer of data to and from the 


microprocessor and the R6531. A high on the R/W pin allows the 
processor to read (with proper addressing) the data supplied by 


the R6531. A low on the R/W pin allows a write. win Proper 


addressing) to the R6531. 


PORT A 
DATA 


DIRECTION 
REGISTER 


— INTERNAL DATA BUS ` 


2048 х 8 DATA . 
ROM BUS. 


_ NOTE: *52-PIN VERSION ONLY 


| COUNTER 


| === = 
A REGISTER 


PHASE 2 CLOCK (92) 


The Phase 2 Clock (92) input is the system clock that triggers all 


data transfers between the data bus and the R6531.. 


PERIPHERAL DATA PORTS (РАО-РАТ, PBO-PBG, 


. РС0-РС7, PDO-PD3) _ 


Both versions о the R6531 һауе 15 pins available for peripheral 
/О operations. Each pin is software programmable to act as an 
input or an output. The pins are grouped into an 8-bit port, 
РАО-РА7, and а 7-bit port, PBO-PB6. The lines of the PB port 
may serve other functions. Ports PA and РВ һауе associated 
data direction қад | 


Тһе ініден Пе of the 52-pin version. ИТИ an 8-bit output 
only part, PCO-PC7, and а 4-bit input only port PDO- РОЗ. PD2 
and РОЗ may be assigned other functions as described later. 


The outputs are push/pull pad drivers capable of diana a single 
TTL load. When inputs are selected the drivers float. If PB6 is 
programmed as the IRQ request output, the line is driven low and 


` requires an external as up, thus allowing the wire OR- + of Ще 


from omer devices. 
RAM RETENTION VOLTAGE Е (VRR) | 


A рай рїп юг а ромег supply for the read/write memory is 


available as a mask option. This allows the retention of RAM data 


by using a battery back-up for the RAM only. Pin PB6 in the 
40-pin version or PD3 in the 52-pin version is mask program- 
mable as the МАН pin. Address line A10 must be held in the logic 
state which deselects RAM (user-defined) in order to protect the 
RAM data when VCC falls below the specified level or is turned 
off. — 


PORT C* PORT D* 

DATA DATA 
INTERRUPT | 
CONTROL 


- OUT | IN 


CONTROL 
UE 


REGISTER ADDRESS 

AND DECODE 

CHIP SELECT - 

5 CS3 RES B 
" A11 А0 

ф2 С52-. R/W о. 


R6531 Block Diagram 


96531 | 


(CS2) PBA/CNTO с-12 
(CS1) PBS/CNT1 СЗО 
 PBe/IRQ 4 


. НОМ-НАМ-/О Counter (RRIOC) 


40[— варю. 


PB6 OPTION 


(CS2) PB4/CNTO C12 
(CS1) РВБ/СМТ1 Сз 
С PBé/IRQ са 


R6531 40-Ріп DIP Configurations 


52 L3 PB3/SDIO | © VSS 


(CS2) PBA/CNTO | 


(CS1) PB5/CNT1 


PB6/IRG 


RES 


jug 


DS 


(CS3) PD2 


PD3 OPTION 


R6531Q 52-Pin QUIP Configurations 
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PB3/SDIO 
) PB2/SCLK  - 
.PB1/CA2. 
PBO/CA1 


. VRR OPTION 


52 =  PB3/SDIO 


VRR OPTION 


86531 


НОМ-ВАМ-/О Counter (RRIOC) 


_INTERNAL ORGANIZATION | 


Тһе В6531 is divided: into three basic functions: ROM, RAM, and - 


/О. The selection of any one of these three is accomplished by 
issuing the appropriate address information on the address bus 
. when the chip is selected | 


| | ном сак BYTES (16K BITS) 


| The 16K ROM ва 2048 x.8 bit configuration. An address on _ 


lines А0-А10 uniquely selects one byte of ROM. Additionally, 
address line A11 and the chip selects are required to select the 
ROM function on a given chip. In a systern with multiple R6531's, 
the CS1, CS2, and CS3 mask options allow up to seven devices 
с with 14K bytes of ROM without the need for external decoding. 


ВАМ—128 BYTES (1024 BITS) 


The 128 x 8 static RAM of a given R6531 is addressed by lines 
А0-А6. Additionally, address lines A7-A11 and chip selects CS1, 
CS2, and С53 provide selection of the RAM section of the device 
“ав well as the device itself when additional RAM devices or 
R6531' s are in the Dem 


INPUT/OUTPUT 


The input/output section is comprised of the data ports, direction 


registers, counter and associated latches, control registers, and | 


interrupt registers. These I/O functions are all accessible by the 
R6502 CPU’s instruction set using address bits АО-АЗ for the 
specific function of the device. Address bits A4-A11 and CS1, 
CS2, and CS3 additionally may be decoded to select a given 
R6531 device in a multichip system. | 


Control Registers | 


Two control registers allow software selection of various I/O func- 
tions. The Peripheral Control Register (PCR) is primarily associ- 
ated with Port B functions and the Auxiliary Control Register 
(ACR) is associated with the counter and serial data functions 
which also affect Port B. | 


ADDRESSING | 


Addressing of the R6531 offers many variations to the user for 
system configuration flexibility. Combination with other R6531 
ROMs, RAMs or I/O devices is possible without need for external 
address decoding. Each of the three basic functions on the 
device has its own decode mask for unique selection. 


The specific address ranges and chip selects are defined by the 
user and are dependent on the number of chips in the system. 
The programmed options to be fixed by masking are shown in 
Табе 1. | se 
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. Table 1. R6531 Addressing 


НЕ Ур | с 
игла ЕЛЕЛЕЗ | ЕЗ ПЕС 


Тһе Х, У, апа 2 bits may be selected аз. high, low ог no effect. 


The chip select pins are also discrete ЏО pins PB5, PB4, and _ 
PD2. The pins are independent of each other in that any one may - 
be used as a chip select. The user specifies as mask options 
which pins are to be used аз ИО апа which as chip selects. 


40-PIN PROTOTYPING CIRCUIT 


Prototyping circuits R6531-098 (1 MHz) and R6531-098A (2 
MHz) are packaged in a 40-ріп dual in-line package that has the 
same pinouts as the 40-pin R6531 with PB6 option. In this 
prototyping circuit, the. ROM is disabled and there is no VRR 
option. Access codes for this prototyping circuit are shown in 
Table 2. 


Table 2. R6531-098 Addressing | 


R6531-098 
Function 


N means.No Effect, H means High : and L means Low. 


52-PIN PROTOTYPING CIRCUIT 


Prototyping circuits R6531-099 (1 MHz) and R6531-099A (2 MHz) 
are packaged in the 52-point quad in-line package, with VRR 
option. PD2 is used as a chip select (CS3), and PB4 and PB5 
are available as I/O lines. Access codes for the prototyping cir- 
cuit are shown in Table. 3. · | 


Table 3. R6531-099 Addressing 


^  . Address ipis (AO-A11)_ 


R6531-099 
Function 


2K son Pede 
E MUNIRI Deas 


The 128 words or RAM have been mapped into the first half of 
both Page 0 and Page 1, to accommodate zero page addressing 
and stack operations. The full ИО capabilities described for the | 
R6531 are available іп the prototyping circuit, except that I/O 
lines PD2 and PD3 are dedicated to the VRR and CS3 mask 
options. 


R6531 __ + ROM-RAM0 Counter (АРГОС) 
REGISTERS | 
REGISTER SELECTION E 


The register selection and/or general operation performed by the 

15 R6531 addresses in conjunction with the R/W state is shown 

іп Table 4. — | ! 
жа Table 4. Register Selection 


| Address Це ___| 


Read Port A Data Write Port A Data 


г- 
г 


L ДЕ; 
A L| L | t | н | Read Port В Data | _ Write Port B Data 
2 OL Е Н L| | — | “Мите Port C Data 
3 L L H H — Write Port D Data 
4 L H L L | Read Lower Counter Write Lower Latch 
| | 5 ( но L H Read Upper Counter Write Upper Latch and Download 
6 L H H L ыз Write Lower Latch 
7 L H H H — Write Upper Latch 
8 H L L і | Read Serial Data Register .. Write Serial Data Register. © 
9 H L L Н | Read Interrupt Flag Register Write Interrupt Flag Register 
А H L H L |Read Interrupt Enable Register Write Interrupt Enable Register 
B H L H н | Read Auxiliary Control Register Write Auxiliary Contro! Register 
C H H L L | Read Peripheral Control Register . Write Peripheral Control Register . 
D H H | L н E Write Port A Data Direction Register 
E Н H “Но. Е. = Write Port В Data Direction Register 
Peripheral Control Register (PCR) E Auxiliary Control Register (ACR) 
| | 7 Operating Modes for the Timer/Counter, PB2/PB3 Serial 
Some Port B operating options are software selectable by writing input/output and PB4 pulse output are selected by writing bits | 


control bits to the Peripheral Control Register (PCR). to the Auxiliary Control Register (ACR). | 


AUXILIARY CONTROL REGISTER (ACR) 


PERIPHERAL CONTROL REGISTER (РСА) _ | 


тт E T - COUNTER SOURCE SELECTION 


| 00 = COUNTER OFF | 
PBO АМО РВ! CONTROL 
00 = STATIC ИО 
01 = РА НАМОЗНАКЕ | 
1X = NEG EDGE DETECT 


(10s PHASE2 |0 | 
| 11 = PHASE 2, EXT TRIGGER LOW 
- PULSE GENERATION CONTROL 

0 = PULSE OUTPUT OFF,- 


01 = EXTERNAL EVENT (РВ5) 


РВ2 AND PB3 CONTROL 
0 = STATIC ИО 


1 = PULSE OUTPUT ON (РВ4) 


FREE RUN CONTROL . 
0 = ONE SHOT 
1 = FREE RUN 


1 = POS EDGE DETECT 


PB6 CONTROL :. 

0 = STATIC 1/0 

1 = IRQ REQUEST 
OUTPUT. 


‚ SPARE (UNUSED) 


SERIAL CLOCK SOURCE 

00 = SERIAL OFF | 

01 = EXTERNAL СІ.ОСК (РВ2) 
1X = PHASE 2 CLOCK (PB2 OUT) 


SERIAL DATA DIRECTION 
0 = SERIAL IN (PB3) 
1 & SERIAL OUT (PB3) 


SPARE (UNUSED) 
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96531 - 


НОМ-НАМ-І/О Counter (RRIOC) 


Interrupt Enable and Flag Registers 


Two registers are provided for interrupt control. Corresponding 


bits in the enable and flag registers are logically ANDed to set the 


Interrupt Request Pending flag. If the pending flag is set and PB6 


^^". is selected as an IRQ Request Output, then PB6 will be set low to 


request the R6502 CPU to service IRQ. 


ba a The interrupt enable bits are set or reset by writing into the Inter- 


rupt Enable Register. The interrupt flag bits IFRO-IFR6 can бе | 


cleared directly by writing à byte to the flag register which has 1' * 


in those bit positions to be cleared. 

IFR4 and IFR5 may ako be cleared by reading or writing the Port 
A or Serial Data Registers respectively. IFR6 may also be 
cleared by reading the lower-counter with ИО address hex 4 writ- 
‘ing the upper latch with Ще addresses hex 5 or 7. 


These registers and their bit assignments are illustrated. 


Interrupt Enable Register (IER)... 


Interrupt Flag Register (IFR) 


РВО NEGATIVE 


EDGE DETECT | | 


РВ1 NEGATIVE 
EDGE DETECT 


PB2 POSITIVE _ 
EDGE DETECT 


PB3 POSITIVE 
.. EDGE DETECT 


‚ PORT А NEEDS SERVICE 
IN HANDSHAKE MODE 


- SERIAL REGISTER 
С FULL/EMPTY, EXT. CLOCK 


© COUNTER OVERFLOW 


L INTERRUPT 
REQUEST PENDING 


274 


PERIPHERAL DATA PORTS 


Each line of the 8-bit data Port A may be individually selected as 
an input or output. Associated with the port is Data Direction Reg- 
ister — Port A (DDRA). Each line of the 7-bit date Port B may be 
individually selected as an input or an output. This port also has a 
Data Direction Register (DDRB). The two data direction registers 
(A and B) control the direction of the data into and out of the 


-peripheral pins. А “1” written into the Data Direction Register : 


sets up the corresponding peripheral pin as an output. Therefore, | 
anything written into the data register will appear on. that corre- 


sponding репрНега рт. А “0” written into the DDR inhibits the 
output buffer from transmitting data from the data register: For 
. example, а 


"1" loaded into DDRA, position 3, sets up. peripheral 
pin PA3 as an output. If a "0" had been loaded, РАЗ would be 
configured as an л input and would be in a float state. 


_ Note that when lines in the PB port are used alternately as control 


lines for other on-chip functions, Direction Register B must also 
be loaded to set up the proper direction — the Control несе 
һауе no effect оп data direction. 


- The 8-bit Port Ci is an output only Бой: Тһе 4-bit data Port D is an 
| input only port 


| For those lihes being used as outputs, the data registers are 

used to latch data from the Data Bus during a Write operation so 

. "the peripheral device can read the data supplied by the 
| microprocessor. 


For the lines being used as inputs, the microprocessor is reading 


_ the peripheral data pins. For the peripheral data pins which are 


ргодгаттед as ошрш the microprocessor will rend the corre- 
sponding data bits of the Output data. 3 


EDGE aoe LOGIC 


Р іп parallel with the I/O operation of PBO-PB3 is edge 


. detect logic that is enabled by Peripheral Control Register bits 1 


and 2. PCR1 enables logic that upon detection of a negative 
edge on PBO or PB1 will set a corresponding flag in the Interrupt 
Flag Register. PCR2 enables logic that upon detection of a posi- 
tive edge on PB2 or PB3 will set corresponding flags in the Inter- 
rupt Flag Register. If corresponding bits are set in the Interrupt 
Enable Register, then the Interrupt Request Pending flag will be 
set. | | 


HANDSHAKE = OPERATIONS 


PBO and PB1 may be used as handshake control lines for date 
transmissions over Port PA; see PCR definition. PBO is a control 
input, PB1 is a control output. PB1 switches low on a read or write 
to Port PA, and switches high in response to a negative transition 
on PBO. | m | 


|ЕР4 in the Flag Register is set by a negative transition on PBO, 
and cleared by a Read or Write to Port РА: see Handshake Tim- 
ing Diagram for timing details. 


РВО (ІМ) 
РВ! (OUT) 

PBO SAMPLED 
PA (DATA OUT) - 


iRG 


РАО, 1,2,3 
та. 


РВО, РВ! 
РВ2, РВЗ 


PB SAMPLED 
(62 LOW) 


НОМ-ВАМ-/О Counter (RRIOC) 


PB1 CONTROL 


SET BY: . 

RESET, "2 

WRITE PCR, OR 

NEGATIVE TRANSITION ON PBO 
RESET BY: 

WRITE PORT PA 

OR READ PORT PA 


WRITE TO 
FLAG REG. 


R6531 Timing for Interrupt Mode 
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NEG TRANSITIONS 
POS TRANSITIONS 


INTERRUPT FLAG REG. CONTROL | 


SET BY INPUT ACTIVE TRANSITIONS 


RESET BY RESET OR WRITE “1” 
ТО CORRESPONDING IFR ВП 


R6531 


НОМ-НАМ-/О Counter (RRIOC) 


SERIAL DATA CHANNEL 


The R6531 has an 8-bit — ghanna PB2 гна PB3 ‹ аге soft- 


ware selectable as the serial clock (SCLK) and serial data (5010) 
lines respectively. | 


22. The software sets Auxiliary Control Register bits 4 and 5 to ena- 
. blethe serial channel and to specify the source of the shift clock. 
_ Selection of the internal clock will shift data at one half the system 


$2 clock rate. If the external clock is used, data may be shifted at - 


any rate up to опе half the system (2 clock rate. In the external 
clock mode, the counter may be operated in the free run pulse 
generation mode using the CNTO line externally connected tothe 
SCLK line to provide the desired shift rate. 


ADDR (WRITE) ` 


R/W (WRITE) 
DATA BUS . а 
(WRITE) 
SER DATA. E 
SER CLK | 


INPUT SMPL 


IRQ 


‘ADDR (READ) 
R/W (READ) 


DATA BUS (READ) 


Auxiliary Control Register bit 6 sets the.serial data direction. Data 
are shifted in or out, most significant bit first, under control of the 


shift clock. 


In the external clock mode, the completion of eight shifts of the 
serial register will set bit 5 of the interrupt flag register. If the cor- 
responding bit of the Interrupt Enable Register is also. set an 
тети Request Pending Пад will be set. 


7 x 


Z 
oy р 


_ 86531 Serial ИО Timing 
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R6531 


ROM-RAM-I/O Counter (RRIOC) 


COUNTER/TIMER 


The R6531 contains a multi-mode 16-bit counter/timer with an 
associated 16-bit latch whose modes are software selectable by 
setting appropriate bits in the Auxiliary Control Register. The 
latch holds the counter preset value and all 16 bits download to 
the counter simultaneously upon command (I/O address hex 5) 
of the software or automatically in free run modes upon overflow 
of the counter. The counter is a decrementing counter and 
causes the setting of a flag in the Interrupt Flag Register when it 
overflows. This interrupt flag, bit 6, is logically ANDed with a cor- 
responding counter overflow interrupt enabled bit to set the Inter- 
rupt Request Pending flag. The Auxiliary Control Register is used 
"Ло set four basic modes which specify the source of the count 
information, and to select two mode modifiers that apply equally 
to the three active modes. 


Mode 0 — Counter Off 

Mode 1 — Event Counter — counts external event 
inputs (negative transitions) at PB5 

Mode 2 — Interval Timer — counts 02 system clock | 


pulses. 


$2 · 


ADDR | 
LOAD TIMER - 
R/W 


COUNTER: ONE-SHOT 
COUNTER: FREE-RUN 


FR6: ONE-SHOT NS 
FR6: FREE-RUN 


PB4: ONE-SHOT 
PB4: FREE-RUN 


IRQ 


COUNTER EXT STROBE 
PB5 
COUNTER EXT CLOCK 


PB5 


PB5 SAMPLES (2 901 


— External Trigger — counts $2 system clock 
pulses starting with a negative transition on 
PB5. 


Mode 3 


Mode Modifier A — Pulse Generation Control — causes Ше 
output level on PB4 to switch low each time 
the counter is loaded using ИО address 
hex. 5. At counter overflow, PB4 switches 
high. If in the free run mode, PB4 continues 
to toggle at each. subsequent counter over- 
flow; otherwise there are no further transi- 
tions until the counter is reactivated by me 
software. | 


Mong Modifier B — Free-Run Control — causes the full 16-bit 
latch to be downloaded to the counter, con- 
tinues to count, and sets the counter over- 
flow flag bit every time the counter 
overflows. Otherwise the counter is a one 
shot mode in which the counter overflow 
flag is set one time only until the counter is 
"расне ey n software. 


{Тз Тәу Го (ғғ re f ro J re (ға ға (ғә, 


EN C 
\ О БОЕ ЕЕ N 


МАХ ВАТЕ 


R6531 Counter/Timer Timing 
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R6531 __ DET UE: | | ROM-RAM-I/O Counter (RRIOC) 


BUS TIMING CHARACTERISTICS 


| | Characteristic | 


г. | Clock Period | | | 
,  [GekPuseWidh — .  . — 
Rise & Fall Times. | 


READ TIMING 


Data Bus valid after positive transition of clock 
‘DataBusHoldTime 0 — 1 
. | ПАД valid after negative transition of clock . 


Data Bus Hold Time - | 
Peripheral data valid after negative transition of clock 


= 100 pF + 1 TTL for PAO-PA7, PBO-PB6, and PCO-PC7. 
= 100 pF + 1 TTL for DO-D7 (R65314). 
= 130 pF + 1 TTL for 00-07 (R6531). 
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. 86531 


OM-RAM-/O Counter (АРГОС) | 


READ TIMING WAVEFORMS 


0.4V 


2.4V 


от» җы 0| 0 | 
- — 0.4V 
| | 2.4У 
PERIPHERAL 44 2.0V 
DATA | огу | 
| EN 2.0V 
| T ; | 0.4У 
Тіс | ЕСТЕ 
- . — | | | 24V . 
РВ7 (IRQ) N | MO 
oe | Е E | — 04V | 


МАТЕ T!MING WAVEFORMS 


‚ 0.4V 


2.4V 


ADDRESS 


DATA BUS 


PERIPHERAL 
DATA 
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96531  _ 


_ВОМ-ВАМ-/О Counter (RRIOC) 


MAXIMUM RATINGS* 


ГН“ | 


[Symbol | Маше — [Unit | 
TA 
~ “Те 


Supply Voltage 
| Input Voltage 


Operating Temperature Range 
Commercial 
Industrial 


010 +70 
– 40 to +85 


DC CHARACTERISTICS 


Storage Temperature Range -55 to +150 “с | 


*Note: This device contains circuitry to protect the inputs against 
damage due to high static voltages, however, normal precautions 
should be taken to avoid application of any voltage higher than max- 
imum rated voltages to this circuit. 


(Voc 50V + 10%, Мсс = 50V. +5% A, Vss = 0, ТА = T, to Ту, unless otherwise noted) - 


Characteristic 
Input High Voltage - 
Input Low Voltage | 


Input Leakage Current | 
A0-A11, CS1-CS3, АЛМ, RES, $2, РО0-РОЗ 


Leakage Current for Three-State Off. |. 
(Three State) 00-07, РАО-РА7, PBO-PB6 
Input High Current EISE 
PAO-PA7, PBO-PB6, PDO-PD3 · 

Input Low Current ies 
РАО-РА7, PBO-PB6, РО0-РОЗ 

Output High Voltage | MI 
00-07, PAO-PA7, PBO-PB6, PCO-PC7 


с Output Low Voltage | 
00-07, РАО-РА7, PBO-PB6, PCO-PC7 


Output High Current (Sourcing); 
PAO-PA7, PBO-PB6, PCO-PC7 


Output Low Current (Sinking). 
РАО-РА7, PBO-PB7, PCO-PC7 
Input Capacitance. 
фг | 
Logic 


| Power Dissipation 


NOTES: 
1. All units are direct current (DC). | 
2. Negative sign indicates current flow, positive indicates inward flow. 


Test Conditions 


Мм = OV to 5.0V | 
_ Усс = ОМ 

Vin = 0.4V to 2.4V 

Voc = 5.0У 


Усс = 4:75V 
И ОАО = – 200 pA 
Усс = 4.75V 


Voc = 5.0V, 
Vin = OV, | 
f = 1 MHz, 
Ta = 25°C 


R6531 | _ ROM-RAM-I/O Counter (RRIOC) 


E 
ЖЕ, 


PACKAGE DIMENSIONS 


TEN 52-PIN PLASTIC QUIP 


DOT OR NOT | | 640 + - 


TO LOCATE 0.600 MAX (15.87) 0.625 
PIN NO. 1 (15.24 MM) (15.11) 0.595 


God 


0.155 MAX 


(3.93 MM) 
2.020 MAX 


(51.30 MM) 0.190 МАХ | .050 + .002 
(4.82 ММ) ТҮР 


0.310 МАХ 
| (7.87 мм) 
ТУР. | 


0.100 МІМ 


(1.65) 0.065 
(1.01) 0.040 


011 МАХ 
(2.54 ММ) 


(0.55) 0.022 

=== ЫЛЕ ТУР. | | | 

(0.45) 0.018 | 0.010 MIN = т 
1.910 (48.51 ММ) (0.25 ММ) | xli 
1.890 (48.00 MM) 


5 NER 


1 


19 EQUAL SPACES 
0.100 $ TOL NONCUM. 
(2.54 MM) 


NOTE: Pin No. 1 is in lower left corner when 
symbolization is in normal orientation 
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R6532 


oN | _ R6532 


 ВАМ-/О-ТІМЕВ (RIOT) | 
Rockwell | (RIOT) 


DESCRIPTION |" 3 FEATURES 


The Н6532 RAM- O- Timer (RIOT) integrates random access 128 х 8 static RAM 
memory (RAM), parallel /О data ports and timer functions into Two 8 bit bidirectional data ports 
a single peripheral device which operates in conjunction with Р 
any CPU іп the R6500 microprocessor family. It is comprised i ccn MOEMA Ри interrup t Capa MY 
of a 128 x 8 static RAM, two software-controlled, 8-bit bidirec- Moo OS Samp, аре peripheral lines 
_ tional data ports allowing direct interfacing between the micro- One port has direct transistor drive capability 
computer and peripheral devices, a software programmable Programmable edge-sensitive interrupt input 
interval timer with interrupt, capable of timing in various intervals 8 bit bidirectional data bus 
from 1 to 262,144 clock periods, апа а programmable edge- 6500/6800 bus compatible 
1 MHz and 2 MHz parts available 


detect circuit. 
Single +5V power supply 


OON OA AWH =A 


ORDERING INFORMATION 


Part Number: R6532_. — — 


- Temperature Range: 
Blank = 0°C to +70°C 
Е = —40°С to +85°C 


Раскаде: 
С = Ceramic DIP 
P = Plastic DIP 


Frequency: " 
Ко Letter = 1 MHz R6532 Pin Configuration 


А = 2 MHz 


Document No. 29000D42 | Data Sheet Order Мо. D42 


Rev. 6, October 1983 _ 
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86532 | 


RAM-I/O-Timer (RIOT) 


INTERFACE SIGNALS 


RESET (RES) 


During system initialization, a low RES input causes а zeroing. — / 


of all four I/O registers. This in turn causes all I/O buses to act 
as inputs thus protecting external components from possible 


damage, and erroneous data while the system is being config- . 
ured under software control. The-Data Bus Buffers are put into — 


an OFF-STATE during Reset. Interrupt capability is disabled with 


the RES signal. The RES signal must be held low for at least 


two clock periods when reset is required. 


READ/WRITE (R/W) 


The R/W signal is supplied Бу the microprocessor and controls _ 
the transfer of data to and from the R6532. A high on the R/W 


pin allows the processor to read (with proper addressing) the 


data supplied by the R6532. A low on the R/W pin allows a write | 


(with proper addressing) to the R6532. 


INTERRUPT REQUEST (IRQ) 


The IRQ pin is an interrupt pin from the interrupt control logic. 
The pin will be normally high with a low indicating an interrupt 
from the R6532. An external 3K pull-up resistor is required. The 
ТВО pin may be activated by a transition . on PA7 or timeout of 
the interval timer. 


DATA BUS (00-07) 


The R6532 has eight bidirectional data pins (00-07). These pins 
connect to the system’s data lines and transfer data between the 
R6532 and the microprocessor data bus. The output buffers 
remain off, or tri-stated, except when the R6532 is selected for 
a Read operation. 


D-D7( — (8) > 


А0-А6 ^ (10) 
R6500 $2 
MICROPROCESSOR ах 
BUS . | R/W. 
INTERFACE. 
CS1 
RS 
~ RES 
по 


ADDRESS LINES (A0— A6) 


There are seven address pins (АО-А6). іп addition, there i 15 the 
RAM SELECT (RS) pin. The pins AO-A6 and RS are always used 
аз addressing pins. There аге two additional | pins which are used 
as CHIP SELECTS. They are pins С$1 and CS2. Tables 1 and 2 
identify the functions selected and registers addressed depending 
-upon the address line and RS Дои іп коплеп with the ВАУ 


level. . 


"ЏО PORTS (РАО- РА7, PBO-PB7) | 
‘The R6532 has 16 pins available for peripheral ГО operations. 


Each pin is individually software programmable to act as either 
an input or an output. The 16 pins are divided into two 8-bit 
ports, PAO-PA7 and PBO-PB7. (PA7 also has another use 


which is discussed later.) Each is set up as an input by writing 


a "0" into the corresponding bit of the data direction register. А 


"1" written into the data direction register causes its corre- 


sponding bit to be an output. When in the input mode, the 
peripheral output buffers are in the “1” state and the internal 


pull-up device acts as less than one TTL load to the peripheral 


data lines. On a Read operation, the microprocessor reads the 
peripheral pin. When the peripheral device gets information 
from the R6532 it receives data stored in the data register. The 
microprocessor reads valid pin information if the peripheral lines 


are greater than 2.0 volts for а “1” and less than 0.8 volt for a 


“0” as the peripheral pins are all TTL compatible. Pins PBO- 
PB7 are also capable of sourcing 3 ma at 1.5V, thus making 
them capable of Darlington drive. 


> PAC-PAT 


PERIPHERAL 
INTERFACE 


Ке рвоввт | 


RIOT Interface Signals 


Notes: 


|... (b) АТ 0 to disable interrupt from РА7 to ТЕ а 


LIMEN am od ___БАМ-/О-Титег (RIOT) 


Table 1. Address Decoding 


Write RAM . 
. Read RAM 


_ Write Output Reg Ao 


Read Output Reg A 


| М/гйе DDRA 


Read DDRA. | 1 
0 


Write DDRB _ 
Read DDRB 


| Write Output Reg B 
A | Read Output Reg B 1 


. Write Timer 


SEE. в. 
eT С 
+64T 

+ 1024Т 


| Read Timer - 
"Вега Interrupt Flag - 


Write: Edge Detect Control 


- Don't Care, EL 2 High level (22. 23 "0" = = Low level ( av) 


(ay АЗ = 0 to disable interrupt from angi to РО Ph, m Rt (с) Аб = 0 for negative edge-detect | 


АЗ = = 1 to enable а from timer to RQ к IS pé ~ АО = 1 for positive édge-detect 


— 


С ІНО 


Ai = 1 to enable се from PA7 to IRQ 


| | | Table 2. Register Addressing - 
Stat — | s Е ща | Start 


Address + | Register/Function | "TN . Address + * Register/Function. 


DRA (А' side data register) MEE | | Write edge-detect control (positive edge-detece, 
DDRA (А side data direction register) — Bi г enable interrupt): | 
DRB.('B' side data register) Read timer (enable interrupt) | | 

. . DDRB (В side data direction register) — | pau ^ Write timer (divide by 1, disable interrupt) 

| Read timer (disable interrupt) . Write timer (divide by 8, disable interrupt) | 
Write edge-detect control (negative edge-detec, | » Write timer (divide by 64, disable interrupt) __ 
disable interrupt) Write timer (divide by 1024, disable interrupt) 
Read interrupt flag register (bit 7 — timer, bit 6 = ШР Write timer (divide by 1, enable interrupt) 

PA7 edge-detect) Clear PA7 flag Фа _ Write timer (divide by 8, enable interrupt) 

- Write edge-detect control (positive edge-detect, | | Write timer (divide by 64, enable interrupt) 
disable interrupt) | Но. gi . . Write timer (divide by 1024, enable interrupt) 
Write edge-detect control (negative edge-detect, | | 
enable interrupt) 
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INTERNAL ORGANIZATION 


The R6532 i is divided into four basic sections, ВАМ, /О, Timer, 
and Interrupt Control. The RAM interfaces directly with: the 
microprocessor through the system data bus and address lines. 
The ИО. section consists of two 8-bit halves. Each half contains 
a Data Direction Register (DDR) and a Data Register (DR). . 


RAM— 128 BYTES (1024 BITS) 


The 128 x8 Read/Write Memory acts as a conventional statie 
RAM and can be accessed from the microprocessor by selecting 
the chip (CS1 = high, С52 = low) and by setting RS low. 
Address lines’ А0 кешп Аб then select the desired id of 
Богава: | 


ИО PORTS AND REGISTERS 


The І/О Ports consist of eight lines which can be individually pro- 
grammed to act as either an input or an output. A logic zero in 
a bit of the Port A Data Direction Register (DDRA) causes the 
corresponding line of Port A to act as an input. A logic one 
causes the corresponding Port A line to act as an output. The 
voltage on any line programmed to be an output is determined 
by the corresponding bit in the Port A Data Register (DRA). 


DATA 
DIRECTION 
REGISTER 


REGISTER 
A A 


DATA 
BUS ADDRESS 


| | PERIPHERAL | (^ DATA 
DATA BUFFER 


DATA 4 PERIPHERAL 
DATA BUFFER 
А 


С ВАМ-/О-Ттег (RIOT) 


Data is read directly from the data pins during any read орег- 

ation. For. any output pin, the data transferred into the processor 
will be the same as that contained in the Data Register if the 
voltage on the pin is allowed to go to 2.4V for a logic one. Note 
that for input lines, the processor can write. into the corre- | 
sponding bit of the Data Register. This will not affect the polarity 
on the pin until the corresponding bit of DDRA i is set to a logic 


one to allow tho vO line to act as an а 


The operai of. the Port В із. cen the same as the nom 
VO operation of the Port A. Each of the eight lines сап each be 
programmed to act as either an input or as an output by placing 
aO or a 1 into the Port B Data Direction register (DDRB). In the 
output mode, the voltage бп а peripheral pin is controlled by the 
Font B Data id COT 


The primary ГРА belween Port A and the Port B is in the 
operation of the output buffers which drive these pins. The Port 
B output buffers аге. push-pull devices which are capable of 
sourcing 3 ma at 1.5V. This allows these pins to directly drive 
transistor switches. To assure that the microprocessor will read 


_ proper data on a “Read Port B" operation, logic in the R6532 


allows the microprocessor to read the Output Register instead 
of reading the peripheral pin as on Port A. 


DATA 
DIRECTION 
REGISTER 


REGISTER 
B. B 


INTERVAL 
CONTROL | TIMER 


INTERRUPT 


R6532 Block Diagram 


R6532 


EDGE DETECTING WITH PA7 


In addition-to acting as a peripheral /О line, the PA7 line can 
be used as an edge-detecting input. In this mode, an active tran- 
sition. sets the internal interrupt flag (bit 6 of the Interrupt Flag 


register). Setting the interrupt flag causes IRQ output to go low 


if the PA7 ТЕТЕ has been enabled. 


X Contro of the PA7 edge detecting node | is ча Бел ру 


| ) m . writing to one of four addresses. In this operation, AO controls . 


the polarity of the active transition and A1 acts to enable or dis- | 


able interrupting of the processor. The data which is placed on 


the Data Bus during this operation is discarded and has no 


| өте on ІНЕ coniro of РА7.. 


Тһе РА7. interfupl. flag is ‘set. on an у active transition, even T the 
pin is being used as a normal input огаз a peripheral control 
output. The flag is also set by an active transition if the PA7 
interrupt is disabled. The reset signal (RES) disables the PA7 


e -interrupt and enables negative (high-to-low) edge: detection on 


__РА7. The РА? edge detect.logic can be set to detect either a | 


positive or negative transition and. to either. dd or disable 


E interrupt ( (Е но) 2. upon detection. 


D4 D2 


_ВАМ-/О-Титег (RIOT) 


During system initialization, the interrupt flag may inádvertently 
ре set by an unexpected transition on the РА. It is therefore 
recommended that the interrupt flag be cleared before enabling 


_ interrupting from. РА7. To clear РА? КІСІГЕ flag, ИМ dris 


the interrupt Flag Register. 


INTERVAL TIMER 


The Timer section of the 86532 contains ires | Basis parts: pre- 
liminary divide down register, Рао 8-bit register and 
interrupt logic. - 


The Timer can be paganed to count up to 255 time intervals. 
Each time interval can be either 1T, 8T, 64T or 1024T іпсіе- | 
ments, where T is the system clock period. When a full count 
is reached, an interrupt flag is set to logic “1”, After the interrupt 
flag is set the internal clock begins counting down at the system 


'clock rate to a maximum of – 2551. Thus, after the interrupt flag 


is set, a Read of the timer will tell how long since the flag was 
set up toa maximum of 2557. | 


‘DIVIDE 
DOWN 


ро _ 


. Basic Elements of Interval Timer 
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RAM-I/O-Timer (RIOT) 


. INTERVAL TIMER EXAMPLE 
The 8-bit microprocessor data bus transfers data to and from Value read =11100100. 
the Timer. If a count of 52 time intervals were to be counted, Complement=0 001101 1 p 
the pattern 0 O 1 1 O 1 0 Owould be put on the data Dus and ADD 1  =00011100= 28 Equals two's com- 
written into the divide by 1 Timer register. | | plement of register 
| | SUB1 =00011011= 27 | 


At the same time that data is being written to the Timer, the 
"counting intervals of 1, 8, 64, 1024T аге decoded from address 
lines AO and A1. During a Read or Write operation address line 
A3 controls the interrupt ce capability of PB7, i.e., A3 = 1 enables 
ТВО, АЗ = 0 disables IRQ. When the timer is read prior to the 
interrupt flag being set, the number of time intervals remaining 
will be read, i.e., 51, 50, 49, etc. 


When the Timer has counted through 0 O 0 0 0 O O Oonthe 
next count time.an interrupt will occur and the counter will read 
11111 1 1 1. After the interrupt flag is set, the timer reg- 
ister decrements at a divide by "1" rate of the system clock. If 
the timer is read after the interrupt flag is set and a value of 
11100100 5 read, the time since interrupt is 27T. The 
· value read is in two's complement, but remember that interrupt 
occurred on count number one. Therefore, we must subtract 1. 


COUNTER CONTENTS 


Р-Тс — 
o | = 


: Thus, to arrive at the тога! elapsed time, merely do a two’s com- 


E plement add to the original time written into the timer. Again, 


assume time written as 0 0 1 1 01 0 0 (—52). With a divide 
by 8, total time to interrupt is (52 x 8) + 1 = 4171, Total elapsed 
time would be 416T + 27T = 443T, assuming the value read 
after interrupt was 1 1 1 0 O 1 O O. 


The interrupt flag will be reset whenever the Timer is accessed 
by a read or a write. However, the reading of the timer at the 
same time the interrupt occurs will not reset the interrupt flag. 
When the interrupt flagsiare read (07 for the timer, D6 for the 
edge detect) data bus lines 00-05 до to 0. 


When reading the timer after an interrupt, АЗ should be low so 
as to disable the IRQ pin. This is done so as to avoid future 
interrupts until after another Write timer operation. | 


о | 255 | 254 | 253 | | ва | 


$2 PULSE NUMBER Ја мл Jel rum дол Аалы, ЫНЫ 
WRITE TIMER Pg зз о ee = т | 


PRE-SCALE OUTPUT 


| | | | _ мете + Te/2 = | пер | | 
INTERRUPT FLAG (BIT 7) 
READ TIMER -------.-------::5:5:: 


Notes: 
Assume 52 Loaded into Timer with a divide by 8. 
The Counter Contents and the Clock Pulse Numbers will coincide. 
Prescale, P = 8. 
| Cycle Time, Tc = 1 psec (for 1 MHz) 
Count, М = 52 


‘Interval Time Example Waveforms 
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© ож BUS AND PERIPHERAL UMING WAVEFORMS 


| READ THING 


= EN м 


WRITE TIMING 


ME Қап B | B 420v 
Toy ра 82 — | 
е HE - . 08V 


R6532  . ВАМ-ПО-Тиег (RIOT) 
AC CHARACTERISTICS | 


Characteristic 


| | Clock Cycle Time ЗВАНИ ВЕЛЕ кє ЖЕ ЕТС HERI BON UN S 
| Clock Pulse Width | 
Rise & Fall Times 


READ TIMING 


[Address Set Up Time Е ONE CENE SE теу DACA QA Ta OB M ъв: 
| Адшевв Hold Time а a ЛА ы БИСЕН РА ава 
RAW Set Up Time |-__а | d. — |" «= | — | ~ | 


|__ Data Bus Daley пте ые ee КОК ЕЕЕ БЕС АНЕ 
Data Bus Hold Time _ kc me coq owe go 3 cq o o xm 
Peripheral Data Set Up Time В Е ЗЕЕ ЕЕ. ЖЕК ге | 


WRITE TIMING 


xmas го Ix ЗЕЛЕНЕ МЕНЕ БЕС = 
б ИННЫ UNIS ВАНИЕ ВЕ ENT UR DUIS PIT MI 
ЕГЕСІ шшш ЖЫННЫҢ | ш с. Ew = | тј ја [uml 
—M——— | эз рз | | 5 | ° | | 
MCI I њем ВЕСА = бо рада а 


АМУ. Hold Time 
Data Bus Set-Up Time 
7 Data Bus Hold Time 
po Peripheral Data Delay Time 
| | Peripheral Data Delay Time CMOS . 
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MAXIMUM RATINGS* 


| E Voltage 


E ‘Note: This device contains input — — dina due to. high 
static voltages or electric fields; however, precautions should be taken 


‚ Input Voltage Е 


" Operating Temperature 


„Соттегаа. .  ... .|.. | 00470 


Industrial | | © | -40ю+85 | °С 


| Storage Temperature 


| DC CHARACTERISTICS | 
(Мес = 50 %5%, T4 = T, to Т, unless otherwise noted) | 


_ Characteristic 


тр Low Voltage - 


· Input Leakage Current: 
A0-A6, RS, RM, RES, a CS1,CS2 _ 


| Input Leakage Current for. Three-State Off. 
00- 07 


Input High p 
. РАО-РА7, РВО-РВ7 


‘Input Low Current 
. PAO-PA7, РВО-РВ7 


Output High Voltage. . Г 
РАО-РА7, PBO-PB7 (TTL drive), 20-07 
РВО- PB7 (other than TTL drive, e.g., During 


Output Low Voltage 
0097 —— 


Output High Current (Sourcing) — 
PAO-PA7, PBO-PB7 (TTL drive), DO-D7 
PBO-PB7 (other drive, e.g., Darlington) 


Output Low Current. (Sinking) 
PAO-PA7, PBO-PB7 ` 


Input Capacitance 
02 
Other 


Power Dissipation 


Notes: | 
1. All units are direct current (DO). 


2. Negative sign indicates outward current flow, positive indicates inward flow. 


290 . 


to. avoid application of voltages higher than the maximum rating. 


.. Test Conditions | 


Ve = OV to 5. ОМ. 
Мос = у 


Усс -4J75V _. 
| одр = –100 A 
shojo = amA с, 


| одр = 1.6 тА 


ве —— 


PACKAGE DIMENSIONS | 
40-РІМ CERAMIC DIP и 


| | 2-91 | 


МІЦІМЕТЕНӘГ МОНЕ |  - 
жм MINT MAXON | MAX] 


С ВАМ-/О-Птег (RIOT) 


> 
& 
o 
in 
3 


[13.72 | 14.22 [0.540 | 0560 
| 3.56 | 5.08 [0.140 | 0.200. 


D | 0361 0.51 [0.014 | 0.020 | 
[1.02 | 1.52 [0.040 [0.060] - 
| 1.65] 2.16 [0.085 | 0085] — 
| 0.20] 0.30 [0.008 | 0.012 | 

K | 305] 3.56 [0.120 | 0.140 | 


6% 


Rockwell 


R6541Q „ R6500/41, /42, 143 
реки Кете System | 


ЕСТІ R6500/41, R6500/42 & R6500/43- 
ONE- CHIP INTELLIGENT _ 
PERIPHERAL CONTROLLER 


The Rockwell 'R6541Q, R6500/41, В6500/42 and R6500/43 


Опе-Сћр Intelligent Peripheral Controllers (IPC) are general | a 


with a variety of 8- bit and 16- bit microprocessor systems. | 


NOTE 


This document describes four Intelligent Peripheral Соп- · 

troller devices. In the text, the terms IPC or device will be 

‚ used when describing all parts. The few differences will _ 
ре described іп the text using the terms Н65410, 
ЈА по в 19650042, ог R6500/43. 


The 5. R6500/41 IPC ha an enhanced R6502 CPU, 


4.5K by 8-bit ROM, 64 by 8-bit RAM, three /О ports with mul- 
tiplexed special: functions, and a multi-function timer all con- | 


tained within a 40 ріп раскаое:. 


For НАЕ requiring ‘additional По ports, the device is also 


available іп а 64-pin QUIP version, 6500/42, that provides 
three additional 8-bit ports. | 


Another 64 pin QUIP version, R6500/43, is functionally equiv- 
alent to the R6500/41 except 4K addresses and a data bus are 
provided on pins, and the ROM size is optionally 256 or 0 bytes. 


The R6541Q, also а 64 pin QUIP version, is functionally iden- . 


tical to the R6500/43 except it has no options. The part has no 
ROM and no port pull-up resistors. It can be used as an IPC 
microprocessor or as an emulator for the family. 


‘In all versions, special interface registers allow these IPC devices. . 


to function as peripheral controllers for the. 6500, 6800, Z80, 

. 8080, and other 8-bit or 16-bit host microcomputer systems. The 
innovative architecture and the demonstrated high performance 
of the R6502 CPU, as well as the instruction simplicity results 
in system cost-effectiveness and a wide range of computational 
power. These features make the device a leading candidate for 
ІРС computer applications. 


FEATURES 


e Directly compatible. with P909; 6800, 8080, and 280 bus 
^ families 


Asynchronous : Host interface that allows independent clock 
operation 


Input, Output. and Status Registers for CPU/ Host data transfers 
Interrupt or polled data interchange with: Host 4” 
• Епћапсед 6502 СРЏ 


— Four new bit manipulation instructions: 
Set Memory Bit (SMB) 
Reset Memory Bit (RMB) _ 
Branch оп Bit Set (BBS) 
Branch on Bit Reset (BBR) . 


— Decimal and binary. arithmetic modes "S 

—13 addressing modes | | 

—True indexing . | 

1.5K, 256 ог. zero. bytes mask-progranmable ROM. 
64-byte static RAM 

47 TTL-compatible VO lines (R6500/42) 

23 TTL-compatible ИО lines (all others) 

A 16-bit programmable counter/timer, with latch 

— Pulse width measurement 

— Pulse generation 

— тема timer | 

— Event counter __ 

Seven interrupts | 
— Two edge-sensitive lines: one Positive, one ен 
— Reset | 
— Counter 

— Host даа received. 

— Output Data Register full 

— Input Data Register empty 

Multiplexed bus expandable to 4K bytes of external memory 
e Unmultiplexed bus for Peripheral /О expansion | 


e 6896 of the instructions are executed in less than 2,5 а! 2 
МН2 


ММО5-3 silicon gate, depletion load на 
Single +5V power supply | 

40-ріп DIP (R6500/41) | 

64-ріп ОМІР (all others) 


Document Мо. 29000095 


Data Sheet Order Мо. 095 
Rev. 1, February 1983 


L7 9: e R6500/41, 142, аз 


| Rockwell Sipai development of the 6500/41, 86500/42, | 
~ and А6500/43 with the System 65 Microcomputer develop- 

ment System and the R6500/* Family of Personality Mod- - 
ules. Complete in-circuit emulation with the R6500/* Family | 


of Personality Modules allows total system test and evaluation. 


This document is for the feeder familiar with the R6502 CPU 
hardware and programming capabilities. A detailed descrip- 


tion of the R6502 CPU hardware is included in the R6500 


Microcomputer System Hardware Manual (Order Number. 
_ 201). A description of the instruction capabilities of the R6502 . 
CPU is contained in the R6500 Microcomputer ym Pro- 


> gramming Manual (Order Number 202). 


Additional information on the devices can be ЖЕКЕН from 

Һе R6500/41 and R6500/42 Product Description (Order 
Number 2135) and the R6500/43 and 765410 Product 
Description (Order Number 2199). poe ' ди | 


"опе Снр intelligent Peripheral Controller 


MASK OPTIONS 


The R6500/41 provides for internal pull- up. resistors: on РА 
and РС ports аз а mask option. This option is available for 
port groups. only, по for Individual port lines. | 


. The R6500/42 has provision for pull-up resistors оп. PA, РС, . 


PF, and PG ports as a mask option. This option is available | 
for. port groups only, not for пена. pent lines. | 


. The R6500/43 allows tor. 256 Bytes of ROM ог по. ROM, the | 


Reset vector at FFFC or OFFC, and pull-up resistors on PA 
and PC ports as independent mask options. The port resistor 
options are available for dar groups олу; not for individual 


port lines. 


The R6541Q hasr no options. It is configured with no ROM, | 
Reset vector at FFFC, and no pull-up resistors. 


. FUNCTIONAL DESCRIPTION 


The internal CPU or the device is a standard R6502 config- 


uration with the standard R6502 instructions, plus four new 
bit manipulation instructions. These new bit manipulator 
instructions form an enhanced R6502 instruction set and 
‘improve memory utilization efficiency and ја 


Set Memory Bit (SMB #,ADDR.) 


) This instruction sets to "1" one bit of the 8-bit data field зрес- 


· Мед by the zero page address (memory ог!/О port). The first 

. byte of the instruction specifies the. SMB operation and which 
one of the eight bits to set. The second byte of the instruction 
designates the address (0-255) of ine byte or the Ще; роп 10 
be operated on. 


| Reset Memory Bit (RMB # ADDR.) 


| This instruction has the. same operation and format as the 
` SMB instruction except that a reset іо "0" results. 


Branch on Bit Set Relative (BBS | #,ADDR.,DEST) 


This instruction tests one of the eight. bits designated by a 
3-bit immediate field within the first Буе of the instruction. 
- The second byte designates the location of the byte or /О 
| роп to be tested within the zero page address range. The 


third byte of the instruction specifies the 8-bit relative address 


- that the instruction will branch to if the tested bit is a "1". If 
the bit tested is. not Set the ext sequentar ај is 
executed. | 


Branch on 1 Bit Reset Relative _ 
| (BBR # ,ADDR.,DEST) | к 


This instruction has the same operation and format as the 
BBS instruction except that a branch occurs if the bi tested 
is a "0". | 


! Read Only Memory (ROM) 


The ROM consists of 1536 bytes of mask programmable - 


memory with an address space from ҒА00 to FFFF for the 


R6500/41 and R6500/42. The R6500/43 has an optional 256 - 
bytes of ROM at address Space ОРОр to OFFF. The R6541Q 
has no ROM. | ШУ 


Random Access Memory (RAM) 


| Тће RAM consists of 64 bytes of read/write memory with an 


2 assigned page zero address of 0040 Шош 007F. 


. System Clock О ЖО к ЕК 
The device functions with an external clock. It is fully asyn- 


chronous in reference to the Host computer timing. The 
device clock frequency equals the external clock frequency. 
It is also made available for апу, external device а 
ation’ at pin 22. | и 


Parallel Input/Output Ports. 


. All of the devices except the. R6500/42. have 23 10 lines 


grouped into three ports (PA, PB, PC). Ports A and C may 


` be used either for input or output individually or in groups ог 


any combination. none В may be used as all ле or а! | 
outputs. | | 


DE Port A (PA) 


й Port A can be programmed. as a standard parallel В-Ы ГО... 


© port or, under software control, as a counter І/О Ше ог pos- 3 


-itive and negative edge | detects. 


à Port B (PB) 


2:03 


Port B can be. programmed as an Tre port 


Port С (PC) 


Port С has seven pins and can be programmed as an /О 
port. | 


Ports E, F, and G (PE, PF, & PG) R6500/42 only 


Тһе R6500/42 has all of the above ports A, B, and C, plus s 
. three extra ports (PE, PF, PG). Port E is outputs only. Ports 


F and:G are bidirectional іп апу combination. 


R6541Q e 16500/41, /42, /43 


Host Computer Interface 


The device will work with a variety of Host Computers. The | 


HOST interface consists of a chip select, опе: address line, 


two control lines, and an 8-bit 3-state data bus. Internat logic | 


(controlled by MCR4) configures the address and two control 
lines to either a 6500 or 8080 operational methodology. The 
interface is completely asynchronous and will. work with a 
Host Computer up to a 5 MHz bus transfer rate. The device 
clock input frequency need not be the same as the Host's. 


A mode control register is set to match ns interface to | that 


of the Host device as оок 


Тһе демсе ћаз ап 8- bit Input Data Register (DR) and an 8- 
bit Output Data Register (ODR). The IDR serves as a tem- 
porary storage for commands and data from the. Host to the 
device. | 


Тће ООВ serves as a temporary storage for data from the 


device to the Host. 


A Host Status Flag Register facilitates a software protocol udi 
that permits independent and uninterrupted flow of data | 
о between the Host Computer and the device. | 


Тһе Host Status Flag Register contains eight flag bits that E 


can be read at any time by orner the Host or the device.. 


Н65410 R6500/43 


STATUS | 
REGISTER 


у, 
= РАО-РА7 
(РАО-РЕО) 
& | г (PA2-CNTR) Е 
ма ре РВО-РВ7 


ied ~07, Testam 


64 BYTES ВАМ |] 


e 1.8K ROM Т (до мді, ма дз, 
сокто. nea | ВЕС БС 
ga 


cad DATA [ama DATA 


| ни АЗА, }, Ass. | 


ы MULTIPLEXED OPTION 
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_ One-Chip Intelligent Peripheral Controller 


Counter/Latch Logic 


The device contains a 16- bit counter and a 16- bit latch 
associated with it. The counter can be independently pros 


‘grammed to operate in one of four modes: 


Counter. 


e Pulse width measurement 
e Pulse Generation | 

e Interval Timer 

e Event Counter 


Mode Control Register (MCR) 


The Mode Control Register contains contro! bits for the multi- 
function /О ports, mode select bits for the Counter, and а 
selection bit for the type of Host interface. 


Interrupt Flag Register (IFR) 
and Interrupt Enable Register (IER) 
The device includes an Interrupt Flag Register and an Inter- 


rupt Enable Register which flags and controls О and counter 
status. | 


R6500/41 


CLK CKTS EDGE DET 
INT LOGIC STATUS 
REGISTER 


CLK IN 


Усс 
Vss - E 
EUH РАО-РА? 
| (РАС-РЕО) 
== EN `— 7 (PAT-NED) 
cs | (PA2-CNTR) | 
АО (RS) 
PBO-PB7 
Е (RD) bid аи НАН ree —— (00-07, TRESTATEJ' 
PANI №  PCO-PCE 


~ EMS, RAW, INT)" 
 сомтно пес | | || 16 КО 
 сомтно во | ВЕС КО 
INPUT DATA || OUTPUT DATA 
ВЕС || та | 


PORT E 


#2 


РЕО-РЕ? | | 
Darlington Output Only : 


CL РЕО-РЕ? 


С PORTF 


R6500/42 


* MULTIPLEXED OPTION 


56-2 


_ MEMORY МАР 


NORMAL BUS MODE 
ВО VECTOR - 
'RES VECTOR 


, ROM (1.5K) 


R6500/41 AND R6500/42 


ABBREVIATED BUSMODE . 


-IRQ VECTOR | FF 
. RES VECTOR 


ROM (1.5K) 


RESERVED 


RESERVED 


pur 

p 

a ee е 

2 oc PERIPHERAL = 

= ADDRESSES >. 
Ro __ 4 Uu. 

g | ® | 
Т Те 
007Ғ В 007Е 


| 001 


. 0000 


oe 
т 
т 
т 


R6500/43 
‚ (W/BOOT STRAP ROM) 


< IRO VECTOR | 


16541 4 R6500/43 


 MULTIPLEXED BUS MODE (W/O BOOT STRAP ROM) . 


FFFE FFFE 


IRQ VECTOR 
^. . RES VECTOR · | -ЕРЕС | (ОР ВЕЗЕТ VECTOR) |. БРЕС 
| | FFEA] ММ VECTOR | FFFA 
ВОМ {1.5К) - ге — 
ща. ; ак 
4K USER 
USER PROGRAM PROGRAM 
2000 | | | 2000 |. 
RESERVED NOT AVAILABLE 
1000 DON 
| FF 
ОРЕС | RESETVECTOR | : 
0ЕЕВ | 3 
и | BOOT STRAP. EXTERNAL 
EXTERNAL MEMORY orm | ROM (256) . | MEMORY - 
4096-128 4056 -128 
- мт | | 
— AVAILABLE - 
0100 | : 0080 
_007Е 007F 
_ INTER | INTERNAL > 
INTERNAL RAM (64) db s А ie А 
0040 Ме: _ 0040 Жыны С 
RESERVED RESERVED RESERVED ` 
инат жанын пе Г ^ 00ТЕ | нов 
: МО & REGISTERS : 1/0 8 REGISTERS - 1/0 & REGISTERS 


INTERNAL REGISTERS 


WRITE ADDRESS 

001F 

001E 
0010 


READ 


HBB Status Register HBB Status Register - 


Input Host Bus Buffer - Hos Buffer] 001 
Em жа 0018 
Lower Counter А Lower Latch А 001A 
Lower Counter А# Upper LatchA* # - 0019 
| Upper Counter А Upper Latch A 0018 
Карр: = 0017 
== == ` [ 0016 
АЙ Қы ура 0015 
Mode Control Reg. Mode Control Reg. 0014. 
Interrupt Enable Reg. Interrupt Enable Reg. | 0012. 
Interrupt Flag Reg. - 0011 
Read FF. Зи Cir Interrupt Flag Reg. | 0010 | 
| 000Е 
NOT AVAILABLE 
| 0007 
Hau t 0006 
- МО PORTS Е, F, G | 
а _ wR6500/42 ONLY) | 0004 
| | МОТ АМА! LABLE 0003 
ПО РТС —— 0002 
/0 РОВТ В. T: 
.— VO PORTA 0000. 
*— AND START COUNTER | 


* CLEAR FLAG 


ЄР/ "ср! 17100899 *OLvSOH 


зеподиоо үеләцйпәд зиебнерщ diug-euQ | 


965410 ə А6500/41, /42, /43  Опе-Сһір Intelligent Peripheral Controller 
.KEY REGISTER SUMMARY 


· CPU Registers | Жж” 2 Processor Status Register 
| TO то в 8 4 3 2 1 0 
7 0 | 
—— HN CUN DOO 
7 ET 0 i s 
| INDEX REGISTRY у | | CARRY (C) 0) 
| 7-4. 2 | 0 1 = Carry Set 
EO ух ____ INDEX REGISTER X х 0 = Carry Clear 
i | 7 = 0 | | Zero (2) (1) 
PROGRAM COUNTER PC ` | | | 
7—7 9 | : i | 1 = Zero Result 


| | `0 = Non-Zero Result 


INTERRUPT DISABLE (1) (2) 


| 0 Е : 2 
м|у| [в [o]: [2 [0] processor starus ree Р | | | 1 = IRQ Interrupt Disabled 


= IRQ Interrupt Enabled 


DECIMAL MODE (D) (1) 
1 = Decimal Mode 
0 = Binary Mode 


| : | : BREAK COMMAND (B) (1) 
Mode Control Register | 6 1 = Вгеак Соттапа 
; 0 = Non-Break Command 
OVERFLOW (V) (1) 


1 = Overflow Set 
0 = Overflow Clear 


ADDR 0014 


“маны. шщ 


МЕСАТІМЕ (М) (1) 
МОТЕ5 


р à (1) Not initialized by RES 1 = Negative Value 
COUNTER . (2) Set to Logic 1 by RES 0 = Positive Value 
SELECT MODE . : 
BUS MODE 
SELECT | 
NOT USED . 0 0 INTERVAL TIMER 
0 1 PULSE GENERATOR 
| | 1 0 EVENT COUNTER | 
BUS SELECT 1 1 PULSE WIDTH MEASUREMENT я : 
0 - 6500/6800 BUS Interrupt Enable and Flag Registers 
1 -.280/8080 BUS ; : | | | 
“INT SELECT 
0 = PCE. | IER 7 1 ADDR 0012 
1 = INT 
0 0 PORTB ALL INPUTS 
0 1 PORTBALLOUTPUTS . 
Q1 0 ABBREVIATED'BUS MODE 
1 1 


MULTIPLEXED BUS MODE 


IFR ADDR 0011 


Host Status Flag Register 


РАО POSITIVE 

EDGE DETECT 
ADDR 001Е INTERRUPT ENABLE 
PA1 NEGATIVE 
EDGE DETECT 
INTERRUPT ENABLE 


INTERNAL INTERRUPT 
REQUEST INTERRUPT ENABLE 


EXTERNAL INTERRUPTS REQUEST 1, 


INT-1 ENABLE 
INPUT DATA REGISTER | | 
FULL FLAG EXTERNAL INTERRUPT REQUEST 2, 
INT-2 ENABLE 
COUNTER UNDERFLOW 
INTERRUPT ENABLE 
OUTPUT DATA REGISTER | я 
FULL FLAG. | ; ; 
^ | Host Addressing Matrix 
WRITE 
COPIES RS ON 
WRITE FROM HOST | | 
"HOST . COMMAND 


| INPUT 


DATA REG 
OUTPUT 


STATUS FLAG 


DATA REG 
INPUT 


GENERAL PURPOSE 
FLAGS STATUS REGISTER 
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_ R6541Q ө R6500/41, /42, /43. 


~ Опе-стр Intelligent Peripheral Controller 


0,310 MAX 
(7.87 MM) - 


0.190 MAX 
0.100 MIN 


(4.82 MM) ( 
: | (2:54 мм) 
DOT OR NOTCH 0.155 MAX ЖЕН ШЕ 

TO LOCATE (3.93 MM) м. 0.010 MIN 

из PIN NO. 1 i56 Wa 

Interface Diagram | | 2 ( ) 
(48.51 ММ) 
(48.00 ММ) 


2.050 МАХ 


51.30 MM) _ 
) | 19 ЕОЏА!. БРАСЕ5 


0.100 < TOL NONCUM. 
(2.54 ММ) 


ТУР. ТҮР. 


0.500 МАХ 
(15.24 ММ) (1.65 ММ) 0.065 (0.55 ММ) 0.022 
| (0.45 ММ) 0.018 


(1.01 ММ) 0.040 
0.600 ТУР 
(15.87 ММ) 
40 РМ DIP 


FIGURE 2-3. R6500/41 Dimensional Outline 


FIGURE 2-2. R6500/41 Pin Out Designation 
(40 PIN DIP) 


10 MAX 
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R6541Q Н6500/41, /42, /43 _______ Опе-стр Intelligent Peripheral Controller 


Interface Diagram 


OSN AN awry — 
oP ONTO awh 


R6541Q 
& 
R6500/43 


R6500/42 


FIGURE 2-4. 865410, R6500/42 & R6500/43 Pin Out Designations 
P (64 PIN QUIP) | | or 


1:50 


(3.81 ММ). 
A e 
Em 
020 TYP 
(.508 MM) 
1.628 
(41.35 MM) 
= 
© 
с 
> 
г- 
o 
"9 
» 
e 
О. 
o 
.050 REF A A 
680 (1.27 ММ) А 
++—— (17.27 MM) ТУР | 
925 — 
74--------- (23.495 ММ) 
750 
: (19.05 MM) - | 
О pe ep we 
(5.08 MM) 
! Й t 
Е t € 


64 PIN QUIP 


FIGURE 2-5. 64 PIN QUIP Dimensional Outline 
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R6541Q e R6500/41, /42, /43 One-Chip Intelligent Peripheral Controller 


ELECTRICAL SPECIFICATIONS 


Maximum ни 


не "= сине глина пиана 
“ас” 
Commerciai 


Storage Temperature Range 
This device contains circuitry to protect the inputs-against damage due to high static voltages, however, it is advised that normal precautions .. > 
be taken to avoid application of any voltage higher than maximum rated voltages to this circuit. 


D.C. Characteristics (Усс = 5V + 5%; Vss = 0) 


CHARACTERISTIC ` | 'SYMBOL | МАХ UNITS 


Power Dissipation (Outputs High) | туу 
Commercial 0°С to +70°C | г = | ; 

Input High Voltage (Normal Operating Levels) ПЕТИНЕ | cue d Мес Vdc 

Input Low Voltage (Normal Operating Levels) Lx ЕЗИ БЕРЕН -0.8 Vdc 


| Input Leakage Current +10.0 'uAdc 
. Ма = 010 5.25 Мас | ; 


Input ом Current -1.6 тАсіс 
(Ма = 0.4 Мас). 

Output High Voltage Vou +2.4 — Мес : Мас 
(Мес = min, l4 = - 100 „Адс) | | 

шышы шы 

Output High Voltage | "Venos Veo - 30% -- Мес Мас 
(Vec = min) | | 

Output Low Voltage | Vor = -- +0.4 Мас 
(Vec = min, |44 = 1.6 mAdc) EE i 

Output High Current (Sourcing) | Мен — ` BAC . 
(Мон = 2.4 Vdc) | | 

Output Low Current (Sinking) | lot == mAdc 
(Vo. = 0.4 Мас) : 


Darlington Current Drive, PE* lox E mAdc | 
(Мон = 1.5 Мас) 

Output Low Current, PE* lor -- ‚ mAdc 
(Vo. = 0.4 Мас) | 


Input Capacitance 

(Ма - 0, Т, = 25°C, = 1.0 MHz) 
PA, PB, PC, PF", РС" 
Output Capacitance 
(Vin ~ 0, Т, = 25°C, f 


НО Port Resistance 
РАО-РА7, PCO-PC6 
РЕО-РЕ7, PGO-PG7 


= 1.0 MHz) 


NOTE: Negative sign indicates outward current flow, positive indicates inward flow. Усс = 5V + 5%. "R6500/42 only. 
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R6545-1 


R6545-1 


CRT CONTROLLER (CRTC) 


Rockwell 


DESCRIPTION ге 4 
. The R6545-1 CRT Controller (CRTC) interfaces ап 8-bit micro- 


processor to CRT raster scan video displays, and adds ап. 
advanced CRT controller to the established and expanding line 


of R6500, R6500/* and R65CO00 microprocessor, microcom- 
puter and peripheral device products. 


The R6545-1 provides refresh memory addresses and char- 
acter generator row addresses whichrallow up to 16K characters 
with 32 scan lines per character to be addressed. A major 
advantage of the R6545-1 is that the refresh memory may be 
addressed in either straight binary or by row/column. 


Other functions in the R6545-1 include an internal cursor reg- 
ister which generates a cursor output when its contents are 
equal to the current refresh address. Programmable cursor start 
and end registers allow a cursor of up to the full character scan 


in height to be placed оп any scan lines of the character. Vari- - 


able cursor display blink rates are provided. A light pen strobe 
input allows capture of the current refresh address in an internal 
light pen register. The refresh address lines are configured to 
provide direct dynamic memory refresh. 


All timing for the video refresh memory signals is derived from 
the character clock input. Shift register, latch, and multiplex con- 
trol signals (when needed) are provided by external high-speed 
timing. The mode control register allows noninterlaced video 
display modes at 50 or 60 Hz refresh rate. The internal status 
register may be used to monitor the R6545-1 operation. The 
RES input allows the CRTC-generated field rate to be dynam- 
ically-synchronized with line frequency jitter. 


ORDERING INFORMATION 


· Part Number: R6545-1_ _ _ 
| L Operating Temperature (T, to Ty) 
No letter = 0°С to 70°С 
Е = —40°С to 85°С 


Package 
P = Plastic 
С = Ceramic 


Operating Frequency 
No Letter = 1 MHz 
A-2MHz 


FEATURES 


Compatible with 8-bit microprocessors 

Up to 2.5 MHz character clock operation 

e Refresh RAM may be configured in row/column or straight 
binary addressing 

Alphanumeric and limited graphics capability 

Up and down scrolling by page, line, or character 
Programmable Vertical Sync Width 

Fully programmable display (rows, columns, character matrix) 


Video Display RAM may be configured as part of micropro- 
cessor memory field or independently slaved to R6545-1 
(Transparent Addressing) 


Non-interlaced scan 
- 50/60 Hz operation 
Fully programmable cursor 
Light pen register 
Addresses refresh RAM to 16K characters 
No external DMA required 
Internal status register 
40-Pin ceramic or plastic DIP 
Pin-compatible with MC6845 
Single +5 +5% Volt Power Supply 


vss 
RES 

LPEN 

ССО/МА0 
CC1/MA1 
CC2/MA2 
CC3/MA3 
CC4/MA4 
CC5/MA5 
CC6/MA6 
CC7/MA7 

‚ CRO/MAB 
СН1/МА9 
СН2/МА10 
CR3/MA11 
CR4/MA12 
CR5/MA 13 
DISPLAY ENABLE 
CURSOR 

усс 
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R6545-1 Pin Configuration 


Document No. 29000D67 


Data Sheet Order No. D67 
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 R6545-1 


.CRT Controller (CRTC) 


INTERFACE SIGNAL DESCRIPTION 


Figure 1 illustrates the interface between the CPU, the R6545- 1, 
and the video circuitry. Figure 2 shows typical timing waveforms 
at the video interface. | 


CPU I/F | ел VIDEO I/F 0 


HSYNC 
'VSYNC 
DISPLAY ENABLE 


MAO-MA13  RAO-RA4 
REFRESH RAM AND CHARACTER ROM 


Figure 1. R6545-1 Interface Diagram 


CPU INTERFACE 


02 (Phase 2 Clock) 


The Phase 2 (02) input clock triggers all data transfers between 
the system processor (CPU) and the R6545-1. Since there is 
no maximum limit to the allowable 42 clock time, it is not nec- 
.essary for it to be a continuous clock. This capability permits 
the R6545-1 to be easily interfaced to non-6500 compatible 
‘microprocessors. 


| RW (Read/Write) 


The R/W input signal generated by the processor controls the 
direction of data transfers. A high on the R/W pin allows the 
processor to read the data supplied by the R6545-1, a low on 
the R/W pin allows data on data lines 00-07 to be written into 
the R6545-1. | 


CS (Chip Select) 


The Chip Select input is normally connected to the processor · 


address bus either directly or through a decoder. The R6545-1 
is selected when CS is low. 


RS (Register Select) 


| The Register Select input accesses internal ТҮЗГЕН А low on 
this pin permits writes (R/W = low) into the. Address Register 
and reads (R/W - high) from the Status Register. The contents 
of the Address Register is the identity of the register accessed 
when RS is high. 


00-07 (Data Bus) 


The eight data lines (DO-D7) transfer data between the pro- 
cessor and the R6545-1. These lines are bidirectional and are 
normally high- impedence except during read cycles when the 
. chip is selected (CS = low). 


VIDEO INTERFACE 


HSYNC (Horizontal Sync) 


The HSYNC active-high output signal determines the horizontal 
position of displayed text. It may drive a CRT monitor directly 
or may be used for composite video generation. HSYNC time 
position and width are fully programmable. 


VSYNC (Vertical Sync) 


The VSYNC active-high output signal determines the vertical 
position of displayed: text. Like HSYNC, VSYNC may drive a 
CRT monitor or composite video generation circuits. VSYNC 
time position and width are both programmable. | 


DISPLAY ENABLE (Display Enable) 
The DISPLAY ENABLE active-high output signal indicates when 


the R6545-1 is generating active display information. The number 


of horizontal display characters per row and the number of ver- 
tical display rows are both fully programmable and together gen- 
erate the DISPLAY ENABLE signal. DISPLAY ENABLE delays 
one character time by setting bit 4 of R8 to a 1. 


CURSOR (Cursor Coincidence) 
The CURSOR active-high output signal indicates when the scan 


coincides with the programmed cursor position. The cursor 


position is programmable to any character in the address field. 
Furthermore, within the character, the cursor may be pro- 
grammed to be any block of scan lines, since the start scan line 
and the end scan line are both programmable. The cursor 
position may be delayed by one character time by setting Bit 5 - 


о R8 toa 1. 


LPEN (Light Pen Strobe) 


The LPEN edge-sensitive input signal loads the internal Light 
Pen Register with the contents of the Refresh Scan Counter at 
the time the active edge occurs. The low-to-high transition 
activates LPEN. 


CCLK (Clock) 


The CCLK character timing clock input signal is the time базе 
for all internal count/control functions. 


RES 


. The RES active-low input signal initializes all internal scan 
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counter circuits. When RES is low, all internal counters stop and 

clear all scan and video outputs go low with no affect on control 

registers. RES must stay low for at least one CCLK period. All 

scan timing initiates when RES goes high. In this way, RES RES can 

synchronize display frame timing with line frequency. RES may 

also synchronize multiple CRTC's in horizontal and/or vertical 
split screen ir 


Н6545-1 


"САТ Controller (CRTC) 


REFRESH RAM AND CHARACTER вом. 
ІМТЕНҒАСЕ 


MAO-MA13 (Refresh RAM Address Lines): 


These 14 active-high output signals address the Refresh RAM 
for character storage and display operations. The fully program- 
. mable starting scan address and ending scan address deter- 
mines the total number of characters displayed, in terms of 


^' сћагасјегу/ те and lines/frame. 


There are two selectable address modes for MAO-MA13: | 


In the straight binary mode (R8, Mode Control, bit 2 — 0), char- 
acters are stored in successive memory locations. Thus, the 
software design. must translate row and column. character 
coordinates into sequentially-numbered addresses. In the row/ 
column mode (R8, Mode Control, bit 2 = 1), МАО-МА7 become 

column addresses ССО-СС7 and MA8-MA13 become row 
addresses CRO-CR65. In this case, the software manipulates 


charactérs in terms of row and column locations, but additional 


address compression circuits are needed to convert the CCO- 


CC7 and CRO-CR5 ваш то а memory- -efficient binary | 


и scheme. 


_ RAO-RA4 (Raster Address Lines) 


These five active-high output signals select each raster scan 
within an individual character row. The number of raster scan 
lines is programmable and determines the character height, 
including spaces between character rows. 


The high-order line, RA4, is unique in that it can also function 


as a strobe output pin when the R6545-1 is programmed to 
operate in the. “Transparent Address Mode.” In this case the 
strobe is an active-high output and is true atthe time the Refresh 
RAM update address gates.on to the address lines, MAO- МА13. 
In this way, updates апа readouts of the Video Display RAM. 
can be made under control of the А6545- 1 with only a па! 
amount of external circuitry. 


1 COMPLETE FIELD (VERTICAL TOTAL) 


VERTICAL DISPLAYED 


DISPLAY 
ENABLE 


| HSYNC 


VSYNC RE 


мона KX у A AX у ЛАЛА ЛАД A ACA ХА ) 


1 COMPLETE SCAN LINE (HORIZONTAL TOTAL) 


HORIZONTAL DISPLAYED | 


CCLK 


HSYNC 


| | | 


DISPLAY | | E | 2 
ENABLE | | ! | | 


ШІ Qpococeooooonoond 095005 


RAO-RA4 


Figure 2. Vertical and Horizontal Timing 


96545-1 


INTERNAL REGISTER DESCRIPTION 


Table 1 summarizes the internal registers and indicates their 
address selection and read/write capabilities. | 


ADDRESS REGISTER 


This 5-bit write-only register is used as a "pointer" to direct 
CRTC/CPU data transfers within the CRTC. It contains the 
number of the desired register (0-31). With CS and RS low, this 
register may be loaded; with CS low and RS high, the selected 
register is the one whose identity is stored in this address 
register. 


CRT Controller (CRTC) 
STATUS REGISTER (SR) | Е 


This 8-bit register contains the status of the CRTC. Only three 
bits are assigned, as follows: ME 


SR 
7 UR —Update Ready | 
70 This bit goes to 0 when register R31 has been either № 
read or written by the CPU. | | 
1 This bit goes to 1 when an Update strobe occurs. 
SR 


‚6 LRF —LPEN Register Full | У ЈЕ 
0 Register R16 or R17 has been read Бу the CPU. 
1 LPEN strobe has been réceived. 


5 УВЕ — Vertical Re-Trace | 
о Scan is not currently in the vertical re-trace time. 

1 Scan currently in its vertical re-trace time. Note that 
this bit actually goes to a 1 when vertical re-trace 
starts, but goes to a 0 five character clock times 
before vertical re-trace ends to ensure that critical tim- 
ings for refresh RAM operations are avoided. 


4-0 —Not used. 


Table 1. Internal Register Summary 


| Stored Info. 


| Reg. No. 


'. Register Bit 
| | 6 |> ЕЯ | з ЕЛЕЕ 


# Спас 
Horiz. Displayed # Charac. 
Horiz. Sync Position # Charac. . 


VSYNC, HSYNC Widths | # Scan Lines and 
# Char. Times 
Vert. Тога! —1 # Charac. Row 


ert. Total Adjust # Scan Lines 
# Charac. Row 
# Charac. Rows 


= 


RSS 55% 5255 Es : 
- Em ха 5557 : % 50 256 


а. 


Vert. Displayed 
ert. Sync Position 
ode Control 

Scan Lines -1 


' 


Lines 
Scan Line No. 
Scan Line No. 


ursor Start 


-— 
— 


Cver Оран | 
EITEN 


R17 


pr 
ебе и: 


Notes: [e] Designates used bit in register — . 


Em Designates unused bit in register. Reading this bit is always 0, except for R31, which does 
not drive the.data bus at all, and for CS — 1 which operates likewise. 


D : 22 
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R6545-1 


CRT Controller (CRTC) 


RO—HORIZONTAL TOTAL CHARACTE RS 


к ЕГИ И [рү 


This 8- bit write-only register contains the total of displayed and 
non-displayed characters, minus one, per horizontal line. This 


ан | register determines the frequency of HSYNC. 


| R1—HORIZONTAL DISPLAYED CHARACTERS 


пе Бер Баре ИСЛ ВСИ бо 


This 8-bit write-only register contains the number of displayed 
characters per horizontal line. 


R2—HORIZONTAL SYNC POSITION 


HORIZONTAL SYNC POSITION 


This 8-bit write-only register contains the position of HSYNC on 
the horizontal line, in terms of the character location number on. 
the line. The position of the HSYNC determines the left to right 
location of the displayed text on the video screen. In this way, 
the side margins are adjusted. 


R3—HORIZONTAL AND VERTICAL SYNC WIDTHS 


This 8-bit write-only register contains the widths of both HSYNC 
and VSYNC, as follows: 


. HVSW 
7-4  VSYNC Pulse Width 2 
The width of the vertical sync pulse (VSYNC) in the 
number of scan lines. When bits 4-7 are all 0, VSYNC . 


is 16 scan lines wide. 


HVSW 
3-0 Н5УМС Pulse Width 
The width of the horizontal sync pulse (HSYNC) in 


the number of character clock times (CCLK). 


Control of these parameters allows the R6545-1 to interface with 
a variety of CRT monitors, since the HSYNC and VSYNC timing 
signals may be accommodated without the use of external one 
shot timing. 


R4— VERTICAL TOTAL ROWS 


л у т» 
[= [no oF char нов E 


Тһе 7-bit Vertical Total Register contains the total number of 
character rows in a frame, minus one. This register, along with 
R5, determines the overall frame rate, which should be close 
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to the line frequency to ensure flicker-free appearance. If the 
frame time is adjusted to be longer than Ше: period of the line 
frequency, then RÉS may provide absolute synchronism. 


R5— VERTICAL TOTAL LINE ADJUST - 


ге | «= [3 Га [то | 
и С ЕСЕ 


SCAN LINES | 


The 5-bit write-only Vertical Total Line Adjust Register (R5) con- 
tains the number of additional scan lines needed to complete 
an entire frame scan and is intended as a fine adjustment for 
the video frame time. 


R6—VERT ICAL DISPLAYED ROWS 


Oo- | DISPLAYED CHAR. ROWS 


This 7-bit write-only register contains the number of displayed 
character rows in each frame. This determines the vertical size 
of the displayed text. | 


R7 — VERTICAL SYNC POSITION 


| | VERTICAL POSITION р 


This 7-bit write-only register selects the character row time at 
which the vertical SYNC pulse is desired to occur and, thus, 
positions the displayed text in the vertical direction. 


R8—MODE CONTROL (MC) 


This 8-bit write-only register selects the operating modes of the 
R6545-1, as follows: 


MC 
а UM(T) —Update/Read Mode (Transparent Mode) 
0 Update occurs during horizontal and vertical blanking 
times with update strobe. 
1. . Update interleaves during £2 portion of cycle. 
MC T | | 
6 US(T) —Update Strobe (Transparent Mode). 
0 Pin 34 functions as memory address. 
1 Pin 34 functions as update strobe. 
MC | 
5 CSK —Сигзог Skew 
O No delay 
1 Delays Cursor one character time. 
MC ' | 
4 DES -—Display Enable Skew 
0 No delay 
1 


Display Enable delays one character time. 


R6545-1  J  . 


~ CRT Controller (CRTC) 


MC |. CT | 
23 RRA -—-Refresh RAM Access 
0. Shared memory access 
1 Transparent memory access 
MC | TELE 
2 ВАО --Неіевһ RAM Addressing Mode 
0 Straight binary addressing 
1 Row/column addressing 
MC | | 
d —Not Used—don't саге 
MC | | | 
0 — Not Used—must be а 0. 


R9—ROW SCAN LINES - | | 
ЕЯ eg ee Е ВЕ ЕВ ВЕН 
This 5-bit write-only register contains the number of scan lines, 
minus one, per character row, including spacing. 


R10—CURSOR START LINE 


R11—CURSOR END LINE 


a | END SCAN LINE | 


These 5-bit write-only registers select the starting and ending 
scan lines for the. cursor. In addition, bits 5 and 6 of R10 are 
used to select the cursor blink mode, as follows: 


| Cursor Operating Mode 


Display Cursor Continuously 


Blank Cursor | 
Blink Cursor at 1/16 Field Rate 
. Blink Cursor at 1/32 Field Rate 


A one character wide cursor can be controlled by storing values 
into the Cursor Start Line (R10) and Cursor End Line (R11) reg- 
isters and into the Cursor Position Address High (R14) and 
Cursor Position Low (R15) registers. | | 


R12—DISPLAY START ADDRESS HIGH 


ЕЛ ЕЕЕ ЕЛ ЕСЕЛІ ЕСЕН 
| = | = | DISPLAY START ADDRESS HIGH — | 


R13—DISPLAY START ADDRESS LOW 


Celebs es) eer 
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These registers form a 14-bit register whose contents is the 
memory address of the first character of the displayed scan (the 
character on the top left of the video display, as in Figure 1). 
Subsequent memory addresses are generated by the R6545-1 
as a result of CCLK input pulses. Scrolling of the display is 
accomplished by changing R12 and R13 to the memory address 
associated with the first character of the desired line of text to 
be displayed first. Entire pages of text may be scrolled or 
changed as well via R12 and R13. др" | 


R14—CURSOR POSITION HIGH 


R15—CURSOR POSITION LOW 


| 7 | « | 5 | | за |" ] 0 | 
These registers form а 14-bit register whose contents is the 
memory address of the current cursor position. When the video 
display scan counter (MA lines) matches the contents of this reg- 
ister, and when the scan line counter (RA lines) falls within the 
bounds set by R10 and R11, then the CURSOR output becomes 
active. Bit 5 of the Mode Control Register (RB) тау be used to 
delay the CURSOR output by a full CCLK time to accommodate 
slow access memories. 


A cursor of up to 32 characters in height can be displayed on 
and between the scan lines as loaded into the Cursor Start Line 
(R10) and Cursor End Line (R11) Registers. 


The cursor is positioned on the screen by loading the Cursor 
Position Address High (R14) and Cursor Position Address Low 
(R15) registers with the desired refresh RAM address. The: 
cursor can be positioned in any of the 16K character positions. 
Hardware paging and data scrolling is thus allowed without loss 
of cursor position. Figure 3 is an example of the display cursor 
scan line. | Pi 
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CURSOR START 
LINE = 1 | 


. CURSOR END 
LINE = 9 


CURSOR START 
LINE-9 00 
CURSOR END _ 
LINE = 9 


CURSOR START 
LINE = 1 


CURSOR END 
LINE < 1. 


Figure 3. Cursor Display Scan Line Control Examples 
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CRT Controller (CRTC) 


R16—LIGHT PEN HIGH 


LPEN HIGH 


R17—LIGHT PEN LOW 


These registers form a 14-bit register whose contents is the light 
pen strobe position, in terms of the video display address at 
which the strobe occurred. When the LPEN input changes from 
low to high, then, on the next negative-going edge of CCLK, the 


contents of the internal scan counter is stored in registers R16 
and R17. | 


R18—UPDATE ADDRESS HIGH 


These registers together comprise a 14-bit register whose con- 
tents is the memory address at which the next read or update 
will occur (for transparent address mode, only). Whenever a 
read/update occurs, the update location automatically incre- 
ments to allow for fast updates or readouts of consecutive char- 
acter locations. This is described elsewhere in this document. 
The section on REFRESH RAM ADDRESSING describes this 
more fully. 


R31—DUMMY LOCATION 


This register does not store any data, but is required to detect 
when transparent addressing updates occur. This is necessary 
to increment the Update Address Register and to set the Update 
Ready bit in the status register. : 


REGISTER FORMATS | 


Register pairs R12/R13, R14/R15, R1 6/R17, and В18/в19 аге 
formatted in one of two ways: 


(1) Straight binary, if register R8, bit 2 — ~ | 

(2) Row/Column, if register R8, bit 2 = 1. In this case the low 
byte is the Character Column and A high byte is the Char- 
acter Row. 


. NUMBER OF HORIZONTAL TOTAL CHARACTERS (RO) 


NUMBER OF HORIZONTAL DISPLAYED CHARACTERS (R1) 


DISPLAY START ADDRESS HIGH (R12)* 
E d DISPLAY START ADDRESS LOW (R13)* 


жым. 


NUMBER ОҒ 
VERTICAL 
DISPLAY 
ROWS 

(R6) 


NUMBER OF 
VERTICAL 
TOTAL 


ROWS . PEL 22 DISPLAY PERIOD 


(84) ooo 


| NUMBER OF 
SCAN LINES (R9) 

- CURSOR START LINE (R10) 
CURSOR END LINE (R11) 


CURSOR POSITION ADDRESS HIGH (R14) 
CURSOR POSITION ADDRESS LOW (R15) | 


HORIZONTAL 
RETRACE 
PERIOD 
(NON-DISPLAY) | 


VERTICAL RETRACE PERIOD 
(NON-DISPLAY) 


VERTICAL 
TOTAL 
ADJUST (R5) 4 


Figure 4. Video Display Format 


2-106 


6545-1 - | 


| CRT Controller (CRTC) 


DESCRIPT ION ОЕ OPERATION 


| VIDEO DISPLAY 


Figure 4 indicates the relationship of the various program reg- 
isters in the Деси апа the resultant video display. | 


Non-displayed areas of the Video Display are for horizontal and 
vertical retrace functions of the CRT monitor. The horizontal and 
vertical sync signals, HSYNC and VSYNC, are programmed to 
occur during these intervals and trigger the retrace in the CRT 
- monitor. The pulse widths are constrained by the monitor 
requirements. The time position of the pulses may be adjusted 
to vary the display margins (left, right, ор, апа bottom). | 


REFRESH RAM ADDRESSING - 
195 are two modes of addressing for the video о memory: 


 R6545-1 


CRT CONTROLLER 


` MAO-MA13 


ADDRESS 
ONTENTIO 
CONTROL 


CHARACTER 
` DATA 


_ CHARACTER 
DATA 


Shared Memory Mode (А8, БІТ 3= 0) 


In this mode, the Refresh RAM address lines (MAO-MA13) 
directly reflect the contents of the internal refresh scan character 
counter. Multiplex control, to permit addressing and selection of 
the RAM by both the CPU and the CRTC, must be provided 
external to the CRTC. In the Row/Column. address mode, lines 
MAO-MA7 become character column addresses (СС0-СС7) and 
МА8-МА13 become character row. addresses (CRO-CR5). Figure: 
5 illustrates the system configuration. 


Transparent Memory Addressing 


For this mode, the display RAM is not directly accessible by the 
CPU, but is controlled entirely by the R6545-1. А! CPU accesses 
are made via the R6545-1 and a small amount of external cir- 
cuits: Figure 6 shows the system configuration for this approach. 


DISPLAY ENABLE 


CIRCUITS 


му 


. CRT CONTROLLER 


MAO-MA13 


RAO-RA3 


че SCAN LINE 
ADDRESS С D COUNT 


CHARACTER 
DATA 


Figure 6. Transparent Memory Addressing System Configuration 
(Data Hold Latch Needed for Horizontal/Vertical Blanking Updates, Only). 
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САТ Controller (CRTC) 


ADDRESSING MODES 


Figure 7 illustrates the address зечнепсе for both modes of the 
Refresh RAM address. 


| Row/Column 


In this mode, the CRTC address lines (МАО- -МА13) депегаје а5 
8 column (MAO-MA7) and 6 row (МА8-МА13) addresses. Extra 
. hardware is needed to compress this addressing into a straight 


` binary sequence in order to conserve memory in the refresh. 


RAM (register R8, bit 2 is a 1). 


Binary 


In this mode, the CRTC address lines are straight binary and 
no compression circuits are needed. However, software com- 
plexity increases since the CRT characters cannot be stored in 
terms of their row and column locations, but must be sequential 
а R8, bit 2 is a 2 


USE OF DYNAMIC RAM FOR REFRESH MEMORY 


The R6545-1 permits use of dynamic RAMS as storage devices | 


for the Refresh RAM by continuing to increment memory 


addresses іп the non-display intervals of the ‘scan. This is а. 


TOTAL = 90 


ЕЛЕЛЕЛЕЗ 
| 


157 | 158 
237 | 238 


34 


TOTAL 


1 
1 


112642 


EE 
Pee ee ene ee ра 


STRAIGHT BINARY ADDRESSING SEQUENCE | 


viable technique, since the Display Enable signal controls the 
actual video display blanking. Figure 7 illustrates Refresh RAM 
addressing for both row/column and binary addressing for 80 
columns and 24 rows with 10 non-displayed columns and 10 
non-displayed rows, | | 


Note that the straight-binary mode has the advantage that all 
display memory addresses are stored in a continuous memory 
block, starting with address 0 and ending at 1919. The disad- 
vantage with this method is that, if it is desired to change. a dis- 
played character location, the row and column identity of the 
location must be converted to its binary address before Ше. 
memory may be written. The row/column mode, on the other. 
hand, does not need to undergo this conversion. However, 

memory is not used as efficiently, since the memory addresses 
are not.continuous, gaps exist. This requires that the system be 
equipped with more memory than actually used and this extra 
memory is wasted. Alternatively, address compression logic 
may be employed to translate the row/column format into a con- 
tinuous address block. 


The user selects whichever mode is best for the given appli- 
cation. The trade-offs between the modes are software versus. 
hardware. Straight-binary mode minimizes hardware require- 
ments and row/column minimizes software requirements. | 


peus i TOTAL = 90 
poene DISPLAY = 80 


| COLUMN ADDRESS (МАО-МАТ) 
y 12 77 78 min 81 „! 
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ROW/COLUMN ADDRESSING SEQUENCE 
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Figure 7. Display Address Sequences (with Start Address =0) for 80 x 24 Example 
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R6545-1 . 


MEMORY CONTENTION SCHEMES FOR 
SHARED MEMORY ADDRESSING 


From the diagram of Figure 5, it is clear that both the R6545-1 
and the system CPU must address the video display memory. 
The R6545-1 repetitively fetches character information to gen- 
erate the video signals in order to keep the screen display 
active. The CPU occasionally accesses the memory to change 
the displayed information or to read out current data characters. 
Three ways of resolving this dual-contention requirement are 
apparent: | 


e CPU Priority 


In this technique, the address lines to the video display 
memory are normally driven by the R6545-1 unless the CPU 
needs access, in which case the CPU addresses immediately 
override those from the R6545-1 giving the CPU immediate 
access. | 


e ф1/ф2 Memory Interleaving 


This method permits both the R6545-1 and the CPU access 
to the video display memory by time-sharing via the system 
$1 and $2 clocks. During the $1 portion of each cycle (the 
time when ф2 is low), the R6545-1 address outputs are gated 
to the video display memory. In the $2 time, the CPU address 
lines are switched in. In this way, both the R6545-1 and the 
CPU have unimpeded access to the memory. Figure 8 illus- 
trates the timings. 


CPU CYCLE CPU CYCLE 


VIDEO 


DISPLAY R6545-1 CPU R6545-1 
MEMORY MAO-MA13 ADDRESS MAO-MA13 
ADDRESSES 


Figure 8. 51/22 Interleaving 


e Vertical Blanking 


With this approach, the address circuitry is identical to the 
case for CPU Priority updates. The only difference is that the 
Vertical Retrace status bit (bit 5 of the Status Register) is 
used by the CPU so that access to the video display memory 
is only made during vertical blanking time (when bit 5 is a 1). 
In this way, no visible screen perturbations result. See Figure 
10 for details. 


. CRT Controller (CRTC) 


TRANSPARENT MEMORY ADDRESSING 


In this mode of operation, the video display memory address 
lines are not switched by contention circuits, but are generated 
by the R6545-1. In effect, the contention is handled by the 
R6545-1. As a result, the schemes for accomplishing CPU 
memory access are different: 


e 91/92 interleaving _ 


This mode is similar to the Interleave mode used with shared 
memory. In this case, however, the $2 address is generated 
· from the Update Address Register (R18 and R19) in the 
R6545-1. Thus, the CPU must first load the address to be 
accessed into R18/R19 and then this address is always gated 
onto the MA lines during $2. Figure 9 shows the timing. 


-——— CPU CYCLE CPU CYCLE 


фг 
CLOCK 


DISPLAY МУ UPDATE DISPLAY UPDATE 
МАО-МА13 ADDR ADDR - ADDR ADDR 


Figure 9. 91/02 Transparent Interleaving 


e Horizontal/Vertical Blanking: 


In this mode, the CPU loads the Update Address, but is only 
gated onto the MA lines during horizontal or vertical blank 
times, so memory accesses do not interfere with the display 
appearance. To signai when the update address is on the MA 
lines, an update strobe (STB) is provided as an alternate 
function of pin 34. Data hold latches are necessary to tem- 
porarily retain the character to be stored until the retrace time 
occurs. In this way, the system CPU is not halted waiting for 
the blanking time to arrive. Figure 11 illustrates the address 
and strobe timing for this mode. 


CURSOR AND DISPLAY ENABLE SKEW CONTROL 


Bits 4 and 5 of the Mode Control register (R8) are used to delay 
the Display Enable and Cursor outputs, respectively. Figure 12 
illustrates the effect of the delays. | 


R6545-1 ie | CRT Controller (CRTC) 


FRAME 


VERTICAL DISPLAYED 


ч----------------------------------------і- 


| МЕВПСА. 
BLANKING 


DISPLAY 
ENABLE 


VERTICAL 
BLANKING 
STATUS 
BIT secus | E 
(STATUS | . "Q" = DISPLAY ACTIVE 
REGISTER | — 

BIT 5) 


| "1" = VERTICAL 
SWITCHES STATE AT BLANKING 
END OF LAST DISPLAYED ACTIVE 
SCAN LINE. | 


Figure 10. Operation of Vertical Blanking Status Big 
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DISPLAY 


DISPLAY 
NON-DISPLAY 


ENABLE 
| | CRT DISPLAY 
ADDRESSES | 


ваша um QUOC 


| 
| | 
| 


CRT DISPLAY ADDRESSES 


| 
| 
| 
| 
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Figure 11. Retrace Update Timing 


(WITH DELAY) | | 


DISPLAY (NO DELAY) | | 


ENABLE 
POSITIVE 


EDGE 
(WITH DELAY) | 


(NO DELAY) 


DISPLAY 
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NEGATIVE 
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Figure 12. Cursor and Display Enable Skew 
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| : 5 | САН Address Hold Time 


965451 - | . CRT Controller (CRTC) 


WRITE TIMING CHARACTERISTICS Ves 5.0V + 5%, T4 = T, to Ty, unless otherwise noted) 


Symbol | Characteristic 


Cycle Time 
tc | $2 Pulse Width 


p bas Address Set-Up Time 180 | 


A 
> 
о 


с 
о 


twcw 7 АМУ Set-Up Time | quee 
| ~ R/W Hold Time | 
Data Bus Set-Up Time: 
ae Data Bus Hold Time 


(ta and ір = 10 to 30 ns) | 


tcwH c 


Срем“. - 


та 
"Qo 
e 


| 10 


READ TIMING CHARACTE RISTICS (Усс = 5.0V + 5%, Та = T, to Ty, unless otherwise noted) ` 
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| Symbol _ Е Characteristic 


^; Cycle Time 


_ фа Pulse Width ^. | | 
- ‘Address Set-Up Time Алы қақ * 

. Address Hold Time | | МИ ен 
22 twcR- ВАМ Set-Up Time | Гето 3 
ЖЕ Data Bus Active Time (Invalid Data) | 4 | - | 4 | - | 


| (а and te = 10 to 30 ns) 


READ TIMING WAVEFORMS 
Сус 


WRITE TIMING WAVEFORMS | | 
tcvc |, 


tc 


— К 
92 


CS, RS Am P cmm 


(ен Клан) Г 
| 25244-24 | 


RW. twcr—> 


Ww lU 


DATA BUS 
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MEMORY AND VIDEO INTERFACE CHARACTERISTICS - n 


(Усс = 5.0V + 5%, Ta = T, to Ty, unless otherwise noted) | 


из | 


RAO-RA4 Propagation Delay 
(Х)їртр | 
tsp HSYNC Propagation Delay i | 
VSYNC Propagation Delay Е | 
CURSOR Propagation Delay | 
Note: | | | ЕЭ | = 
ір tr = 20 ns (max). 


TRANSPARENT ADDRESSING  — 
WAVEFORMS (01/92 INTERLEAVING) 


trap. | trap 


CCLK 


MAO- DISPLAY 
MA13 ADDR 


a, я 


ің, te = 20 ns (тах) 


LIGHT PEN STROBE TIMING WAVEFORMS | 


сак. 
ГРЕМ 


МАО-МА13 


NOTE: “Safe” time position for LPEN positive edge to cause 
address п+2 to load into Light Pen Register. 
tipo and tj p, are time positions causing uncertain results. 
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ABSOLUTE MAXIMUM RATINGS: 


*NOTE: Stresses above those listed under "Absolute Maximum 

Ratings" may cause permanent damage to the device. This is 

| | | l a stress rating only and functional operation of the device at 

Input Voltage 2° | -0. 7.0 || | . these or any other conditions above those indicated’ in the 

Operating Temperature Range RIAM с. | operational sections of this specification is not implied. Expo- 
- Commercial "Tae ою +70 sure to absolute maximum rating conditions for extended porous 
Industrial $3 | –4010 +85 | — may affect device reliability B 


| Supply Voltage | 


_- | Storage Temperature 


DC CHARACTERISTICS. (Мос = 5.0\ + 5%, Т = T, to Tp; unless otherwise noted) -. 
р Characteristic 0 | 
Input High Voltage 


Three-State Input Leakage (0607) 
(Vin = 0.410 2. 47) | 


Output High Voltage .. 
ІШІ» = 205 pAdc (DO- D7) 
Подо = 100 иАдс (all Е 


Output Low Voltage 
"Кодо = 1.6 mAdc 


. Power Dissipation 
Input Capacitance _ 


E R/W, RES, CS, RS, LPEN,: CCLK 
00-07 


Output Capacitance 


| TEST LOAD 


R6545-1 РІМ —— 


R = TIKA FOR 0007 © 4 
_ = 24K0 FOR ALL OTHER QUTPUTS 
_С = 130 pF TOTAL РОВ 00-07 
= 30 pF ALL OTHER OUTPUTS 
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PACKAGE DIMENSIONS | 


40-PIN CERAMIC DIP- 


40-PIN PLASTIC DIP 
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£59 | | 86551 
_ ASYNCHRONOUS COMMUNICATIONS 


Rockwell INTERFACE ADAPTER (ACIA) 


DESCRIPTION | FEATURES 


The Rockwell R6551 Asynchronous Conimuneations Interface m Compatible with 8-bit microprocessors 

Adapter (ACIA) provides an easily implemented, program con- a • Full duplex operation with buffered receiver and transmitter | 
trolled interface between 8-bit microprocessor-based systems e Data set/modem control functions 

and serial communication data sets and modems. 

e Internal baud rate generator with 15 programmable baud 

The ACIA has an internal baud rate generator. This feature elim- rates (50 to 19,200) 

inates the need for multiple component support circuits, a crystal e Program-selectable internally ог "И controlled receiver 
being the only other part required. The Transmitter baud rate rate 

can be selected under program control to be either 1 of 15 dif- e Programmable word lengths, number of stop pits, and parity 
ferent rates from 50 to 19,200 baud, or at 1/16 times an external bit generation and detection 

clock rate. The Receiver baud rate may be selected under pro- • Programmable interrupt control 

gram control to be either the Transmitter rate, or at 1/1 times e Program reset | 

the external clock rate. The ACIA: has programmable word e Program-selectable serial echo mode 

lengths of 5, 6, 7, or 8 bits; even, odd, or no parity; 1, 172, ог | 

2 stop bits. • Two chip selects 

| | e 2 or 1 MHz operation 

The ACIA is designed or: maximum забава contro! from e 5.0 Мас + 5% supply requirements 

the microprocessor (MPU), to simplify hardware implementa- e 28-рп plastic or ceramic DIP 

M а pies ka pu i ida easily ui /— e Ful TTL compatibility · E ы | | 

ова ра тосе ап ева нс Бага e Compatible with R6500, R6500/ and R65C00 micro- 


and determine operational status. | 

| | | processors 
The Command Register controls parity, receiver echo mode, : 
transmitter interrupt control, the state of the RTS line, receiver 
interrupt control, and the state of the DTR line. 


The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. | 


The Status Register indicates the states of the IRQ, DSR, and _ 
DCD lines, Transmitter and Receiver Data Registers, and 
Overrun, Framing, and Parity Error conditions. 


The Transmitter and Неа: Data Registers are used for tem- 
porary data storage by the ACIA Transmit and Receiver circuits. 


oon Фф л 5» ш м о ~ 


ORDERING INFORMATION 


Part No.: R6551___ 
CEN € (T, to Ты) 
Blank = 0°C to +70°C 
Е = —40'C to +85°С 


Frequency Range: 
24-1 MHz 
2 = 2 MHz 


| Package: ; ; 
C = Ceramic | Figure 1. R6551 ACIA Pin Configuration 
P = Plastic | 


Document Мо. 29651N90 | Product Description Order No. 284. 
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Asynchronous Communications Interface Adapter (ACIA) 


TRANSMIT 
CONTROL 


TRANSMIT 
SHIFT 
REGISTER 


STATUS 


REGISTER 


----2| CONTROL BAUD 
REGISTER RATE 
GENERATOR 
22222523 


СОММАМО 
НЕСІ5ТЕН 


ОАТА 
REGISTER | 


АЕСЕМЕ 


RECEIVE 
ПР SHIFT 
REGISTER 
RECEIVE |. 
CONTROL 


Figure 2. ACIA Internal Organization 


FUNCTIONAL DESCRIPTION 


A block diagram of the ACIA is presented in Figure 2 followed 
by a description of each functional element of the device. 


DATA BUS BUFFERS 


The Data Bus Buffer interfaces the system data lines to the 
internal data bus. The Data Bus Buffer is bi-directional. When 
the R/W line is high and the chip is selected, the Data Bus Buffer 
passes the data from the system data lines to the ACIA internal 
data bus. When the R/W line is low and the chip is selected, the 
Data Bus Buffer writes the data from the internal data bus to the 
system data bus. 


INTERRUPT LOGIC 


The Interrupt Logic will cause the IRQ line to the microprocessor 
to go low when conditions are met that require the attention of 
the microprocessor. The conditions which can cause an inter- 
rupt will set bit 7 and the appropriate bit of bits 3 through 6 in 
the Status Register, if enabled. Bits 5 and 6 correspond to the 
Data Carrier Detect (DCD) logic and the Data Set Ready (DSR) 
logic. Bits 3 and 4 correspond to the Receiver Data Register full 
and the Transmitter Data Register empty conditions. These con- 
ditions can cause an interrupt request if enabled by the Com- 
mand Register. 


ПО CONTROL 


The І/О Control Logic controls the selection of internal registers 
in preparation for a data transfer on the internal data bus and 
the direction of the transfer to or from the register. 


The registers are selected by the Receiver Select (RS1, RSO) 
and Read/Write (R/W) lines as described later in Table 1. 
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TIMING AND CONTROL 


The Timing and Control lagic controls the timing of data trans- 
fers on the internal data bus and the registers, the Data Bus 
Buffer, and the microprocessor data bus, and the hardware 
reset features. 


Timing is controlled by the system 2 clock input. The chip will 
perform data transfers to or from the microcomputer data bus 
during the 02 high period when selected. 


А! registers will be initialized by the Timing and Contro! Logic 
when the Reset (RES) line goes low. See the individual register 
description for the state of the registers following a hardware 
reset. 


TRANSMITTER AND RECEIVER DATA REGISTERS 


These registers are used as temporary data storage for the 
ACIA Transmit and Receive Circuits. Both the Transmitter and 
Receiver are selected by a Register Select 0 (RSO) and Register 
Select 1 (RS1) low condition. The Read/Write (R/W) line deter- 
mines which actually uses the internal data bus; the Transmitter 
Data Register is write only and the Receiver Data Register is 
read only. | 


Bit O is the first bit to be transmitted from the Transmitter Data 
Register (least significant bit first). The higher order bits follow 
in order. Unused bits in this register are "don't care". 


The Receiver Data Register holds the first received data bit in 
bit O (least significant bit first). Unused high-order bits are “0”. 
Parity bits are not contained in the Receiver Data Register. They 
are stripped off after being used for parity checking. 
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STATUS REGISTER 


The Status Register indicates the state of interrupt conditions 
and other non-interrupt status lines. The interrupt conditions are 
the Data Set Ready, Data Carrier Detect, Transmitter Data Reg- 
ister Empty and Receiver Data Register Full as reported in bits 
6 through 3, respectively. If any of these bits are set, the Inter- 
rupt (IRQ) indicator (bit 7) is also set. Overrun, Framing Error, 
and Parity Error are also reported (bits 2 through 0 respectively). 


Bit 7 Interrupt (IRQ) 
0 No interrupt 
1 Interrupt has occurred 
Bit 6 Data Set Ready (DSR) 
0 DSR low (ready) 
d ^ DSR high (not ready) 
Bit 5 Data Carrier Detect (DCD) 
0 DCD low (detected) 
41 ОСО high (not detected) 
Bit 4 Transmitter Data Register Empty 
0 Not empty 
1 с. Empty 
Bit 3 Receiver Data Register Full 
0 Not full 
1 Full 
Bit 2 Overrun* 
0 No overrun 
1 Overrun has occurred 
Bit! — Framing Error* 
0 No framing error 
1 Framing error detected 
Bit 0 Parity Error* 
0 Мо рагйу еггог 
1 . Parity error detected 


*No interrupt occurs for these conditions 
Reset Initialization 


76 543 2 1 Е 
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Hardware reset 
Program reset 
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Parity Error (Bit 0), Framing ашы (ВК 1), апа 
Ометип (2) 


None of these bits causes a processor interrupt to occur, but 
they are normally checked at the time the Receiver Data Reg- 
ister is read so that the validity of the data can be verified. These 
bits are Self clearing (i.e., they are automatically cleared after 
a read of the Receiver Data Register). 


Receiver Data Register Full (Bit 3) 


This bit goes to a 1 when the ACIA transfers data from the 
Receiver Shift Register to the Receiver Data Register, and goes 
to a 0 (is cleared) when the processor reads the Receiver Data 
Register. - 


Transmitter Data Register Empty (Bit 4) 
This bit goes to a 1 when the ACIA transfers data from the 


Transmitter Data Register to the Transmitter Shift Register, and 


goes to a O (is cleared) when the processor writes new data | 
onto the Transmitter Data Register. 


ГА 


Data Carrier Detect (Bit s and Data Set Ready 
(Bit 6) | 


These bits reflect the levels of the DCD and DSR inputs to the 
ACIA. А 0 indicates a low level (true condition) and а 1 indicates 
a high level (false). Whenever either of these inputs change 
state, an immediate processor interrupt (IRQ) occurs, unless bit 
1 of the Command Register (IRD) is set to а 1 to disable IRQ. 
When the interrupt occurs, the status bits indicate the levels of 
the inputs immediately after the change of state occurred. Sub- 
sequent level changes will not affect the status bits until the 
Status Register is interrogated by the processor. At that time, 
another interrupt will immediately occur and the status bits 
reflect the new input levels. These bits are not о а 
cleared (or reset) Бу ап internal operation. | | 


Interrupt (Bit 7) 


This bit goes to a 1 whenever an interrupt condition occurs and 


goes to a 0 (is cleared) when the Status Register is read. 
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CONTROL REGISTER 


The Control Register selects the desired baud rate, frequency 
source, word length, and the number of stop bits. 


Bit 7 Stop Bit Number (SBN) 
0 1Stopbit 
1 . 2 Stop bits 
1 1% Stop bits 


For WL = 5 and no parity 
1 1 Stop bit | 
For WL = 8 and parity 


Bits 6-5 Word Length (WL) 
6 5 Мо.Вй5 
0 0 8 
0 1 7 
1 0 6 
1 1 5 
Bit 4 Receiver Clock Source (RCS) 
0 External receiver clock 
1 Baud rate 
Bits 3-0 Selected Baud Rate (SBR) 
3 2 1 0 Baud 
0 0 0 0 16x External Clock 
0 0 0 1 50 
0 0 1 0 75 
0 0 1 1 109.92 
0 1 0 0 134.58 
0 1 0 1 150 
0 1 Q1 0 300 
0 1 1 1 600 
1 0 0 0 1200 
1 0 0 1 1800 
1 0 1 0 2400 
1 0 1 1 3600 
1 1 0 0 4800 
1 1 0 1 17200 
1 1 1 0 9600 
1 1 1 1 19,200 


Reset Initialization 
76543210 


Го [о [о [о То [оо [0] Hardware reset (RES) 
- | - | - | - | -  -- | - Ргодгат гезе! 
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Selected Baud Rate (Bits 0, 1, 2, 3) 


These bits select the Transmitter baud rate, which can be at 
1/16 an external clock rate or one of 15 other rates controlled by 
the internal baud rate generator. 


If the Receiver clock uses the same baud rate as the transmitter, 
then RxC becomes an output and can be used to slave other 
circuits to the ACIA. Figure 3 shows the Transmitter and Receiver 
layout. | 


RECEIVER: 
SHIFT REGISTER 


CONTROL 
REGISTER 
BIT 4 


BAUD RATE CLOCK . 


GENERATOR C PER 


BITS 0-3 IN | 
TRANSMITTER 
CONTROL SHIFT REGISTER 


REGISTER 


Figure 3. Transmitter/Receiver Clock Circuits 


Receiver Clock Source (Bit 4) 


This bit controls the clock source to the Receiver. A 0 causes 
the Receiver to operate at a baud rate of 7/16 an external clock. 
А 1 causes the Receiver to operate at the same baud rate as 
is selected for the transmitter. 


Word Length (Bits 5, 6) 


These bits determine the word length to be used (5, 6, 7 or 8 
bits). | | 


Stop Bit Number (Bit 7) 


This bit determines the number of stop bits used. A 0 always 
indicates one stop bit. A 1 indicates 172 stop bits if the word 
length is 5 with no parity selected, 1 stop bit if the word length 
is 8 with parity selected, or 2 stop bits in all other configurations. 
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COMMAND REGISTER. 


The Command неее controls specific modes and functions. 


Parity Mode Control и (РМС) 


Odd parity transmitted/received 
Even parity transmitted/received 
Mark parity bit transmitted 
Parity check disabled 

Space parity bit transmitted 
Parity check disabled 


Parity Mode Enabled (PME) 
O | Рагу mode disabled 

No parity bit generated 

Parity check disabled | 


1 Parity mode enabled 
Bit4 Receiver Echo Mode (REM) 
0. Receiver normal mode T 
1 Receiver echo mode bits 2 and 3 
Must be zero for receiver echo mode, RTS will 
be low. 
Bits 3-2 Transmitter Interrupt Control (ПС) | 
23 2 
оо RTS = High, transmit interrupt disabled 
0 1 НТ5 = Low, transmit interrupt enabled 
1 0 RTS = Low, transmit interrupt disabled 
1 1 RTS = Low, transmit interrupt disabled 
transmit break on TxD 
Bit 1 Interrupt Request Disabled (IRD) 
0 IRQ enabled 
1 -IRQ disabled 
Bit 0 Data Terminal Ready (DTR) 
O Data terminal not ready (L (DTR high) 
1 Data terminal ready (DTR low) 


Reset Initialization 
76543210 


0[0|[0[0]0[0]0[о0] Hardware rasat (RES) 
 [-|-|- [0] 0 [0 [0] 0] Program reset 
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Data Terminal Ready (Bit 0) 


This bit enables all selected interrupts and controls the state of 
the Data Terminal Ready (DTR) line. A 0 indicates the micro- 
computer system is not ready by setting the DTR line high. A 
1 indicates the microcomputer system is ready by setting the 
ОТА line low. | 


Receiver Interrupt Control (Bit 1) 


This bit disables the Receiver from generating an interrupt when 
set to a 1. The Receiver interrupt is enabled when this bit is set 
to a O and Bit 0 is set to a 1. 


Transmitter Interrupt Control (Bits 2, 3) 


These bits control the state of the Ready to Send (RTS) line and 
the Transmitter interrupt. 


Receiver Echo Mode (Bit 4) 


A 1 enables the Receiver Echo Mode and a 0 enables the 
Receiver Echo Mode. When bit 4 is a 1, bits 2 and 3 must be 
0. In the Receiver Echo Mode, the Transmitter returns each 
transmission received by t the Receiver delayed by one-half bit 
time. | | Y 


Parity Mode Enable (Bit 5) 


This bit enables parity bit generation and checking. A 0 disables 
parity bit generation by the Transmitter and parity bit checking 
by the Receiver. A 1 bit enables generation and checking of 
parity bits. 


Parity Mode Control (Bits 6, 7) 


These bits determine the type of parity generated by the Trans- 
mitter, (even, odd, mark or space) and the type of p check 
done by the Receiver (even, odd, or no check). 


R6551 
INTERFACE SIGNALS 


Figure 4 shows the ACIA interface signals associated with the 
microprocessor and the modem. e | 


TRANSMIT 
CONTROL 


TRANSMIT 
DATA & 


BUFFERS 


INTERRUPT 
LOGIC 


SHIFT 
REGISTERS 


Ще, 
CONTROL 


TIMING 
& CONTROL 
LOGIC 


COMMAND 
REGISTER 


RECEIVE 
DATA & 
SHIFT 

REGISTERS 


RECEIVE 
CONTROL 


Figure 4. ACIA Interface Diagram 


(Ж 


MICROPROCESSOR INTERFACE 


Reset (RES) 


During system initialization a low on the RES input causes a 
hardware reset to occur. Upon reset, the Command Register 
and the Control Register are cleared (all bits set to O). The 
Status Register is cleared with the exception of the indications 
of Data Set Ready and Data Carrier Detect, which are externally 
controlled by.the DSR and DCD lines, and the transmitter Empty 
bit, which is set. RES must be held low for one Й2 clock cycle 
for a reset to occur. 


Input Clock (22) 


The input clock is the system £2 clock and clocks all data trans- 
fers between the system microprocessor and the ACIA. 


Read/Write (R/W) 


The R/W input, generated by the microprocessor controls the 
direction of data transfers. A high on the R/W pin allows the 
processor to read the data supplied by the ACIA, a low allows 
a write to the ACIA. | 
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Interrupt Request (IRQ) 


The IRQ pin is an interrupt output from the interrupt control logic. 


It is an open drain output, permitting several devices to be con- 
nected to the common IRQ microprocessor input. Normally а 
high level, IRQ goes low when an interrupt occurs. 


Data Bus (00-07) 


The eight data line (00-07) pins transfer data between the рго- 
cessor and the ACIA. These lines are bi-directional and are nor- 
mally high-impedance except during Read cycles when the 
ACIA is selected. 


Chip Selects (CSO, С51) 


The two chip select inputs are normally connected to the pro- 
cessor address lines either directly or through decoders. The 
ACIA is selected when С50 is high and CS1 is low. When the 
ACIA is selected, the internal registers are addressed in accor- 
dance with the register select lines (RSO, RS1). 2 


Register Selects (850, 851) 


The two register select lines are normally connected to the pro- 
cessor address lines to allow the processor to select the various 
ACIA internal registers. Table 1 shows the internal register 
select coding. | 


Table 1. ACIA Register Selection 


L Write Transmit Data Read Receiver 
Register Data Register 


Programmed Reset Read Status 
(Data is "Don't Register 
Care") 


Write Command | Read Command | 
Register . Register 
Write Control Read Control | 
Register  . Register 


Only the Command and Control registers can both be read and 
written. The programmed Reset operation does not cause any 
data transfer, but is used to clear bits 4 through 0 in the Com- 
mand register and bit 2 in the Status Register. The Control Reg- 
ister is unchanged by а programmed Reset. It should be noted 
that the programmed Reset is slightly different from the hard- 
ware Reset (RES); refer to the register description. 
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ACIA/MODEM INTERFACE 


Crystal Pins (XTLI, XTLO) 


These pins are normally directly connected to the смета 
crystal (1.8432 MHz) to derive the various baud rates. Alter- 
natively, an externally generated clock can drive the XTLI pin, 
. in which case the XTLO pin must float. XTLI is Ші input 2 for 


А the transmit clock. 


E Transmit Data (T xD). 


The TxD output line transfers serial nonreturn-to-zero (NRZ) 
data to the modem. The least significant bit (LSB) of the Transmit 
Data Register is the first data bit transmitted and the rate of data 
transmission is determined by the baud rate selected or under 
control of an external clock. This selection is made by program- 
ming the Control Register. 


| Receive Data (RxD) 


The RxD input line transfers serial NRZ data into the. ACIA from 
the modem, LSB first. The receiver data rate is either the pro- 
grammed baud rate or under the control of an externally gen- 
erated receiver clock. The selection is made by programming 
the Control Register. : 


Receive Clock (RxC) 


The RxC isa bi-directional pin which is Һа haa receiver 16x | 


clock input or the receiver 16x clock output. Тһе latter mode 
results if the internal baud rate generator is selected for receiver 
data clocking. 


Request to Send (RTS) 


The HTS output pin controls the modem from the processor. 
The state of the RTS pin is determined by the contents of the 
Command Register. 


CHAR п "E CHAR #п+1 


PROCESSOR 
INTERRUPT PROCESSOR READS STATUS 
(TRANSMIT DATA . REGISTER, CAUSES IRQ 
REGISTER EMPTY) . TOCLEAR 


Clear to Send (CTS) 


The CTS input ut pin controls the transmitter ВОВ Тће нЕ 
state is with CTS low. The transmitter is automatically disabled 
if CTS is high. 


Data Terminal Ready (DTR) 


This output pin indicates the status of the ACIA to the modem. 
A low on DTR indicates the. ACIA is enabled, a high indicates 
it is disabled. The processor controls this pin via bit 0 of the 
Command Register. | 


Data Set Ready (DSR) © 


The DSR input pin indicates to the ACIA the status of the 
modem. A low indicates. the ' ‘ready” state and a high, "not- 
ready." 


Data Carrier Detect (D (б CD) 


The BCD input pin indicates to the ACIA the status of the carrier- 
detect output of the modem. A low indicates that the modem 
carrier d is present and a high, that t і5 not. 


TRANSMITTER AND RECEIVER 
OPERATION | Ж. 


СРЕТНА Data Transmit 


. In the normal operating mode, the interrupt request output (IRQ) 


signals when the ACIA is ready to accept the next data word to 
be transmitted. This interrupt occurs at the beginning of the Start 
Bit. When the processor reads the Status Register of the ACIA, 
the interrupt is cleared. 


The processor must then identify that the Transmit Data Reg- · 
ister is ready to be loaded and must then load it with the next 
data word. This must occur before the end of the Stop Bit, other- 
wise a continuous “MARK” will be transmitted. Figure 5 shows 
the continuous Data Transmit timing relationship. 


CHAR #п+2 


CHAR #п+3 


зе |) EE С [| со са ӘСЕ 
1 = = i г = - on | = = : | - m | 
і Ae ds і. | [ 5% ' | г 
і | t 1 Г 


PROCESSOR MUST 
LOAD NEW DATA 

IN THIS TIME 
INTERVAL; OTHERWISE, 
CONTINUOUS "MARK" 
IS TRANSMITTED 


Figure 5. Continuous Data ` Transmit 


Continuous Data Receive 


Similar to the Continuous Data Transmit case, the т 
operation of this mode is to assert IRQ when the ACIA has 
received a full data word. This occurs at about ?/1s point through 
the Stop Bit. The processor must read the Status Register and 


„ CHAR HN | 


PROCESSOR 
INTERRUPT OCCURS 
ABOUT 9/16 INTO 
LAST STOP BIT. 
PARITY, OVERRUN, 
AND FRAMING ERROR 
ALSO , UPOATED 


PROCESSOR READS STATUS 
REGISTER, CAUSES ТВО 
TO CLEAR 
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Stop] Start 


wy he: : 
“EEF | 
Eu 


b 


read the data мога. betoro the next intértüpt; otherwise · the 
Overrun condition оссиг5. Figure 6 shows he continuous Pata 
Receive Timing Relationship. | 


| CHAR #п+2, | | _ CHAR #п+3 


.PROCESSOR MUST READ 
RECEIVER DATA IN THIS  . 
‘TIME INTERVAL; OTHERWISE, 

OVERRUN OCCURS 


Figure 6.. Cóntinuous Data Receive 


Transmit Data Register Not Loaded by Processor · 


If the processor is unable to load the Transmit Data Register in 
the allocated time, then the TxD line goes to the "MARK" con- 
dition until the data is loaded. IRQ interrupts continue to occur 
| at the same rate аз previously, except no data is transmitted. 


CHAR £n 


„ЈАНЕ 


L CHARACTER 
ТІМЕ 


PROCESSOR 
INTERRUPT 
FOR DATA 
REGISTER 
EMPTY 


PROCESSOR 


DOES NOT LOAD INTERRUPTS 


CONTINUE AT 
. CHARACTER RATE, 

EVEN THOUGH 

NO DATA IS 

TRANSMITTED 


NEW DATA IN 
TIME 


PROCESSOR 
READS 
STATUS. 
REGISTER 


Figure 7. 


| 


CONTINUOUS "MARK" 


When the processor finally loads new data, a Start Bit imme- 
diately occurs, the data word transmission is started, and another 
interrupt is initiated, signaling for the next data word. Figure 7 
shows the timing relationship for this mode of operation. 


CHAR #n+1 | CHAR # 1+2 


1951 


WHEN PROCESSOR FINALLY LOADS. 
‘NEW DATA, TRANSMISSION STARTS 
IMMEDIATELY AND INTERRUPT 

OCCURS, INDICATING TRANSMIT 

DATA REGISTER EMPTY 
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Transmit Data Register Not Loaded by Processor 
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Effect of CTS « on Transmitter 


CTS is the Clear-to-Send signal generated by the modem. it is 
normally low (true state) but may go high in the event of some 
modem problems. When this occurs, Ше TxD. line goes to the 
"MARK" condition after the entire last character (including parity 
| and stop bit) have been transmitted. Bit 4 in the Status Register 


CHAR #п+1 


Stop [Start Bo 


CLEAR-TO-SEND — 


X indicates that the. Transmitter Data Register is not empty and 


IRQ is not asserted. CTS is a transmit control line only, and has 
no effect оп the ACIA Receiver Operation. Figure 8 shows the 
timing relationship for this mode of operation. 


CONTINUOUS "MARK" 


ТАС 15 МОТ ASSERTED 
AGAIN UNTIL CTS 


С NOTCLEAR-TO-sEND . GOES LOW 


6 GOES HIGH, 


2. INDICATING MODEM ` 
22216 NOT READY TO | | 
. RECEIVE DATA. TxD 


‚ GOES. TO "MARK" CONDITION 
S AFTER COMPLETE CHARACTER 


22276 TRANSMITTED. 


Figure 8. Effect of CTS on Transmitter | 


Effect of Overrun on Receiver | 


If the processor does not read the Receiver data Register in the 
allocated time, then, . when the following interrupt occurs, the 
new data word is not transferred to the Receiver Data Register, 


CHAR Еп | | Вида аи 


but the Overrun status bit is set. Thus, the Data Register will 
contain the last valid data word received and all following data 
is lost. Figure 9 shows the timing relationship for this mode. С 


CHAR #п+2 CHAR #п+3 


PROCESSOR a 
| PROCESSOR 
INTERRUPT PROCESSOR _ | nore МОТ 


FOR RECEIVER READS NOT 
DATA REGISTER STATUS M isole 
FULL REGISTER ! 


PROCESSOR DOES 
NOT READ STATUS 
REGISTER 


ко RECEIVER DATA REGISTER 
NOT UPDATED, BECAUSE 
PROCESSOR DID NOT READ 
PREVIOUS DATA, OVERRUN 


BIT SET IN STATUS 
REGISTER 


OVERRUN BIT SET IN 
STATUS REGISTER 


Figure 9. Effect of Overrun on Receiver 
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Echo Mode Timing 


In Echo Mode, the TxD line re-transmits the data on me RxD 
line, delayed by 1⁄2 of the bit time, as shown іп Figure 10. · 


E тета 
225329 


_ TxD Р [Stop] Start 


1/2 DATA BIT DELAY 


Figure 10. Echo Mode Timing 


| Effect of CTS on Echo Mode Operation 


Іп Echo Mode, the Receiver operation. 15 unaffected by сте. | the Receiver Data Register is full in response to an IRQ, so the 
however, the Transmitter is affected when CTS goes high, іе, _ processor has no way of knowing that the Transmitter has 
the TxD line immediately goes to a continuous "MARK" con- © ceased to echo. ues Figure 11 for the timing relationship of this 


_ dition. In this case, however, the Status Request indicates that . mode. 


nds : Pe CHAR HO 5 | | CHAR аз 


NOT.CLEAR-TO-SEND _ 


ГА, | тане тиа |- m | ЕСІТТІ MARK” UNTIL GTS GOES LOW _ 
P [Stop [Start DIEN EEF Stop| Start Saang 


^ ,CTS GOES ТО 
С "БАЗЕ" CONDITION | 


- NORMAL 
RECEIVER DATA 
REGISTER FULL 
INTERRUPTS " 


Figure 11. Effect of CTS оп Echo Mode — 
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Overrun in Echo Mode | " | | 
If Overrun occurs in Echo Mode, the Receiver is affected the |. "MARK" condition until the first Start Bit after the Receiver Data 


same way as a normal overrun in Receive Mode. For the re- Register is read by the processor. Figure 12 shows the timing 
transmitted data, when overrun occurs, the TxD line goes to the | relationship for this mode. | 


CHAR #х CHAR # x+1 


PROCESSOR | | . ^ PROCESSOR FINALLY тхр DATA 

INTERRUPT OBEN | READS RECEIVER | RESUMES 

FOR RECEIVER .. | DATA REGISTER, 

DATA REGISTER СЦ READ RECEIVERI - | | | LAST VALID 
: 15 E. А. | с С 

PROCESSOR | | у T | | 
аа OVERRUN OCCURS | | E INTERRUPT 
STATUS . TxD GOES ТО | FOR CHAR x 
REGISTER "MARK" T . IN RECEIVER 

деди CONDITION a п» ж ы мй DATA REGISTER, 


| Figure 12. Overrun in Echo Mode 


Framing Error | 
Framing Error is caused by the absence of Stop Bit(s) on - checked for the Framing Error. Subsequent data words are 


received data. A Framing Error is indicated by the setting of bit | tested for Framing Error separately, so the status bit will always. 
4 in the Status Register at the same time the Receiver Data reflect the last data word received. See Figure 13 for Framing 


Register Full bit is set, also in the Status Register. In response Error timing relationship. 
to IRQ, generated by КОНЕ, the Status Register can also be __ T 


RxD : | 
(ЕХРЕСТЕО) 


RxD Stop ' Stop] Start Stop Stop! car 
(ACTUAL) 1. 2] -— 1122 


NE Et 1 


PROCESSOR 
INTERRUPT, | 
FRAMING 
ERROR 

BIT SET 


.NOTES: 1. FRAMING ERROR DOES NOT 
i _ INHIBIT RECEIVER OPERATION. 


2. IF NEXT DATA WORD 18 ОК, 
FRAMING ERROR IS CLEARED. 


Figure 13. Framing Error 
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Effect of БСБ оп Receiver | 


БСБ is a modem output indicating the status of the canendi: : 


quency-detection circuit of the modem. This line goes high for 
a loss of carrier. Normally, when this occurs, the modem will 
stop transmitting data some. time later. The ACIA asserts IRQ 


whenever DCD changes state and indicates this condition via 


bit 5 іп the Status Register. 


Asynchronous Communications Interface Adapter (ACIA) 


` Once such a change of state occurs, subsequent transitions will 


not cause interrupts or changes in the Status Register until the 
first interrupt is serviced. When the Status Register is read by 
the the processor, the ACIA automatically checks the level of the 
DCD line, and if it has changed, another IRQ. occurs (see Figure 
14). 


CONTINUOUS "MARK" 


MODEM ЖА; | MODEM 
DELAY E 7 see 


| A i 


AS LONG AS | 
DCD IS HIGH, 


PROCESSOR 
INTERRUPT | 
FOR 
RECEIVER 
DATA 


NO INTERRUPT 
WILL OCCUR 
PROCESSOR HERE, SINCE 


"= NORMAL E 
PROCESSOR | E 
INTERRUPT PROCESSOR | NO FURTHER 

INTERRUPT ` INTERRUPTS INTERRUPT RECEIVER IS NOT 
FOR DCD FOR RECEIVER FOR DCD ENABLED UNTIL 

“GOING HIGH WILL OCCUR GOING LOW FIRST START BIT 
У P DETECTED 


Figure 14. Effect of DCD on Receiver 


Timing with ша Stop Bits 


It is possible to select 1v» Stop Bits, but this occurs only for 
5-bit data words with no parity bit. In this case, the IRQ asserted 
for Receiver Data Register Ful occurs halfway through the 


trailing half-Stop Bit. Figure 15 shows the timing relationship for 
this mode. | 


CHAR # п+1 


| 


PROCESSOR INTERRUPT 
OCCURS HALFWAY ` 
THROUGHT THE 1/2 
STOP BIT 


Figure 15. Timing with 1% Stop Bits 
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Transmit Continuous “ВНЕАК” 


This mode is selected via the ACIA Command Régister and. 


causes the Transmitter to send continuous "BREAK" charac- 
ters, beginning with the next character transmitted. At least one 
full BREAK" character will be transmitted, even if the processor 
quickly re-programs the. Command Register transmit mode. 
Later, when the Command Register is programmed back to 
normal transmit mode, an immediate Stop Bit will be generated 
and transmission will resume. Figure 16 shows the "ming rela- 
tionship for this mode.. | 


Stop Start «E “Т TA Stop pde 


PERIOD DURING 


SELECTS 
CONTINUOUS 
` "BREAK" MODE 


NORMAL 
INTERRUPT 


Note 


Af, while operating in the Transmit. Continuous "BREAK" ` 
mode, the CTS should go to a. high, the TxD will be 
overridden by the CTS and will go to continuous "MARK" ‘a 
at the beginning of the next character transmitted after the - 
CTS goes high. 


P іл ud FER: ЕГЕ Stop | Start faal 


WHICH PROCESSOR ` | SET “L 


POINT AT WHICH N processor. 
PROCESSOR INTERRUPT 
SELECTS TOLOAD 
NORMAL. ` -TRANSMIT 
TRANSMIT | ОАТА 
MODE ` 


р Figure 16. Transmit Continuous "BREAK" | 


Receive Continuous “BREAK” 


In the event the modem transmits continuous "BREAK" char- 
acters, the ACIA will terminate receiving. Reception will resume 
only after a Stop Bit is encountered by the ACIA. Figure 17 


CONTINUOUS ' 'BR ЕАК“ 


shows the timing relationship for continuous "BREAK" 
' characters. 


TELT ~ Bo P сатр ығ EE) EL Ur Stop Start Saul 


PROCESSOR 
INTERRUPT 
FOR 
RECEIVER WILL ALSO GIVE A PARITY ERROR 
DATA REGISTER BECAUSE ALL ZEROS (CONTINUOUS 
FULL BREAK) REPRESENT EVEN PARITY. 


NO INTERRUPT 
/ SINCE RECEIVER 
INTERRUPTS DISABLED UNTIL NORMAL 


PROCESSOR INTERRUPT WITH т 

FIRST STOP BIT RECIEVER 
BREAK AND FRAMING ERROR | INTERRUPT 
BIT SET, EVEN PARITY CHECK | 


Figure 17. Receive Continuous "BREAK" 
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Because of the special functions ofthe various status bits, there | 


isa suggested sequence for checking them. When an interrupt 
occurs, the ACIA should 96 interrogated, as follows: 


(0 Read Status Register | 


This operation automatically clears Bit 7 (IRQ). Subsequent | 


transitions on DSR and DCD will cause another interrupt. 


гә 


и not set, the interrupt source is not the АСІА. | 


. Check БСБ апа DSR 


These must be compared to their previous levels, which must | 


have been saved by the processor. If they are both 0 (modem 
"on-line") and they are unchanged then the remaining bits 
must be checked. | 


+ 


- Check РОНЕ (Bi 3) 


Check for Receiver Data Register Full. 


сл : 


| Check Parity, Overrun, and Framing Error (Bits 0-2) if the 
Receiver Data Register: is full. 


| Check TDRE (Bit 4) 


Check for Transmitter Data Hegisiór Empty. 


N 


gone to the false (high) state. | 


PROGRAM RESET OPERATION 


. Check | ва (Bit 7) in the data read fom the Status Register | 


m I none of the above conditions exist, then CTS must have | 


_ Asynchronous € Communications Interface Adapter (ACIA) | 


| MISCELLANEOUS 


1. | Echo Mode is selected, RTS goes low. 


2. If Bit 0 of Command Register| is 0 (disabled), than! 


a) All АН interrupts 2 аге disabled, including those caused by 
DCD and DSR transitions. 
b) Transmitter is disabled immediately. 
с) Receiver is disabled, but a character currently being 
төсеме will be completed first. | 


3. Odd parity occurs when the sum of all the 1 bits in the data 
word (including: «һе parity bit) is odd. 


4. In the receive mode, the received parity bit does not go into 
the Receiver Data Register, but generates parity error or no _ 
‚ parity error for the Status Register. — 


22-5. Transmitter and Receiver may be in full operation simulta- 


neously. This is "full-duplex" mode. 


T И the RxD line inadvertently goes low and then high right 


after a Stop Bit, the ACIA does not interpret this as a Start 

Bit, but samples the line again halfway into the bit to deter- 

mine if it is a true Start Bit or a false one. For false Start Bit 
` detection, the ACIA does not begin to receive data, instead, 
: only a true Start Bit initiates receiver operation. 


7. Precautions to consider with the crystal oscillator circuit: 


а) The external crystal should be a "series" mode crystal. 
b) The XTALI input may be used as an external clock input. — 
The unused pin (EXTALO) must be floating and may not | 
‚ Бе used for any other function. | 


2248. DOD and DSR transitions, although causing immediate pro- 


А program reset occurs when the processor performs a write | 


. operation to the ACIA with RSO low and А51 high. The program 


© reset. operates | somewhat different from the hardware reset | 


(А НЕ5 pin) and is described as ТО 


formats for ще. ейес! ог а program reset on internal registers. 


. The DTR line goes s high immediately 


Receiver and transmitter intérrupts are disabled immediately. 
If IRQ is low when the reset occurs, it _it stays low low until ser- 
viced, unless interrupt was caused by DCD or DSR transition. 


ом and was caused by DCD or DSR, then it goes high, also 
DCD and DSR status bits subsequently will follow the input 
. lines, although no ТУРЫ will occur. 


с. 


. Overrun cleared, if set. 


. Internal registers аге not completely cleared. Check register - 


‚ DCD and DSR intemiptelake are disabled immediately. ИВО is | 


. -cessor interrupts, һауе no affect оп transmitter operation. 
- Data will continue to be sent, unless the processor forces 
transmitter to turn off. Since these are high- impedance inputs, 
they must not be permitted to float (un- connected). И unused, . - 
__ they must be terminated either to GND or Мсс. Жс 


GENERATION OF NON-STANDARD | 


BAUD RATES 


5 Divisors | | 
: The internal counter/divider circuit selects the sppropilats divi- 


sor for the crystal frequency Бу means of bits 0-3 of the дем: | 


_ Control Register, as shown in Table 2. 


Generating Other Baud Rates | 


Ву using a different crystal, other baud rates may be generated. 


These can be determined by 


[e stal Frequenc 
Baud Rate _ ©ума! Frequency | 
Divisor 


. Furthermore, it is possible to- drive the ACIA with an off-chip ` 


oscillator to achieve other baud rates. In this case, XTALI (pin 


6) must be the clock input and XTALO (pin i must be a 127 
connect. 


22229 — 


R6551 2 Asynchronous Communications Interface Adapter (ACIA) 


. - Table 2. Divisor Selection 


Control Divisor Selected Baud Rate Generated Baud Rate Generated - 
Register | " ForThe ^ . With 1.8432 MHz . With a Crystal - 
Bits Internal Counter Crtstal of Frequency (F) 


16 X External Clock. 16 X External Clock 
36,864 


1.8432 x 106 
36,864 
1.8432 x 106 
24,576 | 
1.8432 x 106 
16,769 | 
1.8432 x 106 
| 18704 : 
1.8432 x 108 
_ 12288 
1.8432 x 106 
222222 6144 
| 1.8432.х 106. 
3,072 
1.8432 х 108 
1,536 
1.8432 х 106 
1,024 
1.8432 х 106 
768 
1.8432 х 106 
512 _ 
1.8432 х 106 
384 
1.8432 х 10% 
256 


36,864 | 
| TA | , 


16,769 
да 
13,704 | 


12,288 | 


= 1,200 


1.8432 х 106 
----------- 9,600 ------- 
192 Е | 192 | 


1.8432 х 106 
96 


= 19,200 
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ЕЛІ hronous Communications interface Adapter (АСА) 


DIAGNOSTIC LOOP-BACK 
OPERATING MODES - 


A simplified block diagram for a. system incorporating an ACIA 
is shown in Figure 18. . | 


It may be desirable to (оше in the аба а facili 1 for "ор 
back" testing, of which there are two kinds: 


1. Local Loop- "Back 


Loop- -back from the point of view of the processor. In this 
case, the Modem and Data Link must. be effectively discon- 


nected and the ACIA transmitter connected back to its own. 


receiver, so that the processor can perform diagnostic checks 
on the system, excluding the actual data АШ, 


2. Remote Loop-Back | 


Loop-back from the point of view of the Data Link and 
Modem. In this case, the processor, itself, is disconnected 
and all received data is immediately. retransmitted, so the 
system on the other end of the Data Link may operate inde- 
pendent of the local system. 


The ACIA does not contain automatic loop-back operating 
modes, but they may be implemented with the addition of a 
small amount of external circuitry. Figure 19 indicates the nec- 
essary logic to be used with the ACIA. The LLB line is the pos- 
itive-true signal to enable local loop-back operation. Essentially, 
ЦВ = high does the following: 


1. Disables outputs TxD, БТА, and ATS (to Modem). 
. 2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 


3. Connects transmitter ter outputs to respective _ receiver inputs. 
| (i.e., TxD to RxD, DTR to DCD, RTS to CTS). 


LLB may be tied to a péripheral control pin (from an R6520 or 
R6522, for example) to provide processor control of local loop- 


| Баск opération; In. hisy way, the processor с can easily perform 


local loop-back diagnostic testing. 


Remote loop- -back does not require this circuitry, « so LLB must 
be set low. However, the proce must select the following: 


1. Control Register bit 4 must Бе 1, so that the transmitter clock 
equas. the receiver со | 


| 2. Соттапа Register bit 4 üt be 1 to select Ect о Mode. 


3. Command Register bits 3 and 2 must. ba: 1 and 0, respec- 
tively to disable IRQ interrupt to transmitter. 


4. Command Register bit 1 must be 0 to disable та Ө 
‚ for receiver. | 


In this way, the system re-transmits received data without any 
effect on the local system. 


TO DATA LINK 


Figure 18. Simplified System Diagram 


: 1. HIGH ON LLB SELECTS LOCAL LOOP.BACK MODE. 


2. HIGH ON 74157 SELECT INPUT GATES "В" INPUTS 


TO ”Y” OUTPUTS; LOW GATES "A" TO "У". 


Figure 19. Loop-Back Circuit Schematic 


R6551 
READ TIMING DIAGRAM 


- Timing diagrams for transmit with. external clock, receive with 
external clock, and TRQ generation are shown in Figures 20, 21 | 


апа 22, respectively. The corresponding timing characteristics 
are listed іп Table 3. | 


Table 3. Transmit/Receive Characteristics 


gp eer Tas а Тас 


Transmit/Receive 
Clock High Time 


Transmit/Receive 175. 175 
Clock Low Time 
mL m 


Propagation Delay | 


RTS Propagation toLy 
Delay 


. Load ad Capacitance | 
DTR, RTS 
TxD . 


| Notes: 
(tr, te = 10 to 30 ns) 


*The baud rate with external locking is: Baud Rate = .— _ 
| 16х (ссу 


Transmit/Receive ссу | 
Clock Rate n 


ІНО Propagation 
-Delay (Clear) 
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XTU 
(TRANSMIT 
CLOCK INPUT) 


NOTE: TxD rate is 1/16 TxC rate 


Figure 20. Transmit Timing with External Clock 


RxC 
(INPUT) 


dete 
NOTE: RxD rate is 1/16 RxC rate 


Figure 21. Receive External Clock Timing 


(CLEAR) 


Figure 22. Interrupt and Output Timing 


АС CHARACTERISTICS | | 


_ (Усс = 5.0V + 5%, Ус = 0, ТА = T, to Ту, unless otherwise noted) 


Read Hold Time 
Bus Active Time (Invalid Data) tcpa 


Notes: 1. Voc = 5.0У +5%. 
2. ТА = T, to Тн. 
3. ің and te = 10 to 30 ns. 
4. DO-D7 load capacitance = 130 pF. 


Мін 


WRITE TIMING DIAGRAM 


+ tcpa —= 


w ‘СОЯ — + tun 


READ TIMING CHARACTERISTICS 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage | Уш | -0310 470 . 
ViN 


ШІН 
озюм | ve | 


Storage Temperature. —55 to +150 


OPERATING CONDITIONS 


[витне | өте | — ме | 


Temperature Range 
Commercial 
Industrial 


0° to 70°C | 
– 4090 to +85°C 


DC CHARACTERISTICS | 
(Усс = 5.0V + 5%, Vss = 0, Та = T, to Ty, unless otherwise noted) 
Parameter 


< 
т 


Input High Voltage 
Except XTLI and XTLO 
XTLI and XTLO 


Input Low Voltage 
Except ХТЫ and XTLO 
XTLI and XTLO 


Input Leakage Current ADR 2. 
02, R/W, RES, CSO, CS1, RSO, RS1, CTS, RxD, DCD, DSR 


Input Leakage Current for High Impedance (Three State Off) 
00-07 


{Output High Voltage 
00-07, TxD, RxC, RTS, 


{Output Low Voltage =_= 

| 00-07, TxD, RxC, RTS, ОТА, IRQ 

Output High Current (Sourcing) 
00-07, TxD, RxC, RTS, ОТА 


Output Low Current (Sinking) ____ 
00-07, TxD, RxC, RTS, ОТА, ВО 


= 
= 


DTR 
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“NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


p 


y 


| Unit | Test Conditions 
MN MEME 
ae 
| ША Уім = ом 10:5.25М 
Мес = OV 
Vin = 0.4V to 2.4V 
Ус 
V 
Подо = 1.6 тА 
Мон = 2.4V | 
bu 


2. 
t2 10. 


H 
oo 
o Qo | & @ 


Vc 


10 


= 
о 


170 300 
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PACKAGE DIMENSIONS 
28-PIN CERAMIC DIP | 3 28- PIN PLASTIC DIP | 
(1.470 (1.470) 


l4 440) (лао t psit 


WF. mm immi EE а 


№ 032 REF 


(015) 5% (.060) 


) (020 020) 
(125) (.015) 
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R6565 


DOUBLE-DENSITY FLOPPY DISK 
CONTROLLER (DDFDC) 


PRELIMINARY 


DESCRIPTION 


The R6565 Double-Density Floppy Disk Controller (DDFDC) 
interfaces up to four floppy disk drives to a 6500/6800 micro- 
processor-based system. The DDFDC simplifies the system 
design by minimizing both the number of external hardware com- 
ponents and software steps needed to implement the floppy disk 
drive (FDD) interface. Control signals supplied by the DDFDC 
reduce the number of components required in external phase 
locked loop and write precompensation circuitry. Memory-mapped 
registers containing commands, status and data simplify the soft- 
ware interface. Built-in functions reduce the software overhead 
needed to control the FDD interface. The DDFDC supports both 
the IBM 3740 Single-Density (FM) and IBM System 34 Double- 
Density (MFM) formats. 


The ООРОС interfaces directly to the 6500/6800 synchronous 


microprocessor bus and operates with 8-bit byte length data trans- 


ferred on the bus. The DDFDC will operate in either DMA or non- 
ОМА mode. п ОМА mode, the CPU need only load the command 
into the DDFDC and all data transfers occur under DMA control. 
The R6565 is directly compatible with the MC6844 Direct Memory 
Access Controller (DMAC). In non-DMA mode, the DDFDC gen- 
erates an interrupt to the CPU indicating that a byte of data is 
available. 


Controller commands, command or device status, and data are 
transferred between the DDFDC and the CPU via six internal 
registers. The Main Status Register (MSR) stores the DDFDC 
status information while four additional status registers provide 
result information to the CPU following each controller command. 
The Data Register (DR) stores actual disk data, parameters, con- 
troller commands and FDD status information for use by the CPU. 


The Н6565 executes 15 separate multi-byte commands: 


Read Data Specify 

Write Data Format a Track 

Read Deleted Data Scan Equal 

Write Deleted Data Scan High or Equal 
Read a Track Scan Low or Equal 
Read ID Sense Interrupt Status 
Seek Sense Drive Status 
Recalibrate (Restore to Track O) 


Document No. 29651N42 


FEATURES 


• Address mark detection circuitry 


е Software control of 
—Track stepping rate 
—Head load time 
—Head unload time 


е ІВМ compatible in both single- and double-density recording 
formats 


е Programmable data record lengths: 128, 256, 512, 1024, 2048, 
4096 or 8192 bytes/sector 


е Multi-sector and multi-track transfer capability 
е Controls up to four floppy disk drives | 


е Data scan capability—will scan a single sector or an entire 
track of data fields, comparing on a byte-by-byte basis data 
in the processor's memory with data read from the disk 


е Data transfers in ОМА or non-DMA mode 
• Parallel seek operations on up to four drives 


e Directly compatible with 6500 and 6800 synchronous 
microprocessor bus 


• Single phase 8 MHz Clock 
* Single +5 Volt Power Supply 


ORDERING INFORMATION 


Part Number CLK Frequency 
R6565 8 MHz 


Temperature Range 


0°C to 70°C 


Package: 
C = Ceramic 
P = Plastic 


Product Description Order No. 2139 
| Неу. 2, Магсћ 1984 
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ASYNCHRONOUS 
BUS 
INTERFACE 


DMAC 
INTERFACE 


Double-Density Floppy Disk Controller (DDFDC) 


RDW 
RDD 
усо 
WCK 
WDA 
| МЕ 
PSO-PS1 


FDD 
SERIAL 
DATA 
INTERFACE 


RDY 
ОХ 
WP/TS 
FLT/TRKO 
"LCT/DIR 
С FR/STP 
RWISEEK 
HDL 
HDSEL 
USO 
US1 
MFM 


FDD 
STATUS 
INTERFACE 


Figure 1. DDFDC Input and Output Signals 


PIN DESCRIPTION 


Throughout this document signals are presented using the terms 


active and inactive, or asserted and negated, independent of 
whether the signal is active in the high-voltage state or low-voltage 


state. (The active state of each logic pin is described below.) Active : 


low signals are denoted by a superscript bar. 


BUS INTERFACE 


DO-D7—Data Lines. The bidirectional data lines transfer data 
between the DDFDC and the 8-bit data bus. 


CLK—CLOCK. The clock is a TTL compatible 8 MHz square wave 
signal. 


RES—RESET. This active low input places the DDFDC in the 
idle state and resets the output lines to the floppy disk drive (FDD) 
to the low state. 


CS—Chip Select. The DDFDC is selected when the CS input 
is low. 


RS—Data/Status Register Select. This input selects the Data 
or Status Register for reading from or writing to. When RS = high, 
the Data Register is selected and the state of R/W determines 
determines whether it is a read (R/W = high) or a write (АМУ = low) 
operation. When RS = low, the Status Register is selected. This 
register may only be read (R/W = high); the state R/W = low is 
invalid when the Status Register is selected. 
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IRQ—interrupt Request. This active low output is the interrupt 
request generated by the DDFDC to the CPU. 


R/W—Read/Write. This input defines the data bus transfer as а 
read or write cycle. When high (read), the data transfer is from the 
DDFDC to the data bus. When low (write), the data transfer is from 
the data bus to the DDFDC. 


@2—Enable. This input is the synchronous handshake line for the 
information transfer on the R6500 processor bus. This input signal 
is the standard enable signal commonly called 02 in R6500 
peripheral devices or Enable in 6800 peripheral devices. 


DIRECT MEMORY ACCESS CONTROLLER 
(DMAC) INTERFACE і 


DACK—DMA Acknowledge. Тһе ОМА transfer acknowledge 
signal is a TTL compatible input generated by the DMA controller 
(DMAC) controlling the DDFDC. The ОМА cycle is active when 
DACK is low and the DDFDC is performing a DMA transfer. 


TXRQ—DMA Request. The transfer request signal is a TTL com- 
patible output generated by the DDFDC to request a data transfer 
operation under control of the DMAC (in the DMA mode). The 
request is active when TXRQ = high. The signal is reset inactive 
when DMA Acknowledge (DACK) is asserted (low). 


DONE—DMA Transfer Complete. This input signal is issued to 
the DDFDC when the DMA transfer for a channel is complete. The 
signal is active low concurrent with the DACK input when the DMA 
operation is complete as a result of that transfer. | 
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FDD SERIAL DATA INTERFACE 


RDD—Read Data. Read Data input Кот the floppy disk drive 
(FDD) containing clock and data bits. M dad ud 


RDW—Read Data Window. Data Window input generated by the 
. Phase Locked Loop (PLL) and used to sample data from the FDD. 


VCO—Variable Frequency Oscillator-Sync. This output signal 


A. inhibits the VCO in the PLL circuit when low and enables the VCO 
^. in the PLL circuit when high. This inhibits RDD апа RDW from 


being generated until valid data is detected from the FDD. 


WCK—Write Clock. This input clock determines the Write Data 


rate to the FDD. The data rate is 500 KHz in the FM mode (MFM - 


= low) and 1 MHz in the MFM mode (МЕМ = high). The pulse 
width is 250 ns (typical) in both modes. V | 


WDA —Write Data. Serial write data output to the FDD contain- 
ing both clock and data bits. | | | 


WE—Write Enable. This output signal enables the Write Data into 
the FDD when high. | 2 


PSO-PS1—Preshift. These outputs are encoded to convey write 


compensation status during the MFM mode to determine early, 


late or normal times as follows: ; 


Write Precompensation Status 


Normal 
Late 


Early 
Invalid 


0 = Low, 1 = High 


FDD STATUS INTERFACE 


RDY—Ready. Ап active high input signal indicates the FDD is 
ready to send data to, or receive data from, the DDFDC. 


IDX—Index. An active high input signal from the FDD indicates 
the index hole is under the index sensor. Index is used to syn- 
chronize DDFDC timing. | 


RW/SEEK—Read Write/Seek. Mode selection signal to the FDD 
which controls the multiplexer from the multiplexed signals. 
When RW/SEEK is low, the Read/Write mode is commanded; 
when RW/SEEK is high, the Seek mode is commanded. ` 


Active FDD Interface Signals 


TS, TRKO, DIR, STP 


WP/TS—Write Protect/Two Side. An active high multiplexed input 
signal from the FDD. In the Read/Write mode, WP/TS high indi- 
cates the media is write-protected. In the Seek mode, WP/TS high 
indicates the media is two-sided. 


Preshift Outputs | 
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FLT/TRKO—Fault/Track Zero. An active high multiplexed input 
from the FDD. іп the Read/Write mode (RW/SEEK = low), 
FLT/TRKO high indicates an FDD fault. In the Seek mode, 
FLT/TRKO high indicates that the read/write head is positioned over 
track zero. | | 


LCT/DIR—Low Current/Direction. A multiplexed output to the 
FDD. In the Read/Write mode, LCT/DIR is low when the read/write 
head is to be positioned over the inner tracks and the LCT/DIR 
is high when the head is to be positioned over the outer tracks. 
In the Seek mode, LCT/DIR controls the head direction. When 
LCT/DIR is high, the head steps to the outside of the disk; when 
LCT/DIR is low, the head steps to the inside of the disk. 


FR/STP—Fault Reset/Step. A multiplexed output to the FDD. In 
the Read/Write mode, FR/STP high resets the fault indicator in 
the FDD. An FR pulse is issued at the beginning of each read 
or write command prior to issuing HDL. In the Seek mode, FR/STP 
provides the step pulses to move the read/write head to another 
track in the direction indicated by the LCT/DIR signal. 


HDL—Head Load. An active high output to notify the FDD that 
the read/write head should be loaded (placed in contact with the 
media). A low level indicates the head should be unloaded. 


HD—Head Select. An output to the FDD to select the proper 
read/write head. Head One is selected when HD = high and Head 
Zero is selected when HD = low. 


RES 1 УСС 

02 2 RW/SEEK 

RW 3 LCT/DIR 

cs 4 FR/STP 

RS 5 HDL 

DO 6 RDY 

D1 7 WP/TS 

D2 8 FLT/TRKO 

D3 9 PS0 

D4 | Р$1 

05 WDA 

06 050 

07 ТӘНЕ 
TXRQ HDSEL 
DACK MFM 
DONE WE 

IDX УСО 
IRQ нор 
CLK RDW 
GND ] WCK 
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R6565 
US0-US1—Unit Select. Output кыйы? for floppy disk drive selec- 
tion as follows: 


Unit Select. 


Floppy Disk - 
Drive Select 


0 = Low, 1 = High 


MFM—MFM Mode. Output signal to the FDD to indicate MFM 
or FM mode. Selects the MFM mode when MFM « high and the 
FM mode when MFM = low. 

VCC—Power. +5V dc. 


GND—Ground (Ус). 


/О 
BUFFERS 


сет 


CONTROL 


DMA 


CONTROL Г 
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> 
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DDFDC REGISTERS | 


The DDFDC contains six registers which may be accessed by 
the processor or DMA controller via the system (i.e., micro- 
processor) bus: a Main Status Register, a Data Register, and four 
Result Status Registers. The 8-bit Main Status Register (MSR) 
contains the status information of the DDFDC, and may be 
accessed at any time. The 8-bit Data Register, consisting of 
several registers in a stack with only one register presented to 
the data bus at a time, stores data, commands, parameters and 
FDD status information. Bytes of data are read out of, or written 
into, the Data Register in order to initiate a command or to obtain 
the results of a command execution. | 

The readily Main Status Register facilitates the transfer of data 
between the system and the DDFDC. The other Status Registers 
(STO, ST1, 572 and ST3) are only available during the result 
phase, and may be read only after completing a command. The 
particular command which has been executed determines how 
many of the Status Registers will be read. 


SERIAL | — RDW 
READ ——  RDD 
CONTROL а veo 


| SERIAL | WDA _ 
MEET пай. 
PSO, PS1 


RDY 
ОХ. . 
WP/TS 


DRIVE FLT/TRKO 
INTERFACE 


CONTROL LCT/DIR 
FR/STP 
RW/SEEK - 
HDL 

HD 

USO 


US1 
MFM 


Figure 2. DDFDC Block Diagram 
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The relationship between the status/data registers and the R/W 
and RS signals is shown below. 


Read Main Status Register . 
Illegal 

Read from. Data Register. 
Write into Data Register | 


Table 1 shows each of the ifs registers used by the DDFDC 
and each bit assignment within the individual registers. Table 2 
. defines the symbols used throughout the command definitions. 
Each register bit symbol is defined in the. register descriptions 
that follow Table 2. : 


REGISTER DEFINITIONS 
Main Status Register. (MSR) 


The Main Status Register (MSR) contains the status information | 


. of the DDFDC, and must be read by the processor before each 
byte is written to, or read from, the Data Register during the com- 
mand or result phase. MSR reads are not required during the 
execution phase. The Data Input/Output (DIO) and Request for 
Master (RQM) bits in the MSR indicate when data is ready and 
in which direction data will be transferred on the data bus. Тһе 
maximum time between the last R/W during command or result 
phases and the DIO and НОМ getting set or reset is 12 ys. For 
this reason, every time the MSR is read the processor should wait 
12 us. The maximum time from the end of the last read. in the. 
result phase to when bit 4 (DDFDC Busy) goes low is also 12 из. 


The DIO and НОМ timing chart is shown in Figure 3. 


MSR | 
7 НОМ  -Недиез for Master. 
0 Data Register is not ready. 
1 Data Register is ready. _ 


6 DIO  -—Data Input/Output. | 
0 Data transfer is from system to the Data Register. | 
Data transfer is from Data Register to the system. 


А 


MSR | 
5 ЕХМ  —Execution Mode. (Non-DMA mode only). 
0 Execution phase ended, result phase begun. 
1 Execution phase started. 
MSR | x 
4 CB —Controller (DDFDC) Busy. 
0 DDFDC is not busy, will accept a command. 
1 DDFDC is busy, will not accept a command. 
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MSR 
3 038 —Floppy Disk Drive (FDD) 3 Busy.. 
0 ___ЕОО 3 is not busy, DDFDC will Ша read or write 
command. | 
1 FDD 3 is busy, DDFDC will not accept read: or write 
command. ` 
MSR 
2 028 -—FDD 2 Busy. 
0 FDD 2 is not busy, DDFDC will accept: read or write 
command. 
1 FDD 2 is busy, PRES will not accept read or write 
command. I 
MSR 
1 ОВ  —FDD 1 Busy. 
0 FDD 1 is not busy, DDFDC will accept read or. write 
command. 
1 FDD 1 is busy, DDFDC will not accept read or. write 
command. 
MSR 
о 008 —FDD 0 Busy. 
0 FDD 0 is not busy, DUEB will accept read or write _ 
== command.. — 
1" FDDO is busy, DDFDC will not accept read or write 
‘command. 


. Status Register 0 (STO) 


The Status Register 0 (STO) as well as the other status registers 
(ST1-ST3), are available only during the result phase, and may 
be read only after completing a command. The particular com- 
mand executed determines which status registers are used and 
may be read. 


STO 

7 6 IC —Interrupt Code. 

00 Мота! Termination (NT). Command was properly exe- 
cuted and completed. - 

O 1 Abnormal Termination (AT). Command execution was 


started, but was not successfully completed. 
10 Invalid Command (IC). Received command was invalid. 


1 1 Abnormal Termination (AT). The Ready (RDY) signal 
from the FDD mae state during соттапе 
execution. 

STO 

5 SE —Seek End. 


0 Seek command is not completed. 
1 Seek command completed by DDFDC. 


STO | 
4 ЕС —Equipment Check. 
0 — Noerror. 
1 Either a fault signal is received from the FDD or the track 
0 signal failed to occur after 256 step pulses (Recalibrate 
Command). 
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Table 1. DDFDC Status Register Bit Assignments 


| | Bit Number Рр 


Мат Status Register (МӘН) 


Status Register 0 (STO) 


Status Register 1 (ST1) 
Status Register 2 (ST2) 
Status Register 3 (ST3) 


Table 2. Command Symbol Description 


Description 


Data Length 


EOT The final sector number on a track. During read or write operation, the DDFDC stops data transfer . 
after reading from or writing to the sector equal to EOT. | 


The length of Gap 3. During read/write commands this value determines the number. of bytes that the 
VCO will stay low after two CRC bytes. During the Format a Track command it determines the size of 
Gap 3. 


A selected head number 0 or 1 which controls the polarity of pin 27. (H = HD іп all command words). | 
The head load time in the FDD (2 to 254 ms in 2 ms increments). 


= 1, a multi-track operation is to be performed. After finishing a read/write operation on side 
0, the DDFDC will automatically start searching for sector 1 on side 1. | | 


Skip Deleted Data Address Mark. | | 
The stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate applies to all drives 
(Е = 1 тв, Е = 2 ms, etc.) 


Status 0 Four registers which store the status information after a command has been executed. This information 
Status 1 Е is available during the result phase after command execution. These registers should not be confused 
Status 2 | with the Main Status Register (selected by RS = low). STO-ST3 may be read only after a command has 
Status 3 ur аи been executed and contain information relevant to that particular command. 


. During a Scan command, if 5ТР = 01, the data in contiguous sectors is compared byte by byte with data 
sent from the processor (ог DMA controller); and if STP = 02, then alternate sectors are read and 
compared. ми | | - Ы 


Тһе current/selected track number of the medium (0-255). 
USO,US1 | Unit Select | A selected drive number (0-3). m 
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STO 
3 NR  —Not Ready. 
0 РОО is ready. 
1 FDD is not ready at issue of read or write command. И 
а read or write command is issued to side 1 of a single- 


sided drive, this bit is азо set. 


_ STO 


2 HD —Head Address. (At Interrupt). 
0 Head Select 0. 
1 Head Select 1. 


STO 

10 US —Unit Select. (At Interrupt). 
20 0 FDD 0 selected. 

0 1 FDD 1 selected. 

10 FDD 2 selected. 

1 1! FDD 3 selected. 


Status т 1 (ST!) 


О шир 7 
ем f o рр | о | ND | ми | м |”. СР Е ОЕ ЗЕ NON. 


511 Г 
7 ЕМ —End of Track. 
0 No error. 


1 DDFDC attempted to access а sector beyond the last. | 


sector of a track. 


ST1 
6 —Not Used. Always Zero. 


ST1 | T 
5 DE —Data Error. 

0 No error. 2 

1  ООРОС detected a CRC error in ID field or the Data field. 


o 


T1 
4 OR --Оуег Run. 
0 No error. 
1 DDFDC was not serviced by the system during data 
transfers, within a predetermined time interval. 


ST1 | 
3 . Not Used. Always Zero. 


ST1 
2 ND --Мо Data. 
0 No error. 
1 3 possible errors. 


4. DDFDC cannot find sector specified in. ID Register 
during execution of Read Data, Write Deleted Data or 
Scan commands. 


2. DDFDC cannot read ID field without an error during 
Read ID command. 


3. DDFDC cannot find starting sector during execution 
of Read a Track command. 


ЕСІ 


| 9 МА 


872 
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1 NW —Not Writable. 

0 No error. | | | 

1 DDFDC detected a write protect signal from РОО during 
execution of Write Data, Write Deleted Data or Format 
a Track commands. | 


ST1 

—Missing Address Mark. 
No error. 

i 2 possible. errors. 


1. DDFDC cannot detect the ID Address Mark after 
encountering the index hole twice. 


2. DDFDC cannot detect the Data Address Mark or 
Deleted Data Address Mark. The MD (Missing Address '- 
Mark in Data field) of Status Register 2 is also set. 


Status Register 2 (ST2) 


—Not Used. Always Zero. 


6 CM —Control Mark. 

0 No error. 

1 DDFDC encountered a sector which contained a Deleted 
.Data Address Mark during execution of a Read Data, 
Read a Track, or Scan command, or which contained a 
Data Address Mark during execution of a Read Deleted 

| Data command. 


5 оор —Data Error in Data Field. 
0 No error. | 
1 DDFDC detected a CRC error in the Data field. 


ST2 
4 мт 


— Wrong Track. 
0 No error. | 


ы қ 1 Contents of T on the disk is different from that stored іп 
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_ ЮВ. Bit is related to ND (Bit 2) of Status Register 1. 


ST2 | | 
3 SH сап Equal Hit. 
0 No "equal" condition during a scan command. 
1 "Equal" condition satisfied during а scan command. 
ST2 
2 SN —Scan Not Satisfied. 


No error. | 
DDFDC cannot find a sector on the track which meets 
the scan command condition. 


= Ol 
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ST2 а n^n 
1 BT . _ —Bad Track. | 
0. No’ error. ^ . | | 
1 . Contents of T on ihe disk i is different ioni that stored іп” 
і ће IDR and T = РР. Biti is related: to ND Sh 2) of Satus 
Register 1. Жы 
572 
220 MD ЕЕЕ Address Mark in Data Field. 


0 . Мо error. | 
1 ^ DDFDC cannot fi да: а Data Address Mark or Deleted Data 
Address мак oe a data read Hom ше disk. 


Status Register 3 (ST) | 


ШИЛИН ЗИ СИ С СЗ СЕ СЕ 
Сат | ме [mv | тко | те | но [өт | во 


Status Register 3 (ST3) holds the results of the Sense Drive Status 
command. | | 


ST3 
7 FLT —Fault. 
0 Fault (FLT) signal from the РОБ is low. 
1 Fault перла from the FDD is high. 
573 
6 МР —Write Protect. 


O Write Protect (WP) signal s the FDD is low. 
1 Write Protect (WP) Signal from the FDD is high. 


5 —Ready. 
0 Ready (RDY) signal from the RDD is low. 
1 деди (PPO agia from the FDD is high. 


ST3 | | 
4 ТАКО —Track 0. | | | 
0 Track 0 (ТАКО) signal from the FDD is low. 
1 Track 0 (ТАКО) signal is from the FDD is high. 


ST3 

3 TS | —Two Side. | 
0 Two Side (TS) signal from the FDD is low. | 
1 Two Side (T 5) signal from the РОО is high. 


573 | 
2 HD —Head Select. | : 

0 Head Select (HD) signal to the FDD is low. | i 
1 Head Select (HD) signal to the FDD is high. 


ST3 
1 US1 —Unit Select 1. 
0 Unit Select 1 (US1) signal to the FDD is Тен 
1 Unit Select 1 (559 signal to the FDD is high. 


. ST3 


Unit Select 0 (USO) signal to. the FDD is low. 


T | 
0 uso | —Unit Select 0. 

0 

1 Unit Select 0 (US1) signal to the FDD is high. 


С Double-Density Floppy Disk Controller (DDFDC) 


2-143 


COMMAND SEQUENCE 


The DDFDC- is capable of performing 15 different commands 
Each command is initiated by a multi-byte transfer of data from 
the system. After command execution, the result of the command. 
may be a multi-byte transfer of data back to the system. Because 
of this multi-byte transfer of information between the DDFDC and 
the. system, each command consists of mee phases: | 


Соттапа Phase—The DDFDC receives. all information | 
Гоа а to аш а particular operation mom the T 


Execution Phase—The DDFDC ренот | the instructed | 
operation. NM 


Result Phase-—After completion of the operation, status and Е 
other housekeeping information are made available. to the system. а 


The bytes of data sent to the DDFDC to torni a command, arid 
read out of the DDFDC in the result phase, must occur in the 


order shown for each command sequence. That is, thé command — 


code byte must be sent first followed by the other bytes in the 
specified sequence. Al command bytes must be written ала all 
гезий bytes must be read in each phase. After the last byte of . 
data in the command phase is received by the DDFDC, the execu- | 
tion phase starts. Similarly, when the last byte of data is read out. 


іп the result phase, the command is ended and the DDFDC is 


ready to accept a new command. A command can be terminated | 
Бу asserting the DONE signal to the DDFDC. This ensures that | 
the processor can always get the DDFDC’s attention even Ш the | 
command іп process iio up in an abnormal manner. із 


СОММАМО DESCRIPT ом 


READ ОМА — |. 
A command set of nine byles асе ће DDFDC into the ead 


Data mode. After the Read Data command has been received | 


the DDFDC loads the head (if it is unloaded), waits the specified. 
Head Settling Time (defined in the Specify command), then begins 
reading ID Address Marks and ID fields from the disk. When the _ 
current sector number (R) stored in the ID Register (IDR) matches 
the sector number read from the disk, the DDFDC transfers data 
from the disk Data field to the data bus. 


After completion of the read operation from the current sector, | 
the DDFDC increments the Sector’ Number (R) by one, and ће 
data from the next sector is read and. output to the data bus. This | 
continuous read function is called a “Multi-Sector Read Opera- - 


tion." The Read command terminates after reading the last data 
byte from sector А when А = EOT. STO bits 7 and 6 are set to. 


0 and 1, ‚ respectively, and за bit 7 (EN) is set to a 1. 


The Read Data command can also be terminated by a Low DONE 
signal. DONE should be issued at the same time that the. DACK 
for the last byte of data is sent. Upon receipt of DONE, the DDFDC . 
stops outputting data to the data bus, but continues to read даа | 
from the current sector, checks CRC (Cyclic Redundancy Count) 
bytes, and then at the end of that sector terminates the Read Data 
command апа sets bits 7 and 6 in STO to 0. The amount of data 


ui dis a When № = 
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.— Which can Бе handled with a single command. to the DDFDC 


22 depends upon МТ (Multi-Track), MF (MFM/FM), and N (Number 
. of Bytes/Sector) values. Table 3 shows the transfer capacity. 


The multi-track function (MT) allows the DDFDC to read data from 
both sides of the disk. For a particular track, data is transferred 
. Starting at sector 1, side 0 and completed at sector L, side 1 


NE | uen (sector L = last sector on the side). This function pertains to only 
25.0.» one track ща зате track) on each side of the disk. 


0 іп соттапа byte 6 (FM mode), the Data Length 
(DTL) in command byte 9 defines the data length that the DDFDC 


must treat as a sector. If DTL is smaller than the actual даа | 


length in a sector, the data beyond the DTL is not sent to the 
data bus. The DDFDC reads (internally) the complete sector, per- 


- forms the CRC check, and depending upon the manner of com- 


mand termination, may perform a multi-sector Read operation. | 
When М is non-zero (MFM. mode); DTL has no meaning and 
ЗОНЕ, be set to FF. | | Т mE мъжа 


| At the. completion. of the Read Data command, the head is not 
unloaded until the Head Unload Time (HUT) interval defined in 


the Specify command has elapsed. The head settling time may 


M be avoided: between subsequent reads if the: ‘processor issues 


_ another command before the head unloads. This time savings 
в considerable when disk contents are copied from one drive to 


E another. LS 


| if the DDFDÓ detects the Index Hole twice in succession without 


: Фе finding the right sector (indicated i in В), then the DDFDC sets the 


No Data (ND) flag in Status Register 1. (ST1) to a 1, sets Status 
Register 0 (STO) bits 7 and 6 to 0 and 1, respectively, and ter- 
minates the Read Data command. 


After reading the ID and Data fields in each sector, the DDFDC 


checks the CRC bytes. If a read error is detected (incorrect САС. 


in ID field), the. DDFDC sets the Data Error (DE) flag in ST1 to 


a 1, sets the Data Error in Data Field (DD) flag in 572 toaiif. 
a CRC. error occurs in the Data field, sets bits 7 and 6.in STO 


| to 9 апа 1, , respectively, ала terminates the command. 
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If the DDFDC reads a Deleted Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit.in the first command 
byte is not set (SK = 0), then the DDFDC reads all the data in 
the sector, sets the Control Mark (CM) flag in 572 to a 1, and 
terminates the command. If SK = 1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark and reads the next sec- 


_ tor. The CRC bits in the deleted data field are not checked when 


SK = 1. 


During disk data transfers from the DDFDC to the system, the 


‚ DDFDC must be serviced by the system within 27 ys in the ЕМ. 


mode, and within 13 us in the MFM mode, otherwise the DDFDC 
sets the Over Run (OR) flag in ST1 to a 1, sets bits 7 and 6 in 
STO to 0 and 1, respectively, and terminates the commang. 


If the. processor terminates a read (o write) operation. i in the 
DDFDC, then the ID information in the result phase is dependent 
upon.the state of the MT bit in the first command byte and the 
End of Track (EOT) byte. Table 4 shows the values for Track | 
Number (T), Head Number (H), Sector Number (R), and Number 
of Data Bytes/Sector (N), when the processor terminates the 


command. 


Command Phas 


RN 

UE 

ШЕ? | 

с MN 
| 5 | Sector Number (A) 
NN 
КИ 
NONE, 


Number of Data Bytes ре бесіог N) 


End of Track (EOT) · 


Gap Length (GPL) 
Data Length (OTL) 


Table 3. DDFDC Transfer Capacity 


Maximum Transfer Capacity Final Sector Read 
(Bytes/Sector) (Number of Sectors) from Disk E 


Bytes/Sector | 
(N) . 


г. Multi-Track 
(MT) 


_ МЕМЈЕМ 
_ (МР) 
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(128) (26) = 3,328 


(256) (26) = 6,656 
(128) (52) = 6,656 
(256) (52) = 13,312 
(256) (15) = 3,840 
(512) (15) = 7,680 
(256) (30) = 7,680 
(512) (30) = 15,360 
(512) (8) 4,096 
(1024) (8) 4892 
(512) (16) - 8,192 
(1024) (16) o d 


| 26 at Side 0 | 
ог 26 а! Side 1 
26 at Side 1 
` 15 at Side 0 
: or 15 at Side 1 
| 


ва Side 0 — 
078 at Side 1. 
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Command Phase ID s 
| | Final Sector Transferred 
to/from Data Bus 


Table 4. ,DDFDC Command Termination Values 
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^ Result Phase ID 


. Data Bytes 
(N) 


. Less than EOT 
Equal to EOT 
Less than EOT 
Equal to EOT 
Less than EOT 


Notes: 


[№ | 


1. NC (No Change): Тһе same value: as the one at the beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit of H is complemented. 


Result Phase: 


Track Number UE 


Number of Data Bytes per Sector (№) 


WRITE DATA _ 


A command set of nine o bytes во the. DDFDC i in the Write. Data 
mode. After the Write Data command has been received the 


DDFDC loads the head (it it is unloaded), waits the specified Head- 
Settling Time (defined in the Specify command), then begins 


reading ID fields from the disk. When the four bytes (T, Н, В, М) 
loaded during the command match the four bytes of the ID field 


from the disk, the PUFDG t transfers data from the data bus E | 


К the disk раја! field. 


| After writing data into the current sector, the DDFDC increments 
. the sector number (А) by one, and writes into the Data field in 


Head Number (H) | 
Sector Number (В) · 


of the ID fields, it terminates the Write Data command, seis the 
DE flag in ST1 to a 1, and sets bits 7 and ei іп STO 100 and 1, 
respective: 


The Write Data command {регез іп тисһ the: вате manner ^ 


as the Read Data command. Refer to the: Read Data command · 
for the handling of the following Пета: | i 


• Transfer Capacity . 

• End of Track (EN) flag: 

• No Data (ND) flag 

• Head Unload Time (HUT) interval 

• ID information. when- the processor terminates command 


: | (see Table 4) 


• Definition of Data Length (OTL) when М = 0 ага when N + 0 


| Іп the Write Data mode, ‘data transfers from the data: bus to the | 


the next sector. The DDFDC continues this multi-sector write | 


operation until. the last byte is written to sector В when А = EOT. 


STO bits 7 and 6 are set to 0 and 1; трови апа sn bit 


. 7 (EN) is set to а 1. 


The command can also be terminated by a low on DONE. If 
- DONE is sent to the DDFDC while writing into the current sector, 
then the remainder of the Data field is filled with 00 (zeros). In 
_ this case, STO bits 7 and 6 are set to 0 and the command 15 
terminated. 


| | The ООРОС reads the ID field of each Sine and checks the CRC 
bytes. If the DDFDC detects a read error (incorrect CRC) іп one 
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_ DDFDC must occur within 27 us in the FM mode, and within 13 из 

in the МЕМ mode. If the time interval between data transfers is 
longer than this; then the DDFDC terminates the 
Е тапа, sets the Over Run (OR) flag in ST1 to a 1, апа sets bits 


Write Deta com- 


7 and 6 in STO to 0 and 1, S Spe ve 


Command Phase: 
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Result Phase: 


. Status Register 0 (STO) 
Status Register 1 (571) 


БЕЛЕ 
ЕСЕ 
ЕЕ 
ШЕ 


^8 
| 4. 
(7 


WRITE DELETED DATA | 
The Write Deleted Data command is the same as the Write Data 


command except a Deleted Data Address Mark is written at the. 


- Track Number (T) | 
Head Number (H) | | 


ка Number of Data Bytes per Sector (М) 


... Command Phase: 


beginning of the Data field instead of the normal Data Address 


Mark. | 


‘Command Phase: | 


| RW | BYTE | 


7 | 6 |в аз 
Е 


Law 
ete 
res 
WE 


Track Number (T) 
| Head Number (H) un i 
Sector Number (В) · | 


Number of Data Bytes per Sector (N) 


GL 
ки 
завет — - 
Co [ommon E 


Status Register'0 (STO) 

Status Register 1 (ST1) Гоа 
| Status Register 2 (ST2) 
Track Number (T yt 


Head Number (H) |. 


Sector Number (R) 
Number of Data Bytes per Sector(N) 


READ DELETED DATA 


The Read Deleted Data command is the зате as the Read Data 


command except that if SK = 0 when the DDFDC detects a Data 
Address Mark at the beginning of a Data field, it reads all the 
data in the sector and sets the CM flag in ST2 to a 1, and then 
terminates the command: If SK = 1, then the DDFDC skips the 
sector with the Data Address Mark and reads the next sector. 


7 | End of Track (EOT) | E 
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| мм [sme[v[eTs[e|s[*[ 1] 
w | ме ме Те от | 9 То 


| Number of Data Bytes per Sector (М) 
 EndofTrack(EOT) | 


Gap Length (GPL) Ди | | 


7 


Result Phase: 


Status Register 0 (STO) | 


Status Register 1 (571) — 
Status Register 2 (ST2) 


Track Number (T) 


‘Head Number (H) 
Sector Number (В) | 
Number of Data Bytes per Sector (М) 


^ 


. READ A TRACK 


The Read a Track command is similar to the Read Data com- 
mand except that this is a continuous read operation where all 
Data fields from each of the sectors on a track are read and 
transferred to the data bus. Immediately after encountering the 
Index Hole, the-DDFDC starts reading the Data fields as con- 
tinuous blocks of data. This command terminates when the num- 
ber of sectors read is equal to EOT. Multi-track operations are 
not allowed with, this command. | > wes 


If the DDFDC finds an error in the ID or Data CRC check bytes, 


it continues to read data from the track. The DDFDC compares 
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the ID information read from each sector with the value stored 
in. the IDR, and sets the ND flag in ST1 to a 1 if there is no match. 


_ If the DDFDC does not find an ID Address Mark on the disk after 


it encounters the Index Hole for the second time it terminates the 
command, sets the Missing Address Mark (MA) flag in ST1 to 
а 1, and sets bits 7 and 6 of STO to 0 and 1, respectively. 


- Double-Density Floppy Disk Controller (ОРОС) 


"BYTE 


| Track Number (T) | 


Number of Data Bytes per Sector (N) 


Data Length (DTL) 


Result Phase: | 


Status Register 0 (STO) 
Status Register 1 (ST1) 
Status Register 2 (ST2) 


Head Number (H) 
Sector Number (R) 
Number of Data um per Sector (N) 


READ ID 

. The two-byte Read ID command returns the present position of 
_ the read/write head. The DDFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to 0 and ter- 
minates the command. 


If no proper ID Address Mark is found on the disk before the Index 

Hole is encountered for the second time then the Missing Address 
Mark (MA) flag in 571 is: set to a 1, and if по даһа is found then 
the ND flag in ST1 is also set to a 1. Bits 7 and 6 in STO are 
set to 0 and 1, respectively and the command is terminated. 


During this command there is no data transfer between DDFDC 
and the data bus except during the result phase. 


‘Command Phase: > 


| | E 


Result Phase: 


Status Register 0 (STO) | 


Status Register 1 (ST1) 
Status Register 2 (ST2) 


Track Number m 
Head Number (Н) 


Sector Number (R). 
Number of Data Bytes per Sector (N) 


ERCACIDDERERER | 
[X [x | X [x] xp HD | USt | uso 


Head Number (H) | 
Sector Number (R) 2 


End of Track (EOT) 
Gap Length (GPL) | 


Тгаск Митірег (Т) | 


ҒОНМАТ А TRACK 


The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded in either 
the double-density ІВМ System 34 format (MF = 1) or the single- 


density ІВМ 3740 format (MF = 0). The particular format written 


is also controlled by the values of Number of Bytes/Sector (N), 
Sectors/Track (ST), Gap Length (GPL) and Data Pattern (D) which 
are supplied by the processor during the command phase. The 
Data field i is filled with the data pattern stored in D. 


The ID field for T sector is supplied by the processor in - 


response to four data requests per sector issued by the ОРЕОС. 


The type of data request depends upon the Non-DMA flag (ND) 
in the Specify command. In the ОМА mode (ND = 0), the DDFDC 
asserts the DMA Request (TXRQ) output four times per sector. 
In the Моп-ОМ ОМА mode (МО = 1), ће DDFDC asserts Interrupt 
һы (ва) output four times per sector. 


The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number (T), 
Head Number (H), Sector Number (R) and Number of Bytes/ 
Sector (N). This allows the disk to be formatted with non- 
sequentia, sector numbers, if desired. 


The processor must send nëw values for T, H, R, and N to the 
DDFDC for each sector on the track. For sequential formatting 
R is incremented by one after each sector is formatted, thus, R 
contains the total numbers of sectors formatted when it is read 
during the result phase. This. incrementing and formatting con- 


_ tinues for the whole track until the DDFDC, upon encountering 
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the Index Hole for the second time, terminates the command and 


· Sets bits 7 and 6 in STO to 0. 


If the Fault (FLT) signal is high from the РОО at the end of a write 

operation, the DDFDC sets the Equipment Check (EC) flag in STO 
to a 1, sets bits 7 and 6 of STO to 0 and 1, respectively, and ter- 
minates the command. Also, a low (RDY) signal at the beginning 
of a command execution phase causes bits 7 and 6 of STO to 
be set to 0. and 1; respectively. 


Table 5 shows the relationship between N, ST, and GPL for 
various disk and sector sizes. | 


Command Phase: | 


Е 
| о ара ЕСЕ ИН 
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Table 5. Standard Floppy Disk Sector Size Relationship 


No. of Data No. of | _ Gap Length (GPL)* 


Sector Size Bytes/Sector | Sectors/Tracks Read/Write: . Format / E 
. Bytes/Sector | |. (N) (ST) | Command’. Command? | Remarks 
| | | 1B _ ІВМ Disk 1 
2А ІВМ Disk 2 


IBM Disk 2D 


„вм Disk 2D 


Notes: | МА : | 

1. Suggested values of GPL т Read ог Write Commands to avoid overlapping between Data field and ID field of contiguous sections. 
2. Suggested values of GPL in Format a Track cómmand. | 

3. In MFM mode the DDFDC cannot perform a read/write/format operation with 128 bytes/sector (М = 00). 

4. Values of ST and GPL are in hexadecimal. 


Result Phase: "A | | | the sector number is incremented (В + STP — В), and the scan 
Status Register 0 (STO) | operation is continued. The scan operation continues until one 
"Status Register 1 (ST1) of the following events occur: the conditions for scan are met 
: 9 даа (equal, low or equal, or high or equal), Ше last sector оп the track 

Status Register 2 (ST2) 


E 

LL | r high 

га | is reached (ЕОТ), or DONE is received. 
и. + 

2a | 

ы 

EO 


If conditions for scan are met, the DDFDC sets the Scan Hit (SH) | 
flag in ST2 to a 1, and terminates the command. If the condi- 
tions for scan are not met between the starting sector (as specified 
by R) and the last sector on the track (EOT), then the DDFDC 
sets the Scan Not Satisfied (SN) flag in ST2 to a 1, and terminates 
the command. The receipt of DONE from the processor or DMA 
controller during the scan operation will cause the DDFDC to com- 
| plete the comparison of the particular byte which is in process, 
SCAN COMMANDS г and then to terminate the command. Table 6 shows the status 
| of bits SH and SN under various conditions of scan. 


The scan commands compare data read from the disk to data 
supplied from the data bus. The DDFDC compares the data, and 


looks for a sector of data which meets the conditions of Depp = If SK = 0 and the DDFDC encounters a Deleted Data Address 

-Daus; Перо < Deus, ОГ Depp = Deus (D = the data pattern in Mark on one of the sectors, it regards that sector as the last sec- 
hexadecimal). A magnitude comparison is performed (FF = tor of the track, sets the Control Mark (CM) bit in ST2 to a 1 and 
largest number, 00 = smallest number). The hexadecimal byte -terminates the command. If SK = 1, the DDFDC skips the sec- 
of FF either from the bus or from FDD can be used as a mask tor with the Deleted Data Address Mark, sets the CM flag to a 
byte because it always meets the condition of the compare. After 1 in order to show that a Deleted Sector has been encountered, 
a whole sector of data is compared, if the conditions are not met, and reads the next sector. 
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Scan Equal | 


Scan Low or Equal 


Table 6. Scan Status Codes | 


зам. Status Register 20 | 


Drpp = Deus 
Drop = Deus 


Scan High or Equal 


When either the STP sectors are read (contiguous sectors = 01, Result Phase: 
or alternate sectors = 02) or МТ (Multi-Track) is set, the last ѕес- 
tor on the track must be read. For example, if STP = 02, MT 
= 0, the sectors are numbered sequentially 1 through 26, and 
the scan command starts reading at sector 21. Sectors 21, 23, 
and 25 are read, then the next sector (26) is skipped and the Index 
Hole is encountered before the EOT value of 26 can be read. 
This results in an abnormal termination of the command. If the 
EOT had been set at 25 or the scanning started at sector 20, then 
the scan command would be completed in a normal manner. 


ШІСІ: ТІС. БЕНЕН 
[3 sane пее — 
[3 [Smwnewe2Gm | 
Са [Texwmem — 
в ОО 


Sector Number (В) 
Number of Data Bytes per Sector (N) 


During a scan command data is supplied from the data bus for 
comparison against the data read from the disk. In order to avoid 
having the Over Run (OR) flag set in ST1, data must be available 


from the data bus in less than 27 us (FM mode) or 13 из (MFM SCAN LOW OR EQUAL 
mode). If an OR occurs, the DDFDC terminates the command 
and sets bits 7 and 6 of STO to 0 and 1, respectively. Command Phase: 


The following tables specify the command bytes and describe 
the result bytes for the three scan commands. 


[ [ww [se 

Е ЕЕЕ 981 | USO 

Track Number (T) 3 

Са | reaa Number) 
| 6 | Number of Data Bytes per Sector (М) 

[re | „арте — 

ә | Sector Test Process GTA) 


SCAN EQUAL 


Command Phase: 


x [x [x |x] x] o | uer [uso 


Result Phase: | та 
| 
Status Register 1 (511) | 


EM 
m 
[4 [Track Number 
HOME 
БЕЛЕ 


Gap Length (GPL) 


Sector Test Process (STP) 
Head Number (H) А 


Sector Number (В) | 7. 
Number of Data Bytes per Sector (N) 


2-149 


16565 


SCAN HIGH OR EQUAL 


Command Phase: 
| Rw |вуте| 7 | 6|5|4 3|2 | 1 | 
мм [као |+ | 
Ls [x[x1x pepe [ao | ог | ово“ 


ЕЕ | 
э _[ sector Number — 
ШЕЕТІТІСІСІІ ІСІ __ 
ШЕШЕСІ: 
ON 


Gap Length (GPL) 
Sector Test Process (STP) 


Result Phase: E 


| Status Register 0 (STO) 


МЕЕ 
[4 | _ Track Number (T) | MN 
шшен == 
i 


SEEK 


The three-byte Seek command steps the FDD read/write head 
from track to track. The DDFDC has two independent Present 
Track Registers for each drive. They are cleared only by the 
Recalibrate command. The DDFDC compares the Present Track 
Number (PTN) which is the current head position with the New 
Track Number (NTN), and if there is a difference, performs the 
· following operation: | 


If РТМ < МТМ: Sets the direction output (LCT/DIR) high 
_  andissues step pulses (FR/STP) to ће FDD 
to cause the read/write head to step in. 
If PTN > NTN: Sets the direction output (LCT/DIR) low and 
issues step pulses to the FDD to cause the 
read/write head to step out. 


The rate at which step pulses are issued is controlled by the Step 
Rate Time (SRT) in the Specify command. After each step pulse 
is issued, NTN is compared against PTN. When NTN - PTN, 
then the Seek End (SE) flag in STO is set to a 1, bits 7 and 6 


in STO are set to 0, and the command is terminated. At this point. 


DDFDC asserts IRQ. 


The FDD Busy flag (bit 0-3) in the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set 
to a 1. | 


After command termination, all FDD Busy bits set are cleared by 
the Sense Interrupt Status command. 


Track Number (T) E 


End of Track (EOT) | 


Status Register 1 (571) | | 


Double-Density Floppy Disk Controller (DDFDC) 


During the command phase of the Seek operation the DDFDC 
. sets the Controller Busy (CB) flag іп the MSR to 1; but during 


the execution phase the CB flag is set to 0 to indicate DDFDC 
non-busy. While the DDFDC is in the non-busy state, another 
Seek command may be issued, and in this manner parallel seek 
operations may be performed on all drives at once. 


No command other than Seek will be accepted while the DDFDC 
is sending step pulses to any FDD. If a different command type 
is attempted, the DDFDC will set bits 7 and 6 in STO to a 1 and 
0, respectively, to indicate an invalid command. 


If the FDD is in a not ready state at the beginning of the com- 
mand execution phase or during the seek operation, then the 
DDFDC sets the Not Ready (NR) flag in STO to a 1, sets STO 
bits 7 and 6 to 0 and 1, respectively, and terminates the command. 


If the time to write the three bytes of the Seek command exceeds 


150 ys, the time between the first two step pulses may be shorter 


than the Step Rate Time (SRT) defined by the Specify command 
by as much as 1 ms. 


Command Phase: AP 
| Rw вик? | 6 ваза то | 

w ae а го ва ага рио 
а о оят | ово“ 


New Track Number (МТМ) 


Result Phase: None. 


RECALIBRATE 


This two-byte command retracts the FDD read/write head to the 
Track 0 position. The DDFDC clears the contents of the PTN 
counters, and checks the status of the Track O signal from the 
ГОО. As long as the Track 0 signal (TRKO) is low, the direction 
signal (LCT/DIR) output remains low and step pulses are issued 
on FR/STP. When TRKO goes high the DDFDC sets the Seek 
End (SE) flag in STO to a 1 and terminates the command. !f the 
TRKO is still low after 256 step pulses have been issued, the 
DDFDC sets Seek End (SE) and Equipment Check (EC) flags in 
STO to 1s, sets bits 7 and 6 of STO to 0 and 1, respectively, and 
terminates the command. 


The ability to do overlap Recalibrate commands to multiple FDDs 


and the loss of the RDY signal, as described in the Seek com- 
mand, also applies to the Recalibrate command. 


Command Phase: 


7 каро 


ES EN 
КЕ 


хје 


Result Phase: None. 
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SENSE INTERRUPT STATUS 


Interrupt Request (IRQ) is asserted by the DDFDC when any of 
the following conditions occur: 


-. 


. Upon entering the result phase of: 

. Read Data command 

. Read a Track command 

. Read ID command 

. Read Deleted Data command 

. Write Data command 

· Format a Track command 

. Write Deleted Data command 

. Scan commands 

2. Ready (RDY) line from the FDD changes state 
3. Seek or Recalibrate command termination . 

4. During execution phase in the Non-DMA mode 


тогошфоосомю 


IRQ caused by reasons 1 and 4 above occur during normal 
command operations and are easily discernible by the processor. 
During an execution phase in Non-DMA mode, bit 5 in the MSR 
is set to 1. Upon entering result phase this bit is set to 0. Reasons 
1 and 4 do not require the Sense Interrupt Status command. The 
interrupt is cleared by reading or writing data to DDFDC. Inter- 
rupts caused by reasons 2 and 3 are identified with the aid of 
the Sense Interrupt Status command. This command resets IRQ 
and sets/resets bits 5, 6, and 7 of STO to identify the cause of 
the interrupt. Table 7 defines the seek and interrupt codes. 


Neither the Seek or Recalibrate command has a result phase. 
Therefore, it is mandatory to use the Sense Interrupt Status com- 
mand after these commands to effectively terminate them and 
to verify where the head is positioned by checking the Present 
Track Number (PTN). 


Issuing a Sense Interrupt Status command without an interrupt 
pending is treated as an invalid command. 


Command Phase: 


| Rw |вуте 7 | в | sj]a]3]2| 31 | 0 
es СС Е ЕЕ ЗА ЕЕ 


Result Phase: 


Status Register 0 (STO) 
ЕСІН Present Track Number (РТМ) 


Double-Density Floppy Disk Controller (DDFDC) 


SPECIFY 


The three-byte Specify command sets the initial values for each 
of the three internal timers. The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the 
read/write commands to the head unload state. This timer is pro- 
grammable from 16 to 240 ms in increments of 16 ms (1 = 16 ms, 
2 = 32 ms,...F = 240 ms). 


The Step Rate Time (SRT) defines the time interval between adja- 
cent step pulses. This timer is programmable from 1 to 16 ms in 
increments of 1 ms (Е = 1 ms, E = 2 ms, D = 3 ms,.. .0 = 16 ms. 


The Head Load Time (HLT) defines the time between the Head 
Load (HDL) signal going high and the start of the read/write oper- 
ation. This timer is programmable from 2 to 254 ms in increments 
of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 т5,...7Е = 254 ms). 


The time intervals are a direct function of the clock (CLK on pin 19). 
Times indicated above are for an 8 MHz clock. If the clock is 
reduced to 4 MHz (mini-floppy application) then all time intervals 
are increased by a factor of two. 


The choice of DMA or Non-DMA operation is made by the Non- 
DMA mode (ND) bit. When this bit = 1 the Non-DMA mode is 
selected, and when ND = 0 the DMA mode is selected. 


Command Phase: 


| mw | вт | 7 je js аз 2 | a | 0 
ee С ССС ee RE 
КЕСІК ee ee ШЕТ ee 


SRT — Step Rate Time 
HUT — Head Unload Time 
HLT — Head Load Time 
ND — Non DMA mode 


Result Phase: None. 


Table 7. STO Seek and Interrupt Code Definition for Sense Interrupt Status 


Status Register O (STO) Bits 


DINH EBENE RDY line changed state, either polarity | 
Normal termination of Seek or Recalibrate command 
С ЕЕЕ | Abnormal termination of Seek ог Recalibrate command 


86565 


SENSE DRIVE STATUS 


This two-byte command obtains and reports the status of the FDDs. 
_ Status Register 3 (ST3) is returned in the result phase and con- 
tains the drive status. 


Command Phase: 


Result Phase: 


[ m [т Тего Первез 19 


INVALID COMMAND 


If an invalid command (i.e., a command not previously defined) 
is received by the DDFDC, then the DDFDC terminates the com- 
mand after setting bits 7 and 6 of STO to 1 and 0, respectively. The 
DDFDC does not generate an interrupt during this condition. Bits 
бапа 7 (DIO and ВОМ) in the MSR are both set to a 1 indicating 
to the processor that the DDFDC is in the result phase and that 
STO must be read. A hex 80 in STO indicates that an invalid com- 
mand was received. 


A Sense Interrupt Status command must be sent after a Seek or 
Recalibrate interrupt, otherwise the DDFDC considers the next 
command to be an invalid command. 


In some applications the user may wish to use this command as 
а No-Op command, to place the DDFDC in a standby or no opera- 
tion state. 


Command Phase: 
| mw. [ere | те | е [а |з|г | 1 | о | 
[ w [з вв O 


Result Phase: 


| в | 1 | Status Register 0 (STO) = 80 


PROCESSOR INTERFACE 


During the command or result phases, the Main Status Register 
(MSR) must be read by the processor before each byte of infor- 
mation is transferred to, or from, the DDFDC Data Register. After 
each byte of data is written to, or read from, the Data Register, 
the processor should май 12 „s before reading the MSR. Bits 6 
and 7 in the MSR must be a 0 and 1, respectively, before each 
command byte can be written to the DDFDC. During the result 
phase, bits 6 and 7 of the MSR must both be 1s prior to reading 
each byte from the Data Register onto the data bus. Note that 
this status reading of bits 6 and 7 of the MSR before each byte 
transfer to and from the DDFDC is required in only the command 
and result phases and not during the execution ohase. 
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During the result phase all bytes shown in the result phase must 
be read by the processor. The Read Data command, for example, 
has seven bytes of data in the result phase. All seven bytes must 
be read to successfully complete the Read Data command. The 
DDFDC will not accept a new command until all seven bytes have 
been read. Other commands may require fewer bytes to be read 
during the result phase. 


INTERRUPT REQUEST MODE 


. During the execution phase, the MSR need not be read. The 


receipt of each data byte from the FDD is indicated by IRQ | low 
on pin 18. When the DDFDC is in Non-DMA mode, IRQ is 
asserted during the execution phase. When the DDFDC is in the 
DMA mode, the IRQ is asserted at the result phase. The IRQ 
signal is reset by a read (RW high) or write (R/W low) of data 
to the DDFDC. A further explanation of the IRQ signal is described 
in the Sense Interrupt Status command on page 16. If the system 
cannot handle interrupts fast enough (within 13 us for MFM mode 
or 27 us for FM mode), it should poll bit 7 (РОМ) in the MSR. 
In this case, RQM in the MSR functions as an Interrupt Request 


(IRG). If the ROM bit is not set, the Over Run (OR) flag іп ST1 


will be set to a 1 and bits 7 and 6 of STO will be set юа0 апа 


Л, respectively. 


DMA MODE 


When the DDFDC is in the DMA mode (ND = 0 in the third com- 


mand byte of the Specify command), TXRQ (DMA Request) is 
asserted during the execution phase (rather than IRQ) to request 
the transfer of a data byte between the data bus and the DDFDC. 


During a read command, the DDFDC asserts TXRQ as each byte 
of data is available to be read. The DMA controller responds to 
this request with DACK low (DMA Acknowledge) and R/W high 
(read). When DACK goes low Ше DMA Request is reset 
(TXRQ low). After the execution phase has been completed 
(DONE low or the EOT sector is read), IRQ is asserted to indicate 
the start of the result phase. When the first byte of data is read 
during the result phase, IRQ is reset high. 


During a write command, the DDFDC asserts TXRQ as each byte 
of data is required. The DMA controller responds to this request 
with DACK low (DMA Acknowledge) and R/W low (write). 
When DACK goes low the DMA Request is reset (TXRQ low). 
After the execution phase has been completed (DONE low or 
the EOT sector is written), IRQ is asserted. This signals the begin- 
ning of the result phase. When the first byte of data is read dur- 
ing the result phase, the IRQ is reset high. 


РОО POLLING 


After the Specify command has been received by the DDFDC, 
the Unit Select lines (USO and 051) begin the polling mode. 
Between commands (and between step pulses in the Seek Com- 
mand) the DDFDC polls all the FDD's looking for a change in 
the RDY line from any of the drives. If the RDY line changes state 
(usually due to the door opening or closing) then the DDFDC 
asserts IRQ. When Status Register 0 (STO) is read (after Sense 
Interrupt Status command is issued), Not Ready (NR = 1) will 
be indicated. The polling of the RDY line by the DDFDC occurs 
continuously between commands, thus notifying the processor 
which drives are on- or off-line. Each drive is polled every 1.024 ms 
except during read/write commands. 
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DIO, IN/OUT FROM DDFDC TO DATA BUS 


(MSR BIT 6) FROM DATA BUS TO DDFDC 


REQUEST | | 
FOR MASTER "E | | | 
(НОМ) | NOT | | | 
(MSR ВП 7) | READY | f 


ENABLE (02) 


READ/ ___ 
WRITE (R/W) 


— 

— 

— 
— 


[a] DATA REGISTER READY TO BE WRITTEN INTO [с] DATA REGISTER READY FOR NEXT DATA BYTE TO ВЕ READ 
DATA REGISTER NOT READY TO BE WRITTEN INTO [0] DATA REGISTER МОТ READY FOR NEXT DATA BYTE ТО ВЕ READ 


NOTES 


Figure 3. DDFDC and System Data Transfer Timing 
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АА 


89598 


READ DATA 


WRITE DATA 


WRITE PROTECT 
TWO-SIDE 

FAULT 

TRACK 0 

FAULT RESET 
STEP 

LOW CURRENT ` 
DIRECTION 


READY 
WRITE ENABLE 


INDEX 
HEAD LOAD 


HEAD SELECT 
UNIT SELECT 0. 
UNIT SELECT 1 


(оазаа) 1әподиод маја 59901 Аизиеа-эапоа 


Figure 4. R6565 DDFDC Interface to R6500 


Double-Density Floppy Disk Controller (DDFDC) 
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Figure 7. 


26565 ПП .Double-Density Floppy Disk Controller (DDFDC) 


co v WRITECLOCK Ц 
p XE WN она | 
“WRITE ENABLE |. 

(WE) 
PRESHIFT 0 OR 1 n 
PS) . 
.. WRITE DATA | 
Мод)  — 


Figure 9. FDD Write Operation Timing. 


READ DATA 
(RDD) . 


READ DATA WINDOW 
| | (RDW) 


NOTE: 2 U.C. 7/0 60.4 ИГ o5 
22 EITHER POLARITY DATA WINDOW IS VALID. ` 


Figure 10. FDD Read Operation Timing 
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96565 === Double-Density Floppy Disk Controller (DDFDC) 


. USO, US1 


^L STABLE m 


____БЕЕК_ 
(RW/SEEK) 


DIRECTION | 
(LCUDIR) ____ а ___ 2) Y 


STEP . 
(FR/STP) 


"lel 


Figure 11. Seek Operation Timing 


FAULT RESET 


(FR) . 


Figure 12. Fault Reset Timing | 2000. 5 s 5 — ^ » Figure 13. Index Timing | 


_ Figure 14. DONE Timing | И " | Figure 15. RESET Timing. 


INPUT/OUT - TEST POINT - | LIO ап TEST POINT. 


2.0V ^ / 2.0V ` 


0.8V. — 0.8V | | / X0.65V 0.65У 


INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45 V FOR CLOCKS ARE DRIVEN AT 3.0V FOR A LOGIC “1” AND 0. зу РОВ А 
A LOGIC “0; TIMING MEASUREMENTS ARE MADE АТ 2. ov FOR LOGIC “0” TIMING MEASUREMENTS ARE MADE АТ 2.4V FOR A 
A LOGIC “1” AND 0.8V FOR A LOGIC “0. LOGIC “1” АМО 0.65V FOR А LOGIC "о" 


Figure 16. АС Timing Measurement Conditions 
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© AC CHARACTERISTICS PN е 5 
(Voc = 50 Vde £596, Vss = 0 Мас, ТА = 0910700) и : | 


ара Ге Ра 
| Fig. Typ. Conditions 
T | o| ta | o | 80 | 1255 | — [ns | 
| 4 | Соскеатте |соо|ӨФ | — | — | — |. 
| 6 |G2Cocktow ам | 20 | — | — № 
„7 | 92 Clock High | ton | teon | 220 | — | — _| ne | 
Ге | Address Hold Time | КТШ ЕСЛИ =. ЕЕ 
} 10 | | — | 250 в 
“12 | 12 | Data Hold = | taxox | tu. | 100 | — | — Ions | 
iem | tà | 10 | — | — [ns | 
| их | m | 10 | — | — | ns | 
| 19 | DONE Delay Time ор) | ко | — | — | 210 Js | 
[21 [WCKCycleTime — —  — [wv | ty | — | moet | — | os | 
| 22 [WCKHighWidth tt, | о | 8 | 20 | 350 |ns 
| | ev | te | 20 | — | 100 | ms | 
| 26 | Р50, PS1 Мана to WDA High (Delay) | twon | ко | 20 | — | 100 | | 
|27 | WDA High Width | toux | ww | ен-50| — | — | ns. 
| 28 | WE High to WCK High or МЕ Low to WCK Low | ten | ме | 20 |. — | 100 | ns | 
[30 | RDW Cycle Time — — — — — — — — | twy | му | — | noe2 | — || 
| 31 | RDW Valid to RDD High (Setup — | twm | two | 75 | — | — [№ 
| 32 | RDD Low to RDW Invalid (Hold) —  — ^ — | им | tw | 15 | — | — |n) 
| 33 | RDD High Width |а) lap | 4 | — | — |n] 
| 35 | USO, US1 Valid to SEEK High (Setup) | twsa | us | 12 | = | — | ps | 
| 36 | SEEK Low to USO, USt Invalid (Hold) | ^ | ш | бо | 15 | — | — |. 
| 37 | SEEK High to DIR Valid (Setup) |у | бо | 7 | — | — |. 
| 38 | DIR invalid to SEEK Low (Hold) — ыры | ts | 3 | — | — |). 
| 39 | DIR Valid to STP High (Setup: — ^ | tym | tos | — ! | — | — || 
© [40 | STP Low to DIR Invalid (Hold) | | 2 | — | — |4. 
| 41 | STP Low to USO, USt Invalid (Hold) _ [tux | tw | 5 | — | — [ев | 
_ [42 |STP High Width zi (тп | tse | 6 | 7 | — | ss | 
| 43 | STP Cycle Time — қү | бе | 33 | — |гоөЗ | ys | 
“ы | x | 00 | — | — [tw | 
| "un | te БЕРЕГЕН = БЕРЕН ЕСЕ 
| зу ЕС ГЕ 


2. Ғог МЕМ = 0: Тур. -2 pS | 
Рог МЕМ = 1: Тур. = 1,5 | 


3. tsc = 33 из min. is for different drive units. In the case of the same unit, | 
tsc can range from 1 ms to 16 ms with 8 MHz clock period, and 2 ms 
to 32 ms with 4 MHz clock, under software control. 
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ABSOLUTE MAXIMUM RATINGS* 


[Parameter | Symbol | vawe [бй] 
input Voltage “020 +70 


Output Voltage | – 0.310 +7.0 
Operating Temperature Range ЕЛЕНЕ 0 to +70 
Storage Temperature Range Тете – 55 to + 150 | с° | 


OPERATING CONDITIONS 


Voc Power Supply 5.0V +5% 
Operating Temperature 0°C to 70°C ` 


DC CHARACTERISTICS 


Double-Density Floppy Disk Controller (DDFDC) 


*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in other sec- 
tions of this document is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect device 
reliability. | | | 


(Усс = 5.0 Мас +5%, Vss = 0 Мас, TA = 0°С to 70°С, unless otherwise noted) 


Input Low Voltage 
Logic 
CLK and WCK 
Input High Voltage 
Logic | 
CLK and WCK 


Output Low Voltage 
Output High Voltage. 


Vcc Supply Current 
Input Load Current 

| All Inputs 
High Level Output Leakage Current 
Low Level Output Leakage Current 


Internal Power Dissipation 


CAPACITANCE 
(ТА = 25°C; f, = 1 MHz; Vcc = OV) 


[Parameter | Symb | maximi | Unt | 
cema | са | m | 
| Output | Сл | = | в | 
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Voc = OV to 5.250, Мас = OV 
_ Vout = Мес 

Voc = 0V to 5.25V, Vss = 0V 

Vour = +0.45V 


R6565- 
PACKAGE DIMENSIONS _ 
2222 40-PIN CERAMIC DP 0 


| | РВИ : 


Er EE SEPT 
| 5 


____Рошћ!е-Оепзну Floppy Disk Controller (DDFDC) 


MILLIMETERS| INCHES | 
| MIN | MAX | 


EATING PLANE. A E 


` 40-PIN PLASTIC DIP 


| | MIN | MAX | MIN | 
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Rockwell | 


INTRODUCTION 


The Rockwell R6592 is a single-chip printer controller for 
eight different EPSON* dot-matrix impact printers, models 
210, 220, 240, 511L, 512, 522, 541L, and 542. The R6592 
offers the flexibility to support any of these models with a 
minimum of circuitry. Generation of 96 standard ASCII 
upper and lower case characters and 6 special characters 
is provided. іп addition, up to 10 ASCII control commands 
are accepted, depending upon the printer. Logic is included 
in the R6592 to print up to 26 columns on the 210, 220, 
and 240 models, and up to 40 columns on the 511L, 512, 
522, 5411 and 542 models. 


Input data may be selected to be in the RS-232 serial for- 
mat with selectable baud rate from 50 to 7200 bits/second 
or the parallel format. External circuitry is required to con- 
vert RS-232 logic levels to R6592 interface logic levels. An 
external latch may be required for the R6592 to sample 
parallel data. № both selectable serial and parallel! data inter- 
face capability is desired, two external multiplexers are 
required; one to combine four serial baud select lines and 
four parallel data interface lines into four R6592 input lines 
and the other 10 combine two serial data/control lines and 
two рагаће! control lines into two other R6592 input lines. 


"ЕРЗОМ is a trade name of Shinshu Seiki Co., Ltd., a 
member of the Seiko Group. EPSON printers are distributed 
in the United States by C. Ноћ Electronics, Inc. The R6592 
meets the printer specifications listed in this data sheet. 


FEATURES 

e Controls EPSON Dot-Matrix Impact Printers: 
Model 210 Model 512 
Model 220 Model 522 
Model 240 Model 541L 
Model 511L Model 542 _ 


• Minimal Support Circuitry Required 
• On-Chip 5 x 7 Dot-Matrix Character Generation 


e 96 Standard Upper and Lower Case ASCII Characters 
(7 Bit Code) | 


Document Мо. 29000058 


R6592 
R6500 Microcomputer System 


R6592 


SINGLE-CHIP PRINTER CONTROLLER 


• Six Special ASCII Characters (7 Bit Code) 
• Up to 10 ASCII Commands Accepted (Printer Dependent) 
• Selectable Serial or Parallel input Data Operation 


• Centronics Standard Parallel Interface 
— Seven Data Lines Plus Data Strobe and Input Drive 
input | 
— Busy апа Acknowledge Output 


e RS-232C Serial Interface 

_ — Baud Rate from 50 to 7200 Bits per Second 
— Received Data and Data Set Ready Input 
— Data Terminal Ready Output 


е Single + 5V = 10% power supply 


• 40 pin plastic or ceramic DIP 
e 1 MHz operation (2 MHz external crystal) 


VRR 
PCL3 
PCL2 
PCL1 

NC 

PM1 

SER DET 
ACK 
BUSY/DTR 
XTLI 
XTLO 
vss 
MDS 
PS7 

Р56 

Р55 

Р54 

Р$3 

Р52 

PS1 


УСС (+5 Мас) 
НЕ5 
РТА ТІМ 
DS/RSD 
SER SEL 
PM2 

| PM3 
RR 

| RL/RL 
vcc 
DL1 
DL2 
DL3 
014. 
015 
DL6 
DL7 
INP/DSR 
SER CLK 


Oona atk ом ~ 


м P А а а 2 .ал-- 
OO фо ч OO жь о һю - O 


86592 Pin Configuration 


Data Sheet Order No. D58 
Rev. 1, August 1983 


96592 


SERIAL | 
_ INTERFACE 
(Я$ 232) 


SERIAL 
INTERFACE | 
LOGIC | 


| SERIAL 


"PARALLEL 
INTERFACE 
LOGIC | 


PARALLEL 
INTERFACE 


(CENTRONICS)| INPUT 


PARALLEL 


| |cHARACTER 
| |РВЕВЏЕРЕВ 


2 MHZ 
CRYSTAL | 


SERIAL/ 
PARALLEL 
| SELECT 


"RESET 


SWITCH © | BUFFER 


| CHARACTER 


„| | LINE DATA 


| NON-PRINT 


CONTROL 


. CONTROL | 


Single-Chip Printer Controller 


MAGNET 


COMMAND DRIVERS 


MOTOR 
DRIVE 
CIRCUIT . 


PRINTER 
MOTOR 


CONSTANT 
CURRENT 
SOLENOID 
DRIVER 


TIMING & 
DIRECTION 
MONITOR 


PRINT : 
` SWITCH 


PRINTER | 
‘MODEL 


R6592 Interface Diagram 


INTERFACE SIGNALS 


. PRINTER SOLENOID 1 (PST) 


PAINTER SOLENOID 6 (Р56) 


Active low output signals used to command seven constant 
current print head solenoid: drivers. When low, the respec- 
tive solenoid will be energized to print a dot; and when | 
high, the solenoid will be de-energized to not print a dot. 
Each solenoid line corresponds to a dot position on the 
seven row print head. Line. PST corresponds to the top dot 


and PS7 corresponds to the bottom dot. The output lines. | 


are activated by the positive edge of the timing signal 
(ТІМ). Тһе TIM signal should also be used to gate PS1 
through PS7 to the current drivers and to de-energize the.. 
current driver inputs within 600 +20 изес. of the start of the 
un signal by means of a one- Snot flip-flop. | 


PRINTER CONTROL LINE 1 (РЕП) 
PRINTER CONTROL LINE 2 (PCL2) 
PRINTER CONTROL LINE 3 (PCL3) 


Active low output control lines used to issue various non- 
print commands to the printer. These lines are inputs to 
- 24V drivers. When low, these lines cause magnets to ђе 
energized in the printer; when high, the magnets. are to be 
de- -energized. These lines are assigned to specific signals | 


depending upon printer model: 


R6592 Signal Мате - B 


МА. | Рарег Реед Change Color 

Paper Feed (А) | Paper Feed (L) 

NA Paper Feed Slip Release 

NA Paper Feed МА |. 

NA Paper Feed МА | 

Paper Feed (В) | Paper Feed (|) .| Stamp and Cut Paper 
NA Paper Feed | Paper Release 

МА. 


Paperi Feed | Paper Release 


= Not Assigned 


TIMING (TIM) | 
RESET LEFT (RL/RL) 


_ RESET RIGHT (RR) 
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Input signals used to indicate print cycle Timing. The R6592 
initiates a print cycle on the leading edge (positive transi- 
tion) of the TIM signal information to the Н6592. Тһе НЕЗЕТ 
signals аге active low for the 500 series (RR апа RL) and 
are active high for the 200 series (RL). The printer timing 
and reset lines are assigned as follows: 


R6592 Signal 


R Detector (RL) 
R Detector (RL) 
R Detector (RL) 
Reset Signal R-L 
(RL) 
Reset Signal R-L 
| (RD 
Reset Signal R-L 
(RL) 
Reset Signal R-L 
| (АЦ 
Reset Signal R-L 
(RL) 


Printer 
Model 


T Detector 
T Detector 
T Detector 
Timing Signal 


| а 
МА 
МА 


Reset Signal А-А 
(RR) 

Reset Signal R-R 
(RR) 

NA 


Timing Signal 
Timing Signal 
Timing Signal 


Reset Signal R-R 
(RR) 


Timing Signal 


See Detail Timing Diagrams in Printer Specifications. 


MOTOR DRIVE SIGNAL (MDS) - 


Active low output signal used to control application of power 
from a driver circuit to the printer motor. When high, the 
motor drive is turned off and when low, the motor drive is 
turned on. The driver circuit for the 500 series must supply 
10 to 30 ma at TTL levels. The driver circuit for the 200 
series must additionally provide motor braking. 


PRINTER MODEL 1 (PM1) 
PRINTER MODEL 2 (PM2) 
PRINTER MODEL 3 (PM3) 


Encoded input lines used to determine which printer model 


is connected to the R6592. A connection to GND (low) 
causes "0" to be read. An open input (high) causes logic 
“1” to be read. The encoding for the printer model is: 


Printer Model Line 


Printer 
Model 


mE ] 


~ ~ ~ > ОӘО OOO 


А -оо--оо 


PRINT (РАТ) 


Active low input line ивей їо command R6592 to print a 
line. When low (GND) print commands will continue to be 
issued. If the print buffer is partially filled, a line will be 
printed. Line feeds will subsequently be issued while PRT is 
low. When high (open), print commands will not be issued. 
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SERIAL SELECT (SER SEL) 


Active high input line used to indicate the desired data trans- 
mission mode to the R6592. When high (open), input data 
will be received and processed from the serial interface. 
(RS-232C). When low (GND), input data will be received and 
processed from the parallel interface (Centronics). 


If both transmission modes are to be implemented (but not 
simultaneously), the SER SEL line should be used to select 
either serial or parallel signals through multiplexer circuits. | 
either serial or parallel data transmission is exclusively 
used, multiplexing of the indicated serial/parallel signals is 
not required. 


DATA LINE 1/BAUD RATE 1 (DL1/BR1) 

DATA LINE 2/BAUD RATE 2 (DL2/BR2) 

DATA LINE 3/BAUD RATE 3 (DL3/BR3) 

DATA LINE 4/BAUD RATE 4 (DL4/BR4) 

Active high input signals used as parallel data lines if paral- 
lel data transfer mode is selected, or used as baud rate 
select lines if serial data transfer mode is selected. 


If parallel data transfer mode is selected (SER SEL = low) 
these lines represent four of the seven total data lines (see 
below). DL1/BR1 represents the least significant bit when 
ASCII characters are decoded. If serial data transfer mode 
is selected (SER SEL - high), the data transfer baud rate 
in bits per second is: | 


| Data Line/Baud Rate Line | 
Baud | DL4/BR4 | DL3/BR3 | DL2/BR2 | DL1/BR1 


—-—————0Ooo0o000000 
ос = о о = -— о о ~ о о 


о-о>о-о-"о-=о>о-=ољо 


Note: 1 = High (open), 0 = Low (GND). 
*Data cannot be sent to the R6592 while the print head is 
moving. 


DATA LINE 5 (DL3) 
DATA LINE 6 (DL4) 
DATA LINE.7 (DL5) 


Active high input signals used as data lines when parallel 
data transfer mode is selected (SER SEL - low). DL7 rep- 
resents the most significant bit (MSB) when ASCII charac- 
ters are десодед.. Not used when serial data transfer mode 
is selected (SER SEL = high). | | 


R6592 


INPUT PRIME (IP/DATA SET READY (DSR) . _ 


^ «Input line multiplexed between a parallel communications 
control line (INPUT PRIME) and a serial communications 
control line (DATA SET READY). | 


| ће parallel data transfer mode is selected (SER SEL = 

2 low), this line is assigned to INPUT PRIME (IP). When 
| ПРОЗА. is high, the R6592 issues prints commands to the 

printer in а normal fashion. When. 1P/DSR is low, the R6592 

will disable printing. This line сап, therefore, be used as a 

print disable xx to selected printers in a Шаршы S 

tem. | | 


# the serial data transfer mode is selected (SER SEL 
high), the line is assigned to DATA SET READY (DSR). 
When high, DSR indicates that the transmitter is operative 
апа the R6592 will accept. даа. When low, DSR indicates 
that the transmitter is not ready to аи апа те: R6592 
will not accep! serial data. 


DATA STROBE (SyRECEIVED SERIAL DATA (RSD) 


Tu Input іле multiplexed | m a саан. communications | 


An control line (DATA STROBE) and the: Serial communications | | 


data line eee SERIAL а 


If the parallel data ай ыг mode: is завава (SER SEL - 
low), this line is assigned to the DATA STROBE (DS). 
When DS goes low, the R6592 detects the negative transi- 
tion, and samples the data on the parallel data lines. The 
data must be present on the data lines for at least 50 usec 
after DS goes low. 


Н the serial data transfer mode is selected (SER SEL = 

high), the line is assigned to RECEIVED SERIAL DATA 
(RSD). The data is processed in accordance with the selected 
baud rate. The data must by converted from RS-232 logic 


levels to R6592 logic levels. The 86592 logic state is inverted 


from RS-232 on state. 


BUSY DATA TERMINAL READY (BUSY/DTR) 


Output line y multiplexed. between a parallel communication 
control line. (BUSY) and a serial communication control line 
(DATA TERMINAL READY). | | 


If the parallel data transfer node is selected (SER SEL = 


low), this line is assigned to BUSY. When high, BUSY indi- р 


cates that the R6592 cannot receive data. When low, BUSY 
indicates that the R6592 is ready to receive data. BUSY is 
switched high during character print and while non-print 
commands are being processed. 


if the serial -data transla mde is огей (SER SEL 


hi ig h), this line is assigned to DATA TERMINAL READY 


(DTR). When high, DTR indicates that the R6592 cannot 
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receive data. When low, | DTR indicates that the R6592 is. 
ready to receive, data. DTR is switched high. during character | 
print and while non-print commands are being processed. 


ACKNOWLEDGE (ACK) 


Active low output signal used to inform the parallel data trans- 
тег that ап input character has been received. АСК is 
switched low for 5 рвес to indicate receipt of а character. 


SERIAL CLOCK (SER | CLK) 


A bi- directional line used to detect the start. of the received 
serial data and to then clock in the serial data bits. When 
DET ENA is low, this line. monitors the input serial data 


Stream for the start bit. When the leading (falling) edge of 


the start bit is detected, the. DET ENA is switched high and 
this line is switched to an output. Output pulses are gener- 
ated on this line to clock the received serial data into the 


Н6592 а! ше selected baud rate. 


SERIAL DETECT ENABLE (DET. ЕМА) | 


Active high output used to enable the Қызда: serial data 
onto the SER CLK line. Upon detection of the received 
serial start bit, this line is switched low to disable the 
received serial data from being placed оп the SER СК. 


line. 


PRIMARY POWER (мес) 


А6592 ритагу ромег Те +5\ + 10%. 


Supplies power 
to CPU, /О, timer and supporting circuitry. ~ > 


ВАМ РОМЕН (УРА) 

86592 . ВАМ ромег а 35V + 10%. ‘Supplies power to 
the internal R6592 RAM. This line snould be connected to 
vec power supply. 

SIGNAL GROUND (VSS) 

В6592 power and signal ground. E 


XTLI . 


Input from 2 MHz crystal. 


XTLO 
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Output to 2 MHz crystal. 
RESET (RES) 


Active low signal used to reset and. initialize the R6592. 
Must be held low for at least 8 psec after VCC reaches 


operating voltage and the clock. frequency | on XTLO has 


stabilized. 


96592 0 


Standard 96 Character 5x7 Matrix Dot Patterns 


20 21 22 
соооо осаоо овово 
200089 00800 e] af fa) 
anggon aoeoo айпа 
g00o00 onana јајејвјеја 
е [еги јаја aooaoaQ СОООО 
aoooo особо осово 
00000 ге[е[ [ија осо0по 

28 29 2A 
осово goooQg 
(afal Jafa] ЕЕ 00800 
8000 одсео 80808 
Ogooa опово at fT Ta] 
саооо eala] Ta) BOSUS 
осепо lela] Tafa) осепо 
спсовоп сапсп ооова 

30 31 32 
сес је] | | је 
вопов овар саг 
20088 вовос 00008 
ясаов осаоо босео 
Г | опесо севоо 
eoods повос aoooo 
сапап TEEL TO 

38 39 3A 
је | [ је овевс 90000 
aooos [== | ооооо 
WOOON e0008 ссасо 
a] | I Jej овеве ооооо 
5505 бю 88998 
овешо ТТ {== nasoo 

40 41 A2 
свево eee 
BOODE posag НЕЕ 
асова восов .woocoms 
·вовов 7 TITT 
BOBSS асосе s0008 
есопо вопов maoos 
aesaeo вобов Lil] je 

48 49 4A 
шаппа освве 
BODOS BORD ooasa 
вопсе оовас |» јаје] Ta) 
angan 00800 (ajele! [o] 
sonce . fala] Tafa] ооово 
асосе 00800 SOONO 
soOOUOSN = | [| оввоо 

50 51 52 
LLL T dul сваво шваво 
aooos | 80008 
воооа eooos socos 
вввао acoos ТГ Ја 
еспоп апапш mosoco 
зсосо BOOSO аспас 
goood сааса вооов 

58 59 БА 
асосе ogos СТ 
E0008 обоа опоспе 
овово аооов совао 
09800 Osseo об 
MEME NEP. 
воосоа аовсо вене 

60 61 62 
оспао папа в2оооо 
осо0по асса воооо 
сасас саяса зовасп 
сапао аоосво веоса 
аспап eogoso as 
ogoogo воово в000е 
0008 овева оввес 

95 69 6A 
восоо оовоо оовоо 
воооо 00000 agonoQ 
апшоп пашпп ooscao 
заосео апапо pogon 
воово оовоо ele! Tele; 
| isle] fe] оовов абаоо 

00080 овооо 

70 "^ 72 
aao папой 
севос papon 09000 
асаво овооа асве 
Tete] Te] саоов весов 
aesco повев еоооо 
0000 | 0000 воосоо 
#0000 оса H асооа 

78 79 7А 
сосоо goood 
80896 99999 00005 
восов восаор зона 
osgan асово осово 
оовоо певао Qasoo 
овово cacao овооо 
воооса anaon ан... 


Special 6 Character 5x7 Matrix Dot Patterns 


5A 5B 5C 
| alele] | aa 
08080 99009 НЕЕ 
ojal [ojs] оеооо "OBSS 
спавао несе асова 
oo800 овооо [е] Г 
сеавао ogogo освоос 
00800 савап OOBBE 
YEN POUND ONE-HALF 


23 24 
сапап 
08050 PET 
LLLI 21) 1215) 
овово овево 
TIT 00808 
08080 TTT Ta] 
[а] |ә) |в) 60900 
28 2С 
00600 gogoo 
00800 20000 
00800 00000 
сене 00000 
ровоо овооо 
00800 овобо 
00000 #0000 
33 
ТТТ 1» осово 
OODOR оовес 
00080 (af Je] Ta] 
совос S0080 
00080 ЕТІ! 
сооосв 00080 
S0000 00080 
3B 3c 
09900 
99000 06800 
08000 080060 
900990 80000 
овобо овооо 
сеоба 00800 
аопоо ' босове 
43 44 
сапап шансо 
== | 90000 
ассос BOOON 
80000 =осоав 
#0000 Пере 
#0008 #0080 
санап COLI) 
4B ас 
вссов 80000 
восао s0000 
20800 асопо 
васос асопо 
20800 20000 
аспап #5000 
#0008 TLO 
53 54 
ТТТ] an 
80000 ЫЧ 
ипппп сабаса 
јој ] ] је gosoa 
aoadoos оовоо 
ооообе aosoo 
CCLI OOBOO 
5B . BC 
L LT Tero] 
#0005 B0000 
wooga овосо 
асооо 00800 
sooo 00080 
#0000 DOOON 
Li 200 асаба 
63 64 
gogog сопоа 
90000 90008 
00880 овесе 
s0000 аспен 
в8оооо #0008 
woodo BODOB 
овешо Сайан 
6В 6С 
s0000 
#0000 E HIS 
S0080 осесо 
всесо 05800 
весоо 00800 
BOBOO 00800 
аппаа 00885 
73 74 
90000 сеосо 
00900 йашап 
OBNNO OBOOO 
#0000 08000 
08900 08000 
ооово сабое 
EBBOD 00880 
7В 7C 
соойо освос 
осесс [afa] Jola] 
oosoo 0086060 
Ге] Гајаја aoaoa 
соасо 00805 
осеоо 00800 
00080 09800 
5D 6 БЕ 
DOO овово 
[afa] [afa] оввво 
oj T T Ja OBOBO 
20800 BEBE 
OIM == 
00800 55858 
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-25 26 27 
аа оовоо обово 
ЧЧ ЕН овово освоо 
ооово at s] Te овооо 
aja} Tafa) овесо oQocon 
08000 аоеаса 00000 
восе BOONO ооооо 
ROOS повеса 20008 
20 2Е 2Е 
oo 0000 oponas 
89988 соово оооов 
gagao ooooo јеје је] |=] 
TITT ооооо fate] Tefa] 
00000 00000 af [afefe] 
попоо DOOOD апосо 
ooog aoocoo 20006 
е DA PLAN 
ae па т 
нее ов000 оооов 
авещо aocoo o0080 
00000 вес осепо 
ooops | јејв [= | овооо 
BOOOB 20008 раооо 
оввао oeaso овоосб 
30 ЗЕ и. 
aoooog agooo паш 
оовоо осепо васов 
ТГ. aooso 00008 
00000О 0ооов ооово 
eases ajala Ja] 0800 
aocaoo јео] јеје) aoaoo 
ooano шапап ooeco 
45 46 а 
Т 11 о 
НЕ весопо 20008 
80000 аспас #0000 
ТЕ авево асова 
шпасо @oooo восов 
исооо s0000 Тете је] 
ава eoooo fart] |] 
4D ДЕ uus 
пов SOOOS ова 
Ер [ | =] | ODOS 
[= ]=] | BEOCOR DOON 
всвов BOSORN вовоса 
[=] ==] | ГГ: шоопе 
aacooms асова #0008 
50008 scoocmsR оавао 
55 56 57 
шосов восов воооа 
| Јеје [9] ] 80008 асоба 
носов аооов спо 
mooos [=] [=] |=] овса 
епоса сапап BONOSN 
BOOOS оовоо "| [1 ] ] 
савап боасоа вобов 
5D 5E 5F 
оовва соаоп 20900 
ОВ Saeed овопо 
aogom BOSCO oo000 
00000 освос oaoaog 
осопе [=] =] [ala] onoono 
oooos (afal Jofa] 00000 
обаве јој јој ваза 
65 66 à 67 
ова 9000 
50589 Баве пайда 
si T T Te] aeooo ставо 
есосо авасо BOOOSR 
sana" OBODO oases 
всаоо овооо o0008 
савио оаооо =] |] |=] 
eD 6E бЕ 
аспоо 00000 goaoog 
00000 ооооо ооооо 
Г: аваоо певес 
асвов асово moooa 
ЕКЕН НЕЕ 
BCSOB аспас aseso 
75 76 77 
ососо јејеје јаје] восоо 
59058 соооо опаоо 
BOOSO BOOOS #0008 
есово aocoos Је] "ЈГ ] 
ое бш | 22258 
Г] 
88855 OONOOG 85505 
_ 7D 7Е 
asooo 00000 
оовос ROBADO 
(mfal Tafa] сасоа 
осово опо0по 
00800 опо0по 
aosao 00000 
овооо осоаав 
БЕ 
овево 
ооаоо 
sogos 
OBOBO 
ela] Jaja) 
овово 
вобов 
ТАХ 
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R6592 Internal Data Format for 7-Bit ASCII Table 
С Character Look-Up | 


Received Parallel Data 
| Bit Assignments 


`{ Received Serial Data 
"Ви Assignments 


Data Value 


For АЗСИ Table Look-up 


- -ч 


~~~ | NX KS < скочат 


= £r х|ј--топјтооф»о 
3 — ж |— — sa | Ф оо са 


B 
Q 
Е 
в. 
ти 
уу 
X 
Y 
7 
[ 
\ . 
] 
|. 


>: 
1 


о 


КЕ — Line Feed | _ CAN — Cancel. 
VT — Vertical Tabulation | Ж — Үеп 

ЕЕ -- Form Feed — Роипа 
СВ — Carriage Return -- Cent. 
DC1 — Device Control 1 _ — One-Half 
DC2 — Device Control 2 
DC3 — Device Control 3 
DC4 — Device Control 4 


— No Tax. 


4 Tax 


Note: Valid control commands are dependent upon printer model. 
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PARALLEL DATA INTERFACE pusy 
| ae BUSY RET 


INPUT PRIME 
INPUT PRIME RET 


DATA STROBE 

DATA STROBE RET 
ACKNOWLEDGE 
ACKNOWLEDGE RET 


DATA 1 


DATA 1 ВЕТ |2 | 
DL2/BR2 


| DATA 2 
| | DATA 2 RET | ET 
| | DL3/BR3 
"МОТ REQUIRED IF PARALLEL DATA | : 


DATA 3 


IS HELD FOR >50 „$ AFTER LEADING DATA 3 RET ш. 
EDGE OF DS OR UNTIL АСК IS RECEIVED. | LA DL4/BR4 
DATA 4 
DATA 4 RET 


DATA 5 
DATA 5 RET 


DATA 6 
DATA 6 RET 


DATA 7 
DATA 7 RET | 


DATA 8 | R6592 INTERFACE | 
РАТА 8 ВЕТ 


CENTRONICS PARALLEL INTERFACE 


PARALLEL DATA TIMING 
LLL T ах — 
INPUT PRIME (IP) vod es | Posi | 

| | -4-—-----46- Че -+4--- 


DATA STROBE (DS) 


| oo ——— 


50 „5 (MIN)* E 


PARALLEL DATA (DL1-DL7) | 22 (б; ФА | | T T | | 
5,5 | ч А | | 
(ТУР) 


" бор, 


*OR UNTIL ACK IS RECEIVED. | 


-- ACKNOWLEDGE (АСК) 
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SERIAL DATA INTERFACE = 2 __ОЕТЕМА__| 


-SER CLK _ 


RECEIVED SERIAL “| 05/850 
DATA (RSD) | | 


oo | IP/DSR 
DATA SET READY (DSR) 


DATA TERMINAL READY (DTR) бін | =_= BUSY/DTR 


—— 


RS-232 INTERFACE | а 86592 ІМТЕНҒАСЕ 


„ SERIAL DATA TIMING 


с — | ——— 
DATA SET READY (DSR) 


<Е Е + --- 


SERIAL DETECT ENABLE (DET ЕМА). 
SERIAL CLOCK (SER CLK) КЕ | | 


7 BIT CODE DATA ed tt | | | t 


RECEIVED SERIAL DATA (RSD) ae pO -з-4-< mE 


RECEIVED SERIAL DATA (RSD) 


_ START BIT. Sang 
| E— 7 BIT CODE sk PARITY BIT AND 
RECEIVED DATA BITS 2 OR MORE STOP BITS 


DATA TERMINAL READY (DTR) э ЖУ Жү аи v | | | 
DATA TERMINAL READY (DTR) | | P | 
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PRINTER INTERFACE SPECIFICATIONS 


The R6592 is designed to meet the interface requirements | Рог further printer information, contact: 
stated in the following pamer specification: 

| | EPSON America, Inc. 
Model-210 Impact Dot Matrix Mini-Printer (Preliminary) Ee 23844 Hawthorne Blvd. Ltd. 


Rev. 4, AUGUST 30, 1978 B Torrance, CA 90505 
| um л Phone: (213) 378-2220 
"Моде!-220 Impact Dot Matrix Mini-Printer, TWX: 910-344-7390 


SEPTEMBER 18, 1978 inus is | 
| С. Кон Electronics, Inc. 


Model-240 Impact Dot Matrix Mini-Printer, | 5301 Beethoven Street. 

SEPT EMBER 18, 1978 Los Angeles, Calif. 90066 
Phone: (213) 390-7778 

Model-511L Impact Dot Matrix Printer (Enlarged Character) . Telex: WU 65-2451 


Revision 1 JULY 13, 1978 Зу s 
| С. Itoh Electronics, Inc. 
Моде! 512 Dot-Matrix Impact. Printer (PB12DF), | | 280 Park Avenue 


APRIL 10, 1978 P New York, New York, 10017 _ 

| М Рһопе: (212) 682-0420 
Моде! 522 Dot-Matrix Impact Printer (P522DF), Telex: WUD-12-5059 
MARCH 1, 1978 


Model 541L Impact Dot Matrix Printer (Enlarged Character), 
Revision 1, July 19, 1978 


Model 542 Dot-Matrix TUNE Printer (P5490 
MARCH 1, 1978 
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ABSOLUTE MAXIMUM RATINGS* 


"NOTE: Stresses above those listed may cause permanent 
_ damage to the device. This is a stress rating only and functional 


дды : | | operation of the device at these or any other conditions above 
Input Voltage those indicated in the other sections of this document is not 
A 


Output Voltage | Мол | -0.3 to Voc «0.3 | Мас implied. Exposure to absolute maximum rating conditions for 


Operating Temperature T Жу e. а RB extended periods may affect device reliability. 
Commercial 010 +70 Nx E T 


Industrial —40 to +85 


Storage Temperature -55 to 4150 


STATIC DC CHARACTERISTICS 
(Мос = 5.0V 21096) 


Parameter | 


Power Dissipation (Outputs High) 


Input Leakage Current 
' Vin = 0 to 5.0 Мас. 
RES | 


Input Low Current | 
(Уі = 0.4 Мас) 
Output High Voltage 
(Vec = min, і, оаа = - 100 „Адс) 
Output Low Voltage 
(Чес = тіп, | ова = 1.6 mAdc) 
Output High Current (Sourcing) 
(Мон = 2.4 Мас) | 
Output Low Current (Sinking) 
(VoL z 0.4 Мас) 
Input Capacitance | 
(Ма - 0, TA = 25°C, f = 1.0 MHz) 
Pins 2-9, 13-29 and 31-38 
XTLI, XTLO 
Output Capacitance | 
(Ма — 0, Ta = 25°C, f = 1.0 MHz) 
Note: Negative sign indicates outward current flow, positive indicates inward flow. 
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PACKAGE DIMENSIONS 


, (93MM) | 


“БОТ OR NOTCH Bose ум” Ті 
. ТО LOCATE ыы oe ee Ч 10* MAX 


PIN NO. 1 | mes RD p | 
(15.24 ММ). (15.11) 0.595 И \ 
20 "EC 


o7 (4.82 мм). 


_ 0.310 МАХ | 2 
(7.87 ММ) | 


0.100 MIN. 
(2.54 ММ) 


40 


ue ЖО ыыы. (1.65) 0.065 
25 | 1.01) 0.040 TYP. 


0.010 мм 

m (0.25 MM) | 
2.020 МАХ ORI died 
(51.30 MM) ^ 


| . (1.910) (48.51 мм) DE 
(1.890) (48.00 ММ) . 


19 EQUAL SPACES | 
0.100 @ TOL NONCUM. 
(2.54 MM) 


NOTE: PIN NO. 1 IS IN LOWER LEFT CORNER WHEN SYMBOLIZATION IS IN NORMAL ORIENTATION. 
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R65560 


_ MULTI-PROTOCOL COMMUNICATIONS - 
CONTROLLER (MPCC) | 


PRELIMINARY 


с DESCRIPTION 


The R65560 Multi-Protocol Communications Coritroller (MPCC) | 


interfaces a single serial communications channel to а.6500/ 


6800 microcomputer-based system using either asynchronous 


or synchronous protocol. High speed bit rate, automatic format- | 


ting, low overhead programming, eight character buffering, and 
. two channel DMA interface optimize MPCC performance to take 
. full advantage of the 6500/6800 processing capabilities. 


In synchronous operation, the MPCC süpports bit-oriented 
. protocols (BOP), such as SDLC/HDLC, and character-oriented 
protocols (COP), such’ as IBM Bisync (BSC) in either ASCII or 
EBCDIC coding. Formatting, synchronizing, validation and error 


F EATU RES 
• Full duplex synchronous/asynchronous receiver and transmitter | 


е Fully implements ІВМ Binary Synchronous Communications 
(BSC) in two coding formats: АЗСИ апа EBCDIC 


е Supports other synchronous character-oriented protocols 
(COP), such as six-bit BSC, X3.28, ISO 151745, ЕСМА-16, | 
etc. 


e Supports synchronous bit-oriented Дари Е. such as 
| SDLC, HDLC, X.25, еїс. 


е Asynchronous and isochronous modes 


_ detection is performed automatically i in accordance with protocol | 


` requirements and selected options. Asynchronous (ASYNC) and 


isochronous (ISOC) modes are also supported. іп addition, 
modem interface handshake signals are available for general 


_ Control, status and data are transferred between the MPCC and 
the microcomputer bus via 19 directly addressable registers and 
a DMA interface. Two first-in first-out (FIFO) registers, address- 
able through separate receiver and transmitter data registers, 
each buffer up to eight characters at a time to allow more CPU/ 
MPU processing time to service data received or to be 
transmitted and to maximize bus throughput, especially during 
DMA operation. The two-channel Direct Memory Access (DMA) 
interface Operstos with the Monte DMA Controller. 


Ап on-chip oscillator drives the internal baud rate generator 


_ (ВАС) and an external clock output with an 8 MHz input crystal 


or clock frequency. The BRG, in conjunction with two selectable 
prescalers and 16-bit programmable divisor, providas a data bit 
rate of DC to 4 MHZ. 


. ORDERING INFORMATION 


Frequency Temperature Range 


Part Number 


865560 __ 4MHz | 096 № 70°C 


Package: С = Ceramic 
P = Plastic 


Document No. 29651N50 


• Модет handshake interface | Р 
L High speed serial data rate ос to 4 мна | 


е Internal oscillator and Baud Rate Generator (BRG) with pro 
grammable data. rate | | 


6 Crystal ог TTL level clock input and buffered clock output 


24172. 


(8 MHz). 


* Direct interface to 6500/6800 microprocessor bus 


* Eight-character receiver and transmitter buffer registers 


е 19 directly addressable registers for flexible option selection, 
complete status reporting, and data transfer 


• Мазкарје. interrupt conditions for receiver, transmitter and 
serial interface ON | 


. Programmable microprocessor bus: data transfer: polled, 
interrupt and two-channel DMA transfer сотрај іе with 
MC6844 


е Clock control register for receiver + clock divisor and receiver 
and transmitter clock routing ! | 


* Selectable full/half duplex, autoecho and local tope 


modes 


• Selectable parity (enable, odd, even) and CRC (control field 
enable, CRC- 16, CCITT V. и: VRC/LRC) 


Product Description Order No. 2147 
Rev. 1, March 1984 


965560  Multi-Protocol Communications Controller (MPCC) 


Tx SHIFT REG 


CONTROL 
CHARACTER | ! | 
DETECTION/ | _ TO Rx LOGIC 


INSERTION (TEST є) 


MICROPROCESSOR | Tx CONTROL | 


BUS 
INTERFACE, 


CONTROL 
REGISTERS 
AND 


STATUS | TO Tx LOGIC Е 


REGISTERS RUM 5 
BAUD RATE GENERATOR 
Tx CLOCK 


SELECT 
+N COUNTER PRESCALE 
(BRDR1, BRDR2) (PREDIV) 
Rx CLOCK 


RxFIFO READ л 
DMA | SELECT . 21,216, +32, +64 - 


EREA | | CLKDIV 
“INTERFACE | | (RCLKIN) Ж (CLKDIV) иа 


Y TO Rx LOGIC 


"Rx CONTROL - 


— : | 2% To Tx LOGIC 
INTERNAL Rx CONTROL BUS . И" Е "X (ECHO MODE) 


| | CONTROL 


Сас CHARACTER 
GENERATOR DETECTION | 
&BYTE CO Rx SHIFT 


Figure 1. МРСС Block Diagram 
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PIN DESCRIPTION 


Throughout the document, signals are presented using the terms 
active and inactive or asserted and negated independent of 


whether the signal is active in the high-voltage state or low- | 


voltage state. (The active state of each logic pin is described 
below.) Active low signals are.denoted by a superscript bar. АЛУ 


222 indicates a write is active low and a read active high. 


_ A0- A4—Address Lines. AO — A4 are active high inputs used - 
г in conjunction with the CS input to access the internal registers. 


The address map for these registers is shown in Table 1. 


DO - D7—Data Lines. Тһе bidirectional data lines transfer data | 
between the MPCC and the CPU, memory or other peripheral ` 
device. The data bus is tri-stated when CS is inactive. (See | 


аи іп ОМА mode) 


CS— Chip Select. cs low selects the MPCC for programmed 
transfers with the host. The MPCC is deselected when the cs 
Anput is inactive in non-DMA mode. 


R/W—Read/Write. R/W controls the direction of data flow 


through the bidirectional data bus by indicating that the current 
bus сув ва read (high) or write. (low) cycle. | 


| 92—Phase 2. During a write (АЛУ low), the 02 negative transition : is | 
latches data оп data bus lines DO – D7 into the MPCC. During 


a read (R/W), 02 high enables data from the MPCC to data bus 


_ JRG—Interrupt Request. The active low IRQ output requests 
interrupt service by the CPU. IRQ is driven high after assertion 
prior to being tri-stated. 


TDSR— Transmitter Data Service Request. When Transmitter 
DMA mode is active, the low TDSR output requests DMA service. 


DATA 
BUS. 
ADDRESS 

‚ BUS 


BUS 
INTERFACE 


DMA 
CONTROL 


INTERRUPT 
CONTROL 


RDSR—Receiver Data Service Request. When receiver DMA 
mode is active, the low RDSR output requests DMA service. 


DACK—DMA Acknowledge. The DACK low input indicates that 
that the data bus has been acquired by the DMAC and that the 


requested bus Oe is beginning. 


DTS—DMA Transfer Strobe. The DTS low input causes a DMA 
transfer to occur on the next 02 cycle. When R/W is high, data is 
transferred into the TxFIFO; when R/W is low, data is transferred 


| from the RxFIFO. 


DONE —Done. DONE is a bidirectional active low signal. The 


DONE signal is asserted by the DMAC when the DMA transfer 
count is exhausted and there is no more data to be transferred. 


DONE will also be asserted by the МРСС, if enabled by bit 5 in 


the RCR, when the status byte folloiwng the last character of 


a frame (block) is being transferred in response to a RDSR. The 


DONE signal asserted by the DMAC in response to a TDSR will | 
be. oe to track with the даа. byte through the TxFIFO. 


RES—Reset. RES i is an active low, ow; high impedance input that 


initializes all MPCC functions. RES must be asserted for at 
| least 500 n ns to initialize the MPCC. 


D'TR—Data Terminal Ready. The DTA active low output is 
general purpose in nature, and is controlled by the DTRLVL bit - 
in the Serial Interface Control Dealer (SICA) | 


| RTS—Request to Send. The RTS active low output is general 


CTS—Clear to Send. The CTS active low input positive transi- 
ition and level are reported in the CTST and CTSLVL bits. in the 
Serial Interface Status Register (SISR), respectively. 


INTERFACE 


TRANSMITTER 
INTERFACE 


RECEIVER 
INTERFACE 


INTERFACE 


Figure 2. MPCC Input and Output Signals 
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DSR—Data Set Ready. The DSR active low input negative 
transition and level are reported in the DSRT and DSRLVL bits 
. in the SISR, respectively. DSR is also an output for RSYN. 


EXTAL—Crystal/External Clock Input. 


-. XTAL Crystal Return. EXTAL апа ХТАГ connect an 8 MHz 
7 external crystal to the MPCC internal oscillator. Тһе pin EXTAL 


DCD—Data Carrier Detect. The DCD active low input positive 


transition and level are reported in the DCDT and DCDLVL bits 
in the the SISR, respectively. 


TxD—Transmitted Data. The MPCC transmits serial data on | 


~ the TxD output. The TxD output changes on the negative going 
edge of TxC. 


RxD—Received Data. The MPCC receives serial data on the 
RxD input. The RxD input is shifted into the receiver with the 
negative going edge of RxC. 


TxC—Transmitter Clock. ТҰС can be ТЕРИ ре an input 
oranoutput. When ТХС is selected to be an input, the transmitter 


may also be used as a TTL level input to supply a DC to 8 MHz 
reference timing from an external clock source. XTAL must be 
tied to ground when applying an external clock to the EXT. AL 
input. 


BCLK—Buffered Clock. BCLK i is the internal oscillator buffered 
output available to other MPCC devices eliminating the need 


for additional crystals. 


| Vcc—Power. 5V + 5%. 


. clock must be provided externally. When TxC is programmed to . 
be an output, a clock is generated by the MPCC's internal baud - 


rate generator. The low-to-high transition of the clock signal nomi- 
nally indicates the center of a serial data present on the TxD 
output. 


RxC—Receiver Clock. RxC provides the MPCC receiver with 
received data timing information. The clock transition from 
low-to-high nominally indicates the center of each serial data 
bit on the RxD input. 


‚ A0 

NOT USED 
RxD 

DTR 

. DSR 
DCD 
RDSR 


оочо льо м = 


- = 
- о 


"m 
пров 


GND—Ground. Ground Vso). 


MPCC REGISTERS 


Nineteen 8-bit registers define, control and monitor the data com- 
munications process. These registers and their access are listed 


іп Table 1. 


Table 2 summarizes the MPCC register bit assignments and their 
access. A read from an unassigned location results in a read 
from a “null register.” A null register returns all ones for data 


° and results in a normal bus cycle. Unused bits of a defined 


oo on om 


register are read as zeros unless otherwise noted. 


NOT USED* 


*Must be connected to Vec- 
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865560 Е BENT .  . Multti-Protocol Communications Controller (MPCC) 


Address Lines 
АЗ А2 А1 


— 
о 
о 
о 


и а E: 

alo | | 

ем 
ПЕЊЕ 


Serial Interface Status Register (SISR) | 3 | 
__ Serial Interface Control Register (SICR). — __| RW | |n || 
Serial Interrupt Enable Register (SIER) | 


Protocol Select Register 1 (PSR1) 
Protocol Select Register 2 (PSR2) 
Address Register 1 (AR1). — 


2 
= 
о 
| 


: 

E 

» 
ma fa fom] om | 
а | -_ ШИГ | -_ | - ШАНЫ | oa 


Clock Control Register (ССВ) 
Error Control Register (ECR) | | RW | 


-h 
--. 


-. 

uU 
— | - | - | A 100 ЗИ чо В = | | 
= |-"|о|о|-|-|о|о 
оао 


Notes: " 
1. Accessible register of the eight byte RxFIFO. The data is not initialized, however, RES resets the RxFIFO pointer to the start of the first byte. 


2. Accessible register of the eight byte TxFIFO. The data is not initialized, however, RES resets the TxFIFO pointer to the start of the first byte. 
З. Reserved registers may contain random bit values., · | | 
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Table 2. MPCC Register Bit Assignments | 


Access Lp TID уа ры Value 


| мм | пи | ве е [ore | mam | rovn ме | по | и | 
РЕН ВН 
ВЕСЕМЕО РАТА (RxFIFO) ЕЧ 

Ба БОҒ C/PERR FRERR ROVRN RA/B 

IE Ја ЈЕ IE IE 


Ee TRANSMITTED DATA (TxFIFO) TS 
mw | ТОВА | ТЕС TUNRN | TFERR 
IE IE | IE IE 


CTST DSRT | DCDT | CTSLVL | DSRLVL DCDLVL ofofo, 

пол ова э | e | o [me | vr ма | ®_ 
CTS ! DCD 

| мм | зе | зе | зе | о | о | о | о | о | o | 


Те Ге Теа раа 


ра Рыс 
[ sm | se | оғ | сл | ess | Ps2 | Psi 


ВОР ТТТ 8 СОР PAD | 00 | 
ВОР ADDRESS/BSC & СОР SYN 


BAUD RATE DIVIDER (LSH) 


CLK EL 
ЖЕ PSCDIV | TCLKO RCLKIN. = Cki 

c SEL 
ШЕШЕСІ. 


Receiver Status = 
Register (RSR) 


Receiver Control 
Register (RCR) 


Receiver Data 
Register (RDR) 


Receiver Interrupt Enable 
пече (RIER) | 


Transmitter Status 
Register (ТӨН) . 


Transmitter Control 
Register (TCR) 
Transmitter Data 
Register (TDR) 


Transmitter Interrupt Enable 
Register (TIER) 


Serial Interface Status 
Register (SISR) 


Зена! Interface Control 
Register (SICR) 


Serial Interrupt Enable 
Register (SIER) 


Protocol Select 
Register 1 (PSR1) 


Protocol Select 
Register 2 (PSR2) 


Address Register 1 (AR1) 
Address Register 2 (AR?) 
Baud Rate Divider 
Register 1 (BRDR1) 
Baud Rate Divider 
Register 2 (BRDR2) 
Clock Control 

Register (CCR) 


‘Error Control 
Register (ECR) 


ODDPAR 
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Multi-Protocol Communications Controller (MPCC) 


REGISTER DEFINITIONS 


RECEIVER REGISTERS | 
Receiver Status Register (RSR) 


Reset value = $00 


| The Receiver Status Register (RSR) contains the status of the 


ар 


receiver including error conditions. Status bits are cleared by 


writing a 1 into respective positions, by writing a 1 into the RCR 
RRES bit or by RES. If an EOF, C/PERR, or FRERR is set in 
the RSR, the data reflecting the error (the first byte ог word in 
the RxFIFO) must be read prior to resetting the corresponding 


status bit in the RSR. The IRQ output is asserted if any of the | 


conditions reported by the status bits occur and the aoe 
ing interrupt ры bit in mane RIER is set. 


The RSR “ш is the same as the frame status format (see 
below) except as noted. 


P 


RSR E | | 
7 RDA —Receiver Data Available. (RSR only). 
0 The RxFIFO is empty (i.e., no received data is 
available). 


1 Received data is: available i in the RxFIFO and can be 


· read via the RDR. 


RSR ~ 

6 EOF —End of Frame. 

0 No end of frame or block detected. 

1 End of frame or block detected (BOP and BSC). 
RSR 

5 —Not Used. 
RSR „4 

4 СТЕВА  —CRC/Parity Error. 


0 No CRC or рату error detected. 
1 CRC error detected (BOP, BSC), Parity error detected 
(ASYNC, ISOC апа COP). - 


RSR 
3 FRERR —Frame Error. 
0 No frame error detected. 
1 Short Frame or a closing FLAG detected off boundary 
(BOP), Frame error (ASYNC, ISOC) or receiver 
overrun. 


. RSR 

2 ROVRN — Receiver Overrun. 

0 No receiver overrun detected. 

1 Receiver overrun detected. Indicates that receiver data 

. was attempted to be transferred into the RxFIFO when 
it was full, resulting in loss of received data. The data 
that is already in RxFIFO are not affected and may be 
read by the processor. 

RSR TZ 

1 RA/B ` —Receiver Abort/Break. 

0. Normal Operation. 

1 ABORT detected after an opening flag (BOP), ENQ 
detected in a block of text data (BSC), or BREAK 
detected (ASYNC). 

RSR 

0 RIDLE —Receiver idle. (RSR only). 

0 Receiver not idle. 

1 15 or more consecutive “175” have been received and 
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the receiver is in an inactive idle state. 


Frame Status (RSR) 


ЕЛЕСІ sq wc ВЕН Та Ти Тон 
о [ое Гани | стрела | FRERA | Rovan | swa | o- 


For the BSC and BOP protocols which have defined message 
blocks or frames, a ''frame status” byte will be loaded into the 


- ВхНЕО following the last data byte of each.block (see Figure 


3). The EOF status in the RSR is then set when the byte/word 
containing the frame status is the next byte/word to be read from 
the RxFIFO. 


In the receiver DMA mode, when the EOF status in the RSR 
is set, DONE is asserted to the DMAC. Thus the last byte 
accessed by the DMAC is always a status byte, which the 
processor may read to check the validity of entire frame. 


The frame status contains all the status contained within the RSR 


with the exception of RDA and RIDLE. 


_ Ми -Ргогосо! Communications Controller (MPCC) 


STATUS 
NEXT FRAME 


Figure 3. BSC/BOP Block/Frame Status Location 


Receiver Control Register (RCR) 


с аже ЛЕ НС ки 


Reset value = $01 | 


The Receiver Control Register (RCR) selects receiver control 
options. ° | 


RCR Rol 
7 —Not used. 
RCR 
6 RDSREN --Несеіуег Data Service Request Enable. 
0 Disable receiver ОМА mode. 
1 Enable receiver DMA mode. | 
RCR CN MERE 
5  DONEEN --ПОМЕ Output Enable. 
0 Disable DONE output. | 
1 Enable DONE output. јака the receiver is in the DMA 
mode, i.e., RDSREN : = 1). 
RCR 
4 RSYNEN —RSYNEN Output Enable. Selects the 


DSR signal input or the F RSYN SYNC 
signal output on the DSR pin. 

0 Input DSR on DSR. | 

1 Output RSYN on DSR. 


RCR 


3 STRSYN вир SYN Character (СОР опіу). 
0 Do not strip SYN character. 
1 Strip SYN character. 

RCR | | 
2 2ADCMP --Опе/Ту/о Address Compare (BOP only). 
0 Compare опе address byte with the contents of AR1. 
1 Compare two address bytes with the contents of AR1 


and AR2. 


2-179 


RCR 
1 RABTEN --Несеіуег Abort Enable (BOP only). 
0 Do not абоп frame upon error detection. 
1 Abort frame upon RxFIFO overrun (ROVRN bit = 1 in 
the RSR) or CFCRC error detection (C/PERR bit = 
_ in the RSR). If either error occurs, the MPCC ignores 
the remainder of the current frame and searches for 
the beginning of the next frame. = 
RCR a 90, | 
0 RRES —hReceiver Reset Command. 
0 Enable normal receiver operation. 
1 Reset receiver. Resets the receiver section including 


the RxFIFO and the RSR (but not the RCR). RRES is 
set by RES or by writing a 1 into this bit for one write 
cycle and is cleared by writing a 0 into this bit. RRES 
requires clearing after RES. 


Receiver Data Register n 


MSB Received Data (RxFIFO) LSB 


The receiver has an 8-byte First In First Out (FIFO) register file 
(RxFIFO) where received data are stored before being 
transferred to the bus. The received data is transferred out of 


. the RxFIFO ма the ВОВ. When the RxFIFO has a data byte 


ready to be transferred, the RDA status bit in the RSR is set to 1. 
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Receiver Interrupt Enable Register (RIER) 


[t |-6 8| 4 |3 | 2 |+ |0 

БЕБА Без ыыы 
Е IE IE IE IE 

Reset value = $00 


. The Receiver Interrupt Enable Register (RIER) contains inter- 


." rupt enable bits for the Receiver Status Register (RSR). When 
22 enabled, the IRQ output is asserted when the corresponding 
At condition is detected and reported in the RSR. 


7. RDA ЈЕ --Несеімег Data Available Interrupt 
Enable. 
о Disable RDA Interrupt. 
1 Enable RDA Interrupt. 
RIER | | 
6 EOF IE —End of Frame Interrupt Enabie. 
0 Disable EOF Interrupt. 
1 Enable EOF Interrupt. 
RIER ar 
5 —Not used. 
RIER Pv 


4  C/PERR IE —CRC/Parity Error Interrupt Enable. 
0 . Disable C/PERR Interrupt. 
1 Enable C/PERR Interrupt. 


RIER 
3  FRERR IE —Frame Error Interrupt Enable. 


0 Disable FRERR interrupt. | 
1 Enable FRERR Interrupt. · 
RIER | КА 
2  ROVRN IE —Receiver Overrun Interrupt Enable. 
0 Disable ROVRN Interrupt. 
1 Enable ROVRN Interrupt. 
НЕА | 
1 RA/BIE  —Receiver Abort/Break а ЕпаЫе. 
0 Disable RA/B Interrupt. 5 | 
1 Enable ВА/В Interrupt. 
RIER 


220 —Not used. 


TRANSMITTER REGISTERS 
Transmitter Status д аны: (TSR) | 


лава | те Го Го Те Tow] тевяя Т.е 


| с. value = $80 
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The Transmitter Státus Register (TSR) contains the transmitter 
status including error conditions. The transmitter status bits are 
cleared by writing a 1 into their respective positions, by writing 
a 1 into the TCR TRES bit, or by RES. The IRQ output is asserted 
if any of the conditions reported by the status bits occur and 
the corresponding interrupt enable bit in the TIER is set. 


TSR 

T7 TDRA —Transmitter Data Register Available. 

0 The TxFIFO is full. 

1 The TxFIFO is not full (i.e., available) and data to 
transmit can be loaded via the TDR. 

TSR 

6 TFC —Transmitted Frame Complete. (BƏR, BSC 
and COP only). 

0 Frame not complete. 

1 Closing FLAG or ABORT character has been transmit- 
ted (BOP), Trailing PAD has been transmitted (BSC), 
or the last character of a frame or block as defined by 
TLAST (TCR bit 3) has been transmitted (COP). 

TSR | 

5-3 —Not used. 

22 TUNRN —Transmitter Underrun (BOP, BSC апа 
COP only). A transmitter underrun occurs 
when the transmitter runs out of data dur- 
ing a transmission. For BOP, the underrun 
condition is treated as an abort. For BSC 
and COP, SYN characters are transmitted 
until more data is available in the TxFIFO. 

0 No transmitter underrun occurred. 

1 Transmitter underrun occurred. 

‘TSR | | 
1 TFERR =—Transmit Frame Error (ВОР only). 
0 No frame error has occurred. 
1 No control field was present (short frame). 


Transmitter Control Register (TCR) 


салаа EON ЛА UNOSI MICI 
TICS | о | TLAST TABT | TRES || 


Reset value = $01 


The Transmitter Control Register (TCR) selects transmitter con- 
trol function. 


TCR | mE 
7 TEN —Transmitter Enable. 
0 Disable transmitter. TxD output is Фед. The TxFIFO 
_ may be loaded while the transmitter is disabled. 


1 Enable transmitter. 
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TCR | | Е. мега 
6 TDSREN —Transmitter Data Service Request _ 
Enable. 
0 Disable transmitter DMA mode. 
1. Enable transmitter ОМА mode. 
TCR | | 
5  TICS —Transmitter idle Character Select. Selects 
the idle character to be transmitted when 
the transmitter is in an active idle mode 
(transmitter enabled. or disabled). 
0 . Mark Idle (TxD output is held high). 
1 _ Content of AR2 (BSC and COP), BREAK condition 
(ASYNC and 1500), or FLAG character (BOP). 
TCR . m — 
4 —Not Used. This bit is initialized to 0 by RES 
and must not be set to 1. 
TCR 
3 TLAST —Transmit Last Character (ВОР, В5С апа 
COP only). 
0 The next character is not the last character in a frame 
or block. | 
1 The next character to be written into the TDR is the 
last character of the message. The TLAST bit 
automatically returns to a О when the associated 
word/byte is written to the TxFIFO. If the transmitter 
DMA mode is enabled, TLAST is set to a 1 by DONE 
from the DMAC. In this case the character written into 
the TDR in the current cycle is the last character. 
TCR | E m | 
2 TSYN —Transmit SYN (BSC and COP only). 
0 Шо пої transmit SYN characters. | 
1 Transmit SYN characters. Causes a pair of SYN 
characters to be transmitted immediately following the 
current character. If BSC transparent mode is active, 
‚ a DLE SYN sequence is transmitted. The TSYN bit 
automatically returns to a 0 when the SYN character 
is loaded into the Transmitter Shift Register. 
TCR | г. "oC , 
1 TABT —Transmit ABORT (BOP only). 
0 Enable normal transmitter operation. 
1 Causes an abort by sending eight consecutive 1's. A 
data word/byte must be loaded into the TxFIFO after 
. setting this bit in order to complete the command. The 
TABT bit clears automatically when the subsequent 
data word/byte is loaded into the TxFIFO. 
TCR . | 
0 TRES —Transmitter Reset Command. 
O .. Enable normal transmitter operation. | 
2242 Reset transmitter. Clears the transmitter section 


including the TXFIFO and the TSR (but not the TCR). 
The TxD output is held in "Mark" condition. TRES is 
set by RES or by writing a 1 into this bit for one write 
cycle and is cleared by writing а 0 into this bit. TRES 
requires clearing after RES. | 


© Transmit Data Register (тов) 


RCRUM линији 


MSB Transmitted Data (T ЕС) LSB 


The transmitter has an 18- Е FIFO register file (T xFIFO). Data 
to be transmitted is transferred from the bus into the TxFIFO 
via the TDR. The ТОНА status bit in the TSR is set to 1 when | 
the TxFIFO is ready to accept another data byte. . 


Transmitter Interrupt Enable Register (TIER) 


ера 
Е 
[Ж IE IE IE 


Reset value = $00 


The Transmitter Interrupt Enable Register (TIER) contains 
interrupt enable bits for the Transmitter Status Register. When 
enabled, the IRQ output is asserted when the corresponding 
condition is detected and reported in the TSR. 


TIER . . E и © 
7 ТОВА IE.  —Transmitter Data Register (TDR) Avail- 
able Interrupt Enable. 


0 Disable ТОНА Interrupt. 


1 Enable ТОВА Interrupt. 
TER | a ru | 
6  TFCIE —Transmit Frame Complete (TFC) Interrupt 
Enable. 
0 Disable TFC Interrupt. 
1 · Enable TFC Interrupt. in iis 
. TIER P. 
5-3 —Not used. 
TIER 
2 TUNAN IE —Transmitter Underrun (TUNRN) Interrupt 
Enable. 
- 0 Disable TUNRN interrupt 
1 Enable TUNAN Interrupt. — 
TIER 
1 TFERRIE —Transmit Frame Error diss Interrupt 
Enable. 
. 0 Disable TFERR Interrupt. 
1 Enable TFERR Interrupt. 
TIER Де са, | 
о. —Not used. 
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SERIAL INTERFACE REGISTERS 


Serial Interface Status Register (SISR) 


о me 
сот Гота | вас | овога. [o [о 


E Reset value z $00 


2 The Serial Interface Status Register (SISR) contains the serial 
` interface status information. The transition status bits (СТТ, 


. + DSRT and ОСОТ) are cleared by writing a 1 into their respec- 


_ tive positions, or Бу RESET. The level status bits (CTSLVL, 
-DSRLVL and DCDLVL) reflect the state of their respective inputs 
and cannot be cleared internally. The IRQ output is asserted 
if any of the conditions reported by the transition status bits occur 
and the corresponding interrupt enable bit in the SIER is set. 


SISR - 


Nt és “тв _ —Clear to Send Transition Status. 
| ie . CTS has transitioned positive (from active to Inactive). 
_ (TR ES must be а zero). | 
о d CTS has not transitioned positive. 
SISR . 
6 DSRT  . —Data Set Ready Transition Status. | | 
i 5. .DSR has trarisitioned negative (from: inactive to active). 
о DSR has not tranaitionéd negative. 
SISR P NUS nS | 
5 DCDT --Пайа Carrier Detect Transition Status. 
1 DCD has transitioned positive (from active to осме 
. 0 - DCD has not transitioned positive: 
SISR A 
4 CTSLVL  —Clear to Send Level. 
0 CTS input level is negated (high). 
(1 . CTS input level is asserted (low). 
SISR _ E | 
Зз  DSRLVL --Пайа Set Ready Level. 
0. DSR input level is negated (high). 
a DSR input level is asserted (low). 
SISR 


2  DCDLVL —Data Carrier Detect Level. 
0 | DCD input level is negated (high). 
1 DCD. input level is asserted (low). 


SISR 
1:0 — Not used. 


| Serial Interface Control Register (SICR) 


LE LS Тера 2 (а је 
Fere. | or. | — | — | — | есно | test | ва 


Reset value = $00 
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The Serial Interface Control Register (SICR) controls various 
serial interface signals and test functions. 


.SICR | ; ны m 
7 RTSLVL —Request to Send Level. 
0 Negate RTS output (high). 
1 Assert RTS output (low) 
NOTE 


In BOP, BSC, or COP, when the RTSLVL bit is cleared 
in the middle of data transmission, the RTS output- 
remains asserted until the end of the current frame 
or БИ block has been transmitted. In ASYNC or ISOC, the 
RTS output is negated when the TxFIFO is empty. If 
the transmitter is idling when the RTSLVL bit is reset, 
the RTS output is negated within two bit times. 


SICR 
6 ОТАУ. —Оага Terminal ind Level. 
0 Negate DTF DTR output (high). | 


1 Assert DTR output (ем... 
SICR POR 
5-3 —Not used. These bits are initialized to 0 by 
ko RESET and must not be set to 1. 
SICR ЖАТ аға 
2 ECHO --Есһо Mode Enable. 
.0 Disable Echo mode (enable normal operation). 

1 . Enable Echo mode. Received data (RxD) is routed 
back through the transmitter to TxD. The contents of 
the TxFIFO is undisturbed. This mode may be used 
for remote test. purposes. 

SICR | | 
21 TEST —Self-test Enable. 
0 Disable self-test (enable normal operation). 
1 ‚ Enable self-test. The transmitted data (TxD) and clock 
“(ТхС) are routed back through to the receiver through 
RxD and :НхС, respectively. (DCD and CTS аге 
ignored). This “loopback” self-test may be used for 
all protocols. RxC is external regardless of the state 
of CCR bit 2. CCR bit 3 may be a O or a 1. 
SICR l | LE ke 
0 NRZI p Data Format Select. Selects the 
|. — ^i. ^^ transmit and receive data format to be NRZ 
EY с or NRZI. e te 

0 Select NRZ data format. NRZ coding—high = 1 and 
low = 0. 

1. Select NRZI data format. The serial data remains in 


the same state to send a binary 1 and switches to the 
opposite state to send a binary O. A 1 bit деву is added 
|. to the TxD output to allow for encoding. | 
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Serial Interrupt Enable Register (SIER) 


Reset value z $00 


The Serial Interrupt Enable Register (SIER) contains interrupt 
enable bits for the Serial Interface Status Register. When an 
interrupt enable bit is set, the IRQ output is asserted when the 
corresponding condition оссигз as reported in the SISR. 


SIER 
7 CTSIE . —Clear to Send (CTS) Interrupt Enable. 
0 Disable CTS Interrupt. 
p Enable CTS Interrupt. 
SIER 
6 DSRIE —Data Set Ready (DSR) Interrupt Enable. 
0 Disable DSR Interrupt. 
1 Enable DSR Interrupt. 
SIER | mE о 
5  DCDIE —Data Carrier Detect (DCD) Interrupt 
Enable. 
0 Disable DCD Interrupt. 
CE 2 Enable DCD Interrupt. 
SIER Ja 
| —Not used. 


GLOBAL REGISTERS 


The global registers contain command information applying to 
different modes of operation and protocols. After changing global 
register data, TRES in the TCR and RRES in the RCR should 
’ Бе зе then cleared prior to performing normal mode processing. 


Protocol Select Register 1 (PSR1) 


_ Reset value = $00 


Protocol Select Register 1 Tent) selects BOP protocol related 
(ІРГЕ; | 


| PSRi 


7-2. —Not used. 

PSR1 SN NES M | 

221 CTLEX --Сопігді Field Extend (BOP only). 

0 Select 8-bit control field. . 
E Select 16-bit control field. 

PSR1 же ка 
0  ADDEX — —Адагез$ Extend (BOP only). 
0 Disable address extension. All eight bits of the 


address byte are utilized for addressing. 
1 Enable address extension. When bit 0 in the address 
| byte is a 0 the address field is extended by one byte. 
An exception.to the address field extension occurs 


when the first address byte is all O's (null address). 
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Protocol Select Register 2 (PSR2) 


ее «Тата 
(Low Les [os Ген [me rer] : 


Reset value = $00 


Protocol Select Register 2 (PSR2) selects кенет character | 


size, the number of stop bits, апа word/byte mode. 


PSR2 
КА —Not Used. This bit is initialized to 0 by RES 
and must not be anges to 1. | 
PSR2 


—Number of Stop Bits Select. 
Selects the number: of stop bits 
transmitted at the end of the data 
bins in ASYNC and ISOC modes. 


6-5 STOP БІТ SEL 


. No. of Stop Bits | 


6 5 

582 581 ASYNC -ISOC 
0. 0 1 E edad 
0 1 1-1/2 | 22 
1 0 


2 2 


PSR2 
4-3 CHAR LEN SEL —Character Length Select. Selects 
the character length except in ВОР. 
and BSC where the character length 
is always eight bits. Parity is not 
included in the character length. 


Character Length 
| 5 bits. 


6 bits и 
7 bits: 
8 bits 


PSR2 
2-0 PROTOCOL SEL —Protocol Select. Selects protocol 
and defines the protocol дөрепчөп! 


control bits. 
25 eor e od та. 
Р53 PS2 PS1 Protocol - 
0. 0. 0 ВОР (Primary) 
o о 1 . ВОР (Secondary) 
0 1 0 Reserved | 
0 1 1 _ COP. 
1 0 0 BSC EBCDIC 
1 0 1 BSC ASCII 
1 1 0 ASYNC 
1 1 1 ISOC 
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Address Register 1 (AR1). 


. Reset value = - 800 | 


2075: Address Register 2 (AR2) 


. ВОР ADDRESS/BSC & COP SYN 


Reset value - $00 


ды Тһе Бобо selected in | PSR2 (BOP, BSC and COP only) deter- 
..mines the function of the two 8-bit Address Registers (AR1 and 
АВ2). As a secondary station іп ВОР, the contents of the address 
registers аге used.for address matching depending on the 
2 ADCMP selection i in the АСВ. In BSC and СОР, AR1 and AR2 
contain programmable е РАП апа programmable SYN 
characters, respectively. | 


=. Address Register (AR) Contents 
. | Protocol Selected 
2242 ВОР (Primary) ` > X xX 
| ВОР (Secondary) E . Address 4 X 
| Address 
Leading PAD 
Leading PAD 
Leading PAD 


Address 
SYN 
SYN 
SYN 


. BSC EBCDIC 
BSC ASCII 
COP 


_*X = Not used 


Baud Rate Divider Register 1 (BRDR1) 


EDS CR ICH ACH г 


Reset value a $01 


Baud Rate Divider Register 2 (BRDR2) 


BAUD RATE DIVIDER (MSH) 


Reset value = 500 


The two 8-bit Baud Rate Омдег На (BRDR1 and BRDR2) 
hold the divisor of the Baud Rate Divider circuit. BRDR1 con- 
_ tains the least significant half (LSH) and BRDR2 contains the 
most significant half (MSH), With an 8.064 MHz EXTAL input, 
standard bit. rates сап be selected using the combination of 
Prescaler Divider (in the ССВ) and Baud Rate Divider values 
shown in Table 3. For isochronous ог synchronous protocols, 
the Baud Rate Divider value must be multiplied by two for the 
same Prescaler Divider value. 
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The Baud Rate Divider (BRD) value can be.computed for other 
crystal frequency, prescaler divider and desired baud rate values. 
as follows: | | | | en 


BRD = Crystal Eran 


(Prescaler Divider) (Baud Rate) (К) 
where: | T 1 for isochronous or synchronous 


2 бог seyochroncus 


Clock Control телен (CCR) 


Reset value = $00 


The CCR selects various clock options. | 


ССВ. к 
7-5 —Not used. 
ССА уне | 
 —Prescaler Divider: The Prescaler Divider 


4 PSCDIV 
| network reduces the external/oscillator fre- 

. quency to a value for use by the internal 

| Baud Rate ео | 

0 Divide by 2. | 

1 Divide by 3. 


CCR Lr NIS 

3. TCLKO  .—Transmitter Clock Output Select. · 

0 Select TxC to be an input. 

1 Select TxC to be an output. 
CCR 

2 RCLKIN  —Receiver Clock Internal Select t (ASYNC 
| . С only. | : 

0. Select External. АхС. 

1 Select Internal RxC. 
CCR | SENSA Us 
1-0 ОКОМ —Ехегпа! Receiver Clock Divider. Selects 


the divider of the external RxC to determine 
the receiver data rate. 


скг СКІ Divider 
07: ©: 1 (ISOC) 
0 1 16: 
1 0 | 32 
1 1 64 
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таые 3. Standard Baud Selection (8. 064 MHz Crystal) 


Prescaler Divider | 
Desired | | 


Baud Rate | 
(Bit Rate) 


Decimal 


Decimal | 
Value | 


Value 


PSCDIV 
(0 to 1) 


о — 


WQHWONANNNANAONWNY 
---зозооо-о-о- 


PAREN 


ODDPAR "HT CRCCTL | CRCPRE | CRCSEL 


Reset value = eee ; 


| The Error Control L'Bediefer (ECR) selects the error detection 
method used by the MPCC. "TE 


ECR . 
E “PAREN | — Рату Enable. (ASYNC, ISOC and COP 
P x only). 
0 | Disable parity generation/checking. - 


.1 Enable рату. generation/checking. 


| ECR | | 
6 ODDPAR | —Odd/Even Parity Select (Effective опу 
when РАВЕМ = » | 


0 ааа even parity. 

1 Generate/check odd parity. 
ECR S AE 
—Not used. | 


54 _ 


/ Asynchronous 
_ Нехадеста! Value 


ЕСА. 


- Baud Rate Divider (2 

| Isochronous and Synchronous 

Decimal 092 = : 
Value | 


ЕСВ 
223 CFCRC 


—Control Field CRC Enable. 
0. Disable control field CRC. Enables an intermediate | 
СРС remainder to be appended after the address/con- 
trol field in transmitted BOP frames апа checked іп 
received frames. The CRC generator is reset after соп- 

trol field CRC calculation. | 


2 CRCPRE үн шеді Preset Select. 
0 . Preset CRC Generator to 0. 
1 Preset CRC Generator to 1 and transmit the 1 Т $ com- 
‘plement, of the resulting remainder. 
1-0 CRCSEL сяс Ракетни Select. Selects one of. the 
| ЕС. а " 
1 0 
CR2 САП Polynominal | 
0 0 А18 + 12 +5 (CCITT VAI) 
0 1 х16+х15+х2+1(САС-16) . 
1 0 х8+1 — (VRO/LRO)" 
1 1 Not used. · 


“VRC: Odd-parity скі is performed on each 
character DO the LRC character. | 
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INPUT/OUTPUT FUNCTIONS 
MPU INTERFACE 


- - RDSR is inhibited when either RDSREN is Ч is reset to 0 or RRES 


_ Transfer of data between the MPCC and the system bus involves `- 
.- the following signals: Address lines AO through A4, Data Bus Lines | 
DO through 07, and control signals consisting of R/W, CS, and. | 


02. Figures 10 and 11 show typical Interface connections. 


Read/Write Operation 


2 The R/W input controls the direction of data flow on the data bus. 


`- CS (Chip Select) enables the MPCC for access to the internal 


registers and other operations. When CS is asserted, the data: | 


МО buffer acts as an-output driver during a read operation and 


as an input buffer during a write operation. 


When the MPCC is selected (CS low) during a read d (RW high), 


eight bits of register data are placed on data bus lines DO – D7 
when 02 is asserted. When the МРСС is selected (CS low) for 
a write (R/W low), 02 strobes data from the DO – 07 data lines 


into the selected register. Figures 12 and 13 show ine read and 


write timing relationships. 


DMA INTERFACE 
The MPCC is capable of providing DMA data transfers up to 


2 Mbytes per second when used with the MC68440 DMAC in the | 
. . single address mode. Based on 4 Mb/s serial data rate and 5 


bits/character, the maximum DMA required transfer rate 5 800 Ups 


Kbytes per second. 


The MPCC has separate | DMA enable bits for the transmitter and 


receiver, each of which requires a DMA channel. Both the 


transmitter and receiver data are implicitly addressed (TDR or 
RDR) therefore addressing of the data register is not required 
before data may be transferred. Communication between the 
МРСС and the DMAC is accomplished by а two-signal 
request/acknowledge handshake. Since the MPCC has only one 
acknowledge input (DACK) for its two DMA request lines, an 
external OR function must be provided to combine the two DMA 
acknowledge signals. The MPCC uses the R/W input to 
distinguish between the Transmitter Data Service Request (TDSR 
‚ acknowledge and the Receiver Data Service А (RDSR) 
acknowledge. 


Receiver DMA Mode 


The receiver DMA mode is enabled when the RDSREN bit in the 
RCR is set to 1. When data is available in the ВхҒІҒО, Receiver 
Data Service Request (RDSR) is asserted for one receiver clock 
period to initiate the MPCC to memory DMA transfer. The next 
RDSR cycle may be initiated as soon as the current RDSR cycle 
is completed (i.e., a full Sequence of DACK, f2, and DTS). 


In response to RDSR assertion, the DMAC sets the RW line to 


write and. asserts the memory address, DMA transfer strobe 
(DTS), and DMA acknowledge (DACK). The MPCC outputs data 
from the RxFIFO to the data bus during 02. The memory latches 
the data to complete the data transfer. Figure 13 shows the timing 
relationships for the receiver DMA mode. 
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is set to 1 (both in the RCR), or when RES is asserted. 


Transmitter DMA Mode 


The transmitter DMA mode is enabled when the TDSREN bit in 
the TCR is set to 1. When the TxFIFO is available, Transmitter 
Data Service Request (TDSR) is asserted for one transmitter clock 
period to initiate the memory to MPCC DMA transfer. The next 


. TDSR cycle may be initiated as soon as the current TDSR cycle 


is completed, 


In the transmitter DMA mode, the TxFIFO Is implicitly addressed. 
That is, when the transfer is from memory to the TxFIFO, only 
the memory is addressed. In response to TDSR assertion, ће - 
DMAC sets the R/W line to read and asserts the memory address, 
DMA transfer strobe (DTS) and DMA acknowledge (DACK). The 
The memory places data on the data bus and the MPCC loads. 
the data into the TxFIFO to complete the data transfer. А timing 
diagram for.the transmitter DMA mode is shown in: ous 15. 


TDSR is inhibited when either TDSREN is гове! to 0 or TRES : 


is set to 1 (both in the TCR), or when RES is asserted. 


DONE Signal | 

When the DMA transfer count is exhausted in transmitter DMA 
mode, the. DMAC asserts DONE which sets the TLAST bit in the 
TCR to indicate that the last word/byte has. been transferred. In 
the receiver DMA mode, DONE is asserted by the MPCC when 
the last character of the frame/block is being transferred from the 
RxFIFO to the data bus if the DONEEN bit is set to a 1 in the RCR. 


INTERRUPTS 


There are three possible sources of an interrupt request (IRQ): 
the receiver section (as reported in the RSR), the transmitter 
section (as reported in the TSR), and the serial interface (аз 
reported in the SISR). When an interrupt generating status occurs 
and the interrupt is enabled Бу а _ corresponding bit м the 
associated interrupt enable: register, IRQ is asserted. The inter-! 
rupt processing software must examine all status registers that 
have interrupt status bits enabled to determine the cause of the 
interrupt and perform the required processing to clear the inter- 
rupt. IRQ will remain asserted until all interrupt causing condi- 
tions reported in status registers have been cleared. 


SERIAL INTERFACE 


The MPCC isa high speed, high performance device supporting 
the more popular bit and character oriented data protocols. The 
lower speed asynchronous (ASYNC) and isochronous (ISOCH) 
modes are also supported. An on-chip clock oscillator and baud 
rate generator provide an output data clock at a frequency of DC 
to 4 MHz. The clock can also be used in the ASYNC mode to 
provide a receive clock for the incoming data. The serial inter- 
face consists of the following signals: 
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RTS (Request to Send) Output 


The RTS output to the DCE is controlled by the RTSLVL bit in 
the SICR in conjunction with the state of the transmitter sec- 
tion. When the RTSLVL bitis setto 1, the RTS output is asserted. 
When the RTSLVL bit is reset to 0, the RTS output remains 
asserted until the TxFIFO becomes empty or the end of the 


message (or frame), complete with CRC code if any, has been 


transmitted. RTS also is negated when п the RTSLVL bit is reset 
during transmitter idle, or when the RES Input is asserted. 


ст5 (Clear to Send) Input 


 TheCTS input signal is normally generated by the DCE to indi- 


cate whether or not the data set is ready to transmit data. The 
CTST bit in the SISR reflects the transition status of the CTS 
input while the CTSLVL bit in the SISR reflects the current level. 
A positive transition on the. CTS pin asserts IRQ if the CTS IE bit 
in the SIER is set. The CTS input in an inactive state disables 
the start of transmission. 


DCD (Data Carrier Detect) Input 


T he DCD input signal is normally generated by the DCE and indi- 
cates that the DCE is receiving a data carrier signal suitable for 
demodulation. The ОСОТ bit in the SISR reports the transition 


status of the DCD input while the DCDLVL Бігіп the SISR con- . 


tains the current level. A positive transition on the DCD pin 
asserts the IRQ output if the DCD IE bit in the SIER is set. 
A negated DCD input disables the start of the receiver. 


DSR (Data Set Ready) Input/RSYN Output 


The DSR input from the DCE indicates the status of the local data 
set. The DSRT bit in the SISR contains the transition status of the 
DSR input while the DSRLVL bit in the SISR reports the current 


level. A negative transition on the DSR pin asserts the IRQ out- 


put if the DSR IE bit in the SIER is set. 


When the RSYN bit in the RCRi is set to 1, the frame synchroniza- 
tion signal (RSYN) i in the receiver is output on the DSR pin. In 
this mode, DSR output low indicates detection of E in BSC 
ог SOR: or an address mee? in BOP. | 


DTA (Data Terminal Ready) бйр 


Тһе DTR output is general purpose in nature.and can be used 
to control switching of the DCE. The DTR ылығы is controlled by 
ine: DTRLVL bit in the SICR. ` 


TxC (Transmitter Clock) Input/Output’ 


The. transmitter clock (Т: xC) may be programmed 16 to be input or 


an output. When the TCLKO control bit in the CCR is set to a 
1, the TxC pin becomes an output and provides the DCE with 
a clock whose frequency is determined by the internal baud rate 
generator. When the TCLKO control bit is reset, ТХС is an input 
апа the transmitter shift timing must be provided externally. The 
. TxD output changes state on the negative-going edge of the 
transmitter clock. In the asynchronous mode when TCLKO = 0 
in the CCR, the TxC input Шынай, must be two times the 
desired baud rate. 


тхр (Transmitted Data) Output 


. The serial data transmitted from the MPCC is coded in NRZ ог 


NRZI (zero complement) data format as selected by the NRZI 


control bit in the SICR. 


RxC (Receiver Clock) Input 
The receiver latches data on the negative transition of the RxC. 


RxD (Received Data) Input 


_ The serial data received by the MPCC can be coded т NRZ 


ог NRZI data format. The MPCC will decode the received data 


in accordance with the NRZI control bit setting in the SICR. 


Serial Interface Timing . 


The timing for the serial interface рақ апа data lines is shown 
in Figure 16. The MPCC supports high speed synchronous 
operation. As shown, the TxD output changes with the negative- 
going edge of TxC and the received data on RxD is latched on 
the negative edge of RxC. This assures high speed two-way 
operation between two MPCCs connected as shown - in 
Figure 18. 


For low speed operation between the МРСС and a modem ог 
RS-232C Data Communications Equipment (DCE), an inverter 
can be used in the TxC output lines as shown in Figure 18. 
RS-232 and RS-423 (covering serial data interface up to 100K 
baud) require that data be centered + 25% about the negative- 
going edge of the RxC. This criteria is met for frequencies up 
to 1.25 MHz using the inverter. Use of the inverter also allows 
MPCC to MPCC operation up to 2.17 MHz. 


_ SERIAL COMMUNICATION MODES 


AND PROTOCOLS 
ASYNCHRONOUS AND ISOCHRONOUS MODES 


| Asynchronous and isochronous data are transferred in frames. 


Each frame consists of a start bit, 5 to 8 data bits plus optional 
even or odd parity, and 1, 172, or 2 stop bits. The data character 
is transmitted with the least significant bit (LSB) first. The data 
line is normally held high (MARK) between frames, however, a 
BREAK (minimum of one frame length for which the line is held 
low) is used for control purposes. Figure 4 Wustrates the frame 
format supported by the. MPCC. . | 


Asynchronous Receive 


In the asynchronous (ASYNC) mode, data received on RxD 
occurs in three phases: (1) detection of the start bit and bit 
synchronization, (2) character assembly and optional parity 
check, and (3) stop bit detection. ‘The receiver bit stream may 
be synchronized by the internal baud: rate generator clock or 
by an external clock on RxC. When RCLKIN in the CCR is set 
to 0, an external clock with a frequency of 16, 32, or 64 times 
the data rate establishes the data bit midpoint and maintains 
bit synchronization. The character-assembly process does not 


start if the start bit is less than one-half bit time. Framing and 


parity errors are detected and buffered along with the character 


. on which errors occurred. They are passed on to the RxFIFO 
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and set appropriate status bits т the RSR when the character 
with an error reaches the last НхҒІҒО register where it is ready . 


to be transferred onto the data. bus via the RDR. 
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" | чанне ECE пас пие E ga | 
DATA | ЖЕ ы 
aM КӨКТЕ Же ЖК. L Ші 


START LBS 


MMC - $5 TO 8 BITS — y 


ISÓCHRONOUS FRAME FORMAT 


185 iE 


DATA | ES | | 


START: 


T 


PARITY 
. (OPT) 


STOP 


MSB 
(1,1%, OR 2. BITS) 


Vp ONE GE Se T Б 

| | 

de Au Lis 

|. MSB | PARITY n 
(ОРТ). 


STÓP 
1 OR 2 BITS. 


Figure 4. Asynchronous and Isochronous Frame Format 


Isochronous Receive 


In the isochronous (ISOC) mode, a 1 times clock on RxC is 
required with the data on RxD and the serial data bit is latched 
on the falling edge of each clock pulse. The requirement for the 
detection of a valid start bit, or the beginning of a break, is 
satisfied by the detection ofa high-to-low transition on the serial 
даа input line. Error detection and status indication are the same 
as the asynchronous mode. 


Asynchronous and Isochronous Transmit 


In asynchronous and isochronous transmit modes, output data 
tansmission on TxD begins with the start bit. This is followed 
by the data character which is transmitted LSB first. If parity 
generation is enabled, the parity bit is transmitted after the MSB 
of the character. 


SYNCHRONOUS MODES 


In synchronous modes, a one-times clock is provided iene with 
the data. Serial output data is shifted out and input data is latched 
оп the falling edge of the clock. | 
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BIT ORIENTED PROTOCOLS (BOP) 


‘In bit oriented protocols (BOP), messages (data) are transmitted 


and received in frames. Each frame contains an opening flag, 
address field, control field, frame check sequence, and a clos- 
ing flag. A frame may also contain an information field. (See 
Figure 5). 


The opening flag is a special character whose bit pattern is 
01111110. It marks the frame boundaries and is the interframe 
fill character. The address field of a frame contains the address 
of the secondary station which is receiving or responding to a 
command. The address field may be one or more bytes long. 
The address field can be extended by setting the ADDEX bit 
to a 1 т PSR1. In this case, the address field will be extended 
until the occurrence of an address byte with a 1 in bit 0. Up to 
two bytes of the address field may be automatically checked 
when the MPCC is programmed to be a secondary station in 
ВОР. Ап automatic .check for global (11111111) or null 
(00000000) address is also made. The control field of one or two 
bytes is transparent to the MPCC and sent directly to the host 
wine IDterpretetion: 
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The optional information field consists of 8-bit characters. Cyclic 
redundancy checking is. used for error detection and the CRC 
remainder resulting from the calculation is transmitted as the 
frame check sequence field. For BOP, the polynomial X!6 4 
X1? 4 X5 1 (CRC-CCITT) should be used, i.e., selected in 
the CRC SEL bits in the ECR. The registers representing the 
CRC-CCITT polynomial are generally preset to all 1s, and the 
1s complement of the resulting remainder is transmitted. (See 
Х.25 Recommendation.) 


Zero insertion/deletion is employed to prevent valid frame data 
from being confused with the special characters. A 0 is inserted 
by the transmitter after every fifth consecutive 1 in the data 
stream. These inserted zeros are removed by the receiver to 


restore the data to its original form. The inserted zeros are not . 


included in the CRC calculation. 


The end of the frame is determined by the detection of the 
closing Flag special character which is the same is the opening 
Flag. 


With the control options offered by the MPCC, commony used 
bit oriented protocols such as SDLC, HDLC and X.25 standards 
can be supported. Figure 6 compares the requirements of these 
options. | 


ВОР Несеіуег Operation 


In BOP, the receiver starts assembling characters and accumu- 
lating CRC immediately after the detection of a Flag. The receiver 
also continues to search for additional Flag, or Abort, characters 
on a bit-by-bit basis. Zero deletion is implemented in the Receiver 
Shift Register after the Flag detection logic and before the CRC 
circuitry. The receiver recognizes the shared flag (the closing 
flag for one frame serves as the opening flag for the next frame) 
and the shared zero (the ending 0 of a closing flag serves as 
the beginning O of an opening flag кт the pattern 
7011111101111110. а 


Character assembly and САС accumulation are stopped when 
a closing Flag or Abort is detected. The CRC accumulation 
includes all the characters between the opening Flag and the 
closing Flag. The contents of the CRC register are checked 


CONTROL 
01111110 1 ORN 1 OR 


FLAG. 1 ADDRESS 


at the close ofa ine and the C/PERR bit in the RSR is updated. 
The FCS and the Flag are not passed on to the RxFIFO. 


If the Flag is a closing flag, checks for short frame (no control 
field) and CRC error conditions are made and the appropriate 
status is updated. When an Abort (seven 1s) is detected, the 
remaining frame is discarded and the ҒА/В bitis set in the RSR. 
When a link idle (15 or more consecutive 1s) is detected; the 
RIDLE status bit is set in the RSR. The zeros that have been 
inserted to distinguish data from special characters are detected 
and deleted. from the data stream before characters аге assem- 
bled. The MPCC programmed as a secondary station provides 
automatic address matching of up to two bytes. If there is no 
address match, the receiver (secondary station) ignores the 
remainder of the frame by searching for the Flag. If there is a 
match, the address bytes are transferred to the RxFIFO as Suy 
are assembled. 


For the control field, one or two bytes are assembled and ТЕСЕ 
on to the RxFIFO depending on Ше state of the extended control 
field bit. 


If the CFCRC bit in the ECR is set to 1, an intermediate CRC 
check will be made after the address and control field. The Frame 
Check Sequence is still calculated over the remainder of the 
frame. 


BOP Transmitter Operation 
In ВОР, the TxFIFO can be preloaded through the ТОВ while 


the transmitter is disabled (ТЕМ = 0 in the TCR). When the 


transmitter is enabled (TEN = 1 in the TCR), the leading FLAG 
is automatically sent prior to transmitting data from the TxFIFO. 
The TDRA bit is set to 1 in the TSR as long as TxFIFO is not 
full. If an underrun occurs, the TUNRN bit in the TSR is set to 
a 1 and an ABORT (11111111) is transmitted followed by con- 
tinuous FLAGSs or marks. until a new sequence is initiated. 


The TLAST bit in the TCR must be set prior to loading the last 
character of the message to signal the transmitter to append 
the two-byte Frame Check Sequence (FCS) following the last 
character. If the transmitter ОМА mode is selected (the ТОЗАЕМ 
bit set to 1 in the TCR) the. TLAST bit is set by the DONE signal 
from the DMAC. : 


INFORMATION Ее . FLAG 
N BYTES 2 BYTES 01111110 


. BYTES 2 BYTES 


(OPTIONAL) 


Figure 5. Bit Oriented Protocol (BOP) Frame Format. 


IBM SDLS FRAME FORMAT 


^. FLAG. ADDRESS CONTROL 


INFORMATION Fes |. FLAG 
N BYTES 2 BYTES | 01111110 


01111110 1 BYTE 1 BYTE 


ADCCP/HDLC FRAME FORMAT 


FLAG ADDRESS CONTROL 


01111110 N BYTES тов 


INFORMATION x FLAG 
N BYTES | 01111110 


2 BYTES 


Figure 6. Implemented Bit Oriented Protocols 
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A message may be terminated at any time by setting the TABT 
bit in the TCR to 1. This causes the transmitter to send an Abort 
character followed by the remainder of the current frame data 
in the TxFIFO. i 


The serial data from the Transmitter Shift Regléter is continu- 
ously monitored for five consecutive. 15, and a 0 is inserted in 
the data stream each time this condition occurs (excluding Flag 
and Abort ато 


САС accumulation begins with the first non-Flag character and 
includes all subsequent characters. The CRC remainder is 
transmitted as the FCS following the last data character. If the 
CTLCRC bit in the ECR is set to 1, an intermediate CRC 
remainder is appended after the Address and Control field. The 
final Frame Check Sequence is calculated over the balance of 
the frame. 


BISYNC (BSC) | 


The structure of messages utilizing the IBM Binary Synchronous 
Communications (BSC) protocol, commonly called Bisync, is 
shown in Figure 7. The MPCC ċan process both transparent and 
nontransparent messages using either the EBCDIC or the ASCII 


codes. The CRC-16 polynomial should be selected by setting 


the appropriate CRCSEL bits in the ECR for both transparent 
and non-transparent EBCDIC and for transparent ASCII coded 
messages. VRC/LRC should be selected for non-transparent 
ASCII coded messages. BSC messages are formatted using 


defined data-link control characters. Data-link control characters. 


generated and recognized by the MPCC are listed i in Table 4. 


Table 4. BSC Data-Link Control Characters 


ПВН авва 2 
| Command | Byte 1 | Byte 2 | Command | Byte 1 | Byte 2 


SYN 
SOH 
STX 

| EOB (ETB) 
ETX 
ЕМО 


DLE 


ITB 
EOT 
ACK 0 
ACK 1 
NAK 
WACK 
RVI ` 


Note: *Programmable m К 


LEADING РАО 


1 ВУТЕ 
(АВ1) 


А heading is a block of data starting with ап ЗОН and contain- 
ing one or more characters that are used for message control 
(e.g., message identification, routing, and priority). The ЗОН 
initiates the block-check-character (BCC) accumulation, but is 
not included in the accumulation. The heading is terminated by 
STX when it is part of a block containing both heading and text. 
A block containing only a heading is terminated with an ITB or 
an ETB followed by the BCC. Only the first SOH or STX ina 
transmission block following a line turnaround:causes the BCC 
to reset. All succeeding STX or SOH characters are included 
in the BCC. This permits the entire transmission (excluding the 
first SOH or STX) е Бө plock-chieeked: | 


The text data is transmitted i in complete units called messages, 
which are initiated by STX and concluded with ETX. A message 
can be subdivided into smaller blocks for ease in processing 
and more efficient error control. Each block starts with STX and 
ends with ETB (except for the last block of a message, which 
ends with ETX). A single transmission can contain any number 
of blocks (ending with ETB) or messages (ending with ETX). An 
EOT following the last ETX block indicates a normal end of 
transmission. Message blocking without line turnaround can be 
accomplished by using ПВ (see the Additional Data Link | 
Capabilities section, ІВМ GA lacri 


Two modes of data transfers are used in BSC. In non-transparent 
mode, data link control characters may not appear as text data. 
In transparent mode, each control character is preceded by a 
deta link escape (DLE) character to differentiate it from the text 
data. Table 5 indicates which control characters are excluded 
іп the CRC generation. All characters not shown in the table are 
included in the CRC generation. Figure 8 shows various formats 
for Control/Response Blocks and Heading and Text Blocks. 


Table 5. BSC Control Sequences — Inclusion 
in CRC Accumulation | 


M | Included іп CRC Accumulation | 
| Character of Sequence | 


DLESYN 
DLESOH 
DLESTX 
DLE — 
DLE 
(DLE)DLE DLE(DLE) 
“И not preceded within the same block by transparent heading 
information. 


TRAILING | 
PAD | 
11111111 


Figure 7. BSC Block Format 


2-190 


161-2 


CONTROL/RESPONSE BLOCKS: 


LEADING FOLLOW- № | FOLLOW- 
PAD SYN | EOT ING PAD | АВРО ING PAD | 


POLLING OR SELECTION 


LEADING FOLLOW- 


POSITIVE ACKNOWLEDGEMENT 


LEADING FOLLOW- 
PAD ING PAD 


NEGATIVE ACKNOWLEDGEMENT 


HEADING AND TEXT BLOCKS: 


RESET Bcc | À — — INCLUDED IN Se 


LEADING FOLLOW- 
PAD | HEADING . : ING PAD 


HEADING ONLY 


RESET E AP REIR INCLUDED IN BCC ---- шаға ІМ ^ 


HEADING 
! 


FOLLOW- 
ING PAD 


LEADING 
PAD 


! = 
NONTRANSPARENT HEADING AND TEXT 


RESET BCC NCLUDED IN всс>| |-—— нешџоео IN acc — —5| 


! 


LEADING | T | ze қ FOLLOW-| 
PAR | ^ ING PAD | 


TRANSPARENT ТЕХТ *DLE EXCLUDED FROM BCC CALCULATION. 


Figure 8. BSC Message Format Examples 


09SS9H 


(ода) лэнодиоэ зиоцеоипшшо> гооорола- пи 
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BSC Receiver Operation 


Character length defaults to eight bits in BSC mode. When ASCII 
is selected, the eighth: bit is used for parity provided that 
VRC/LRC polynomial is selected. Character assembly starts after 
the receipt of two consecutive SYN characters. Serial data bits 
are shifted through the Receiver Shift Register into the Serial- 
to-Parallel Register and transferred to the RxFIFO. The RDA 


~ Status bit in the RSR is set to 1 each time data is transferred 


to the RxFIFO. The SYN character in non-transparent mode and 
DLE-SYN pairs in transparent mode are discarded. 


The receiver starts each block in the non-transparent mode. It 
Switches to transparent mode if a block begins with a DLE-SOH 
or DLE-STX pair. The receiver remains in transparent mode until 
a DLE-ITB, DLE-ETB, DLE-ETX or DLE-ENQ pair is received. 
BCC accumulation begins after an opening SOH, STX, or DLE- 


STX. SYN characters in non-transparent mode or DLE-SYN pairs 


in transparent mode are excluded from the BCC accurhulation. 


The first DLE of a DLE-DLE sequence is not included in the ВСС. 


accumulation and is discarded. The BCC is checked after receipt 
of an ITB, ETB, or ETX in non-transparent mode or DLE-ITB, 
DLE-ETB, DLE-ETX in transparent mode. If a CRC error is 
detected, the C/PERR and EOF bits in the RSR are set to 1. 
№ по error is detected only the EOF bit is set. If the closing 
character was an ITB, BCC accumulation and character 
assembly starts again on the first character following the BCC. 


BSC Transmitter Operation | 3 


BSC transmission begins with the sending of an opening pad 
(PAD) and two sync (SYN) characters. These characters are pro- 


grammable and stored т AR1(PAD) and AR2(SYN). ЗОН or STX 


initiates the block-check-character (BCC) accumulation. An in- 
itial SOH or STX is not included in the BCC accumulation. Should 
an underrun condition occur, the content of AR2 (normally SYN 
character) is transmitted until new characters become available. 


LEADING PAD 
5-8 BITS 
` (AR1) 


The message is terminated by the transmission of the BCC 
followed by a closing pad when an ETB, ITB, or ETX is fetched 
from the TxFIFO. The closing PAD is generated by the MPCC. 


In transparent mode, the BCC accumulation is initiated by DLE- 
STX and is terminated by the sequences DLE-ETX, DLE-ETB, 
or DLE-ITB. See Table 5 for character sequence and inclusion 
in CRC accumulation. If an underrun occurs, DLE-SYN charac- 
ters will be transmitted until new characters are available in the 
TxFIFO, ETC, ETX, ITB, or ENQ with a TLAST tag is treated 
as a control character and the MPCC automatically inserts a DLE 
immediately preceding these characters, DLE-ETB, DLE-ETX, 
DLE-ITB, or DLE-ENQ terminates a block of transparent text, 
and returns the data link to normal mode. BCC generation is 
not used for messages beginning with characters other than 
SOH, STX, DLE-SOH, or DLE-STX. On all message types, if the 
TSYN bit is set to 1 in the TCR, a SYN-SYN (DLE-SYN sequence 
on transparent messages) sequence is transmitted before the 
next character is fetched from the TxFIFO. 


CHARACTER ORIENTED PROTOCOLS 


The character oriented protocol (COP) option uses the format 
shown in Figure 9. It may be used for various character oriented 
protocols with 5-8 bit character sizes and optional parity check- 
ing. The input data is checked on a bit-by-bit basis for a pair 
of consecutive SYN characters to establish character syn- 
chronization. These SYN characters are discarded after detec- 
tion. The PAD and SYN characters may be 5-8 bits long and 
are user programmable as stored in AR1 and АН2, respectively. 


If parity checking is enabled the characters assembled after · 
character sync are checked for parity errors. If STRSYN is set 
in the RCR, all SYN characters detected within the message 
will be discarded and will not be passed on to the RxFIFO. If 
STRSYN is reset, SYNs detected within the message will be 
treated as data. 


MESSAGE 
———————— 5-8 ВТ CHARACTERS 


Figure 9. Character Oriented Protocol Format 
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£6L-c 


R6502 


CPU 


90 


CLOCK 


(1 MHz) | 


GENERATOR | 


| 


MEMORY 


А0-А15 
=== 
а 
БЕЗІНЕН 


о9вс9н 


ТО МОРЕМ 
OR DCD 


(одам) лэподио suoneoiunuiuo? |озојола типу 


Figure 10. Typical Interface to 6500-Based System 


уб!-а 


MC6800 
MPU 


GENERATOR 


MEMORY 


| ОМА REQ 
| ОМА GRANT D 


GRNT 


0956598 


ТО МОРЕМ 
OR DCD 


(ода) лепоциод ѕиоцеоипшшоо |ооојола-ипи . 


Figure 11. Typical Interface to 6800-Based System 
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NOTES: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A 
HIGH VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 12. MPCC Read Cycle Timing 
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que 
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NOTES: TIMING MEASUREMENTS АВЕ REFERENCED ТО AND FROM А LOW VOLTAGE OF 0.8 VOLTS AND А 
HIGH VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. 


Figure 13. MPCC Write Cycle Timing 
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INTERNAL 
RECEIVER 


| CLOCK ` ^o p 
_ (BAUD | 
ВАТЕ) | | 
.. RDSR vua 


ASSERT FOR — 


EXTERNALLY | 1 CLOCK CYCLE 


LATCHED 
 RDSR 


КАИ E 


NOTES: TIMING MEASUREMENTS ARE REFERENCED ТО AND FROM А LOW VOLTAGE OF 0.8 VOLTS AND А HIGH 
. VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. | | | 


| Figure 14. MPCC to Memory DMA Transfer Cycle Timing (Receiver DMA Mode). 
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INTERNAL | 
TRANSMITTER 
CLOCK 


TOSR 


ASSERT FOR 
1 CLOCK CYCLE 


EXT ERNALLY 
LATCHED 
TDSR 


| (20) pe) 
| жатат 
odi С o | j 


NOTES: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH 
| VOLTAGE ОР 2.0 VOLTS, UNLESS VIHEHAISE NOTED. 


Figure 15. Memory to MPCC DMA Transfer Cycle Timing Шөн! ОМА Mode). 
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HIGH SPEED APPLICATION 


Di 


TxC/RxC е Ке | р 


—| ее | Зе. 


| SORRY ВАТА МОС ОФ ОФ А D ӘӘ 
TxD/RxD Sey DATA | оо РАТА ИСС Со А ВАТА МХ 
УА А КО в ОО. с AS 


_ LOW SPEED APPLICATION (RS-232 COMPATIBLE) 


TxC 


| | | AC | т — хх | pe 
TxD ^^ DATAA RSN -CDATA В RSSA <x 
(5% Roy с са а © 


RxC (ТхС) 


Figure 16. Serial Interface Timing 


NOTE: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND А HIGH 
VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED. | 


Figure 17. Serial interface Echo Mode Timing 
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AC CHARACTERISTICS 
(Усс = 5.0 Міс i596, Vss = 0 Vdc, ТА = 0°C to 7090) 


R/W High to 02 High 
ПТ Address Valid to CS Low 
CS Low to 02 High 
02 High to Data Valid 
02 Low to Data Invalid 
02 Low to ЕЛУ Low 
02 Low to Address Invalid 
R/W Low to 02 High 
Data Valid to 02 Low 
02 Low to Data Invalid 
02 Low to R/W High 
РАСК Low to 02 High 
02 Low to DACK High 
DTS Low to 02 Low гара. 
РАСК Low to Data Valid, DONE Low taLDV 
02 Low to Data Invalid 
РАСК, DONE Low to 02 High 
Data Valid to 02 Low 
02 Low to Data Invalid 
02 Low to DACK, DONE High 
RxC and TxC Period 
TxC Low to TxD Delay 
RxC Low to RxD Transition (Hold) 
RxD Transition to ВхС Low (Setup) 
RxD to TxD Delay (Echo Mode) 


Min 


бангн | 
уз. . 

| (ан 
Фноу 


їо рхя 
РЕСЕ 


| 


АН 


| tovat 
teLDXxw 


— 
ojo 


lo, RH 


- 
о 


— 
~ 
о 


ДАН 
17 


о 


toLDxpR 
taLoH 


~ 


-» 
-ь 


іругі. 
foLDXDW ` 
он 


їтсіто 
tRcLRD 
tRDRCL 


ото 


МОРЕМ/ОСЕ 


Rx TIMING (DD) 
Rx DATA (BB) 


Tx TIMING (DA) 


Tx DATA (BA) 


HIGH SPEED INTERFACE LOW SPEED (RS-232) INTERFACE 


Figure 18. Serial Interface 
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ABSOLUTE MAXIMUM RATINGS* 


[me 


THERMAL CHARACTERISTICS 


_ Thermal Resistance 
Ceramic i 
Plastic 


Rating 


°C/W 


| 
5 Б0\/ #5% 


Parameter 


Усс Ромег Supply 
Operating Temperature — 


| 0°C to 70°С” | 


DC CHARACTERISTICS 


С Multi-Protocol Communications Controller (MPCC) 


ок | 
У] 


"NOTE: Stresses above those listed under ABSOLUTE MAX- 


IMUM RATINGS may cause permanent damage to the device. - 
This is a stress rating only and functional operation of the device 


at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. : | 


(Мсс = 5.0 Мас + 5%, Vss = 0 Мас, Тд = 09С to 70°С unless otherwise noted) 


Parameter | 


Input High Voltage | Vin 
All Inputs 
Input Low Voltage ViL 
. . All Inputs 


` Input Leakage Current 


e m —— 


АМ, RES, CS 


Three-State (Off State) Input Current - | 
IRQ, 00-07 


Output High Voltage 
RDSR, TDSR, IRQ, DO-D7, DSR, DTR, RTS, 
TxD, TxC 


BCLK 


Output Low Voltage - ___ 
RDSR, TDSR, IRQ, 00-07, DSR, ОТА, RTS, 
TxD, TxC, BCLK 


Internal Power Dissipation 


Input Capacitance 


Test Conditions 


pA | Vin = 0 to 5.25V + 
| Vcc = 0 "E 


0.4 to 2.4V 


Мес = 4.75V 
М lLoAD = 3.2 mA 


Мос = 475V | 
| ОАО. = 8.8 тА 


5865560 _________- Multi-Protocol Communications Controller (MPCC) 
PACKAGE DIMENSIONS у | қ us 


40-PIN CERAMIC DIP 


MILLIMETERS 


Е 
Гин | ма 
19 
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Rockwell 


R65C02 e R65C102 e R65C112 


В65С02, R65C102, AND В65С112 


Н65С00 MICROPROCESSORS (СР). 


DESCRIPTION. 


The 8-bit R65CO0 microprocessor family of devices are pro- 
duced using CMOS silicon gate technology which provides | 
advanced system architecture for performance speed and system 
cost-effectiveness enhancements over their NMOS counter- 
parts, the R6500 family of microprocessor devices. 


Three CPU devices are available. All are software-compatible 
and provide 64K bytes of addressable memory, interrupt input, 
and on-chip clock oscillators and drivers options. All are bus- 
compatible with the NMOS R6500 family devices. 


The CMOS family includes two microprocessors (R65C02 and 
- R65C102) with on-board clock oscillators and drivers and one 
microprocessor (R65C112) driven by external clocks. The on- 
chip clock versions are. aimed at high performance, low-cost 
applications where single phase inputs, crystal or RC inputs 
provide the time base. The slave processor version is geared 
for multiprocessor system applications where maximum timing 
control is mandatory. All R65C00 microprocessors are available i 
in ceramic and plastic packaging, operating frequency of 1 MHz, 
2 MHz, 3 MHz and 4 MHz, and commercial and industrial 
temperature versions. All three devices are housed in 40-pin 
packages. 


ENHANCEMENTS OVER R6502 


The CMOS family of microprocessor devices has been designed 
with many enhancements over the R6502 NMOS device while 
maintaining software compatibility. Besides the increased speed 
and lower power consumption inherent in CMOS technology, 
the Н65С00 family has added the following characteristics. 


12 new instructions for a total of 68 

59 new op codes, for a total of 210 

Two new addressing modes 

Seven software/operational enhancements 
Two hardware enhancements 


FEATURES 


CMOS silicon gate technology 

Low Power (4mA/MHz) 

Software compatible with R6502 | 
Single 5V +5% power supply requirements 
Eight bit parallel processing 

Decimal and binary arithmetic 

True indexing capability 

Programmable stack pointer 

Interrupt capability 

Non-maskable interrupt 

Eight-bit bidirectional data bus 

Addressable memory range of р to 64K bytes 
"Ready" input 

Direct memory access (DMA) capability 
Memory lock output Е 
1 MHz, 2 MHz, 3 MHz, and 4 MHz versions | 
Choice of external or on-chip ciocks 

On-chip clock options 

—External single clock input 

— Direct crystal input (-- 4) 

Commercial and industrial temperature versions 
Pipeline architecture 

e Slave processor version (R65C112) 


ORDERING INFORMATION 


Part Number: 


Н65С02 ___ 
А65С102 _____ 


R65C112 
le Temp. Range (T, to Ty) 


Blank = 0°C to +70°C 
E = —40°С to +85°С 


Frequency Range 
1 + 1 MHz 
2 = 2 MHz 
3 = 3 MHz 
4 = 4 MHz 


Package 
C = Ceramic 
P = Plastic 


Document No. 29651N52 
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Product Description Order No. 2149 
Rev. 2, February 1984 


R65C02, R65C 102, and Н65С112 ^ В65С00 Microprocessors (CPU) 
FUNCTIONAL DESCRIPTION | 


With the exception of a crystal oscillator, clock signals, Memory internal architecture for all three devices. This block diagram 


Latch (ML), and Bus Enable (BE) signals, the internal architec- supports the following text that describes the function of. each 
ture of the three members of the R65CO0 CPU of devices is iden- of the device's major elements. | 


tical. Figure 1 shows the block diagram of the R65CO0 CPU 


< REGISTER SECTION CONTROL SECTION — —» 
RES IRQ NMI 
INDEX | 
INTERRUPT 
REGISTER = үн 
| | Г 
А2 INDEX i WO | 
REGISTER [^ | ML 
X ' RDY 
- SYNC 
m _ XTLOO 
z с CT 
б а 
Ба. ЕР 
5 9 Ф 5 
Аб Е Ш Е = 
2 2 хтио 
ve | 
ADDRESS | : = | 
BUS " 5 | лан 
E [| TIMING 
| < 4-| CONTROL 
A9 m 
| ui | | 
z | | 
А10 
А11 | "m" 
m | MEE $0 IN, 02 ING) 
=т= 04 ОШТО). 
LATCH (DL) - 02 OUT?) 
A13 ( ) | M our 
` DATA BUS M~ INSTRUCTION : 
AE BUFFER | REGISTER BE | 
| БЕДЕ не | | 
АН ар эл 
| р2 | 
NOTES: Rane -D3 8 BIT LINE 
(1) R65C02 ONLY ШЕШ Ds DATA ft m 
(2) R65C02, R65C102 ONLY "p 04 | Bus | 
(3) R65C102 ONLY E E: | SINGLE LINE 
(4) В65С112 ONLY | | 5 
(5) R65C102, R65C112 ONLY DO | | 


Figure 1. В65С00 Internal Architecture 
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CRYSTAL OSCILLATOR (R65C102 Only) 


The crystal oscillator, driven by a crystal across XTLO and XTAI, 
divides the crystal frequency by four to provide the basic 02. 
clock signal that drives the internal clock generator. 


CLOCK GENERATOR 


The clock generator develops all internal clock signals, and 
(where applicable) external clock signals, associated with the 


device. It is the clock generator that drives the timing control ` 


unit and the external timing for slave mode operations. 


TIMING CONTROL 


The timing control unit keeps track of the instruction cycle being 
monitored. The unit is set to zero each time an instruction fetch 
is executed and is advanced at the beginning of each phase 
one clock pulse for as many cycles as is required to complete 
the instrüction. Each data transfer which takes place between 
the registers depends upon decoding the contents of both the 
instruction register and the timing PONIO! unit. - 


PROGRAM COUNTER 


The 16-bit program counter provides the addresses which step | 


the microprocessor through sequential instructions in a program. 


_ Each time the microprocessor fetches an instruction from pro- 


В65С00 Microprocessors (CPU) 


and modifies the address by adding the index register to it prior 
to performing the desired operation. Pre- or post-indexing. of 


indirect addresses is Беда (599 addressing modes). 


STACK POINTER 


The stack pointer is ап’ 8-bit register used to control the | 
addressing of the variable-length stack on page one. The stack 
pointer is automatically incremented and decremented under 
control of the microprocessor to perform stack manipulations 
under direction of either the program or interrupts (ММГ and 
IRQ). The stack allows simple implementation of nested sub- 
routines and multiple level interrupts. The stack pointer should 

be initialized before any interrupts or stack operations occur. 


PROCESSOR STATUS REGISTER 
The 8-bit processor status register contains seven status flags. 


· Some of the flags are controlled by the program, others may Бе 
controlled both by the program and the CPU. The В65С00 


instruction set contains a number of conditional branch instruc- 


tions which : are designed to allow testing of these flags. 


HARDWARE ENHANCEMENTS 


The R65C00 family of CPU devices һауе Т hardware 


B ’ enhancements over their NMOS counterpart, the R6502. These 
hardware enhancements are: 


ге Тће NMOS device would ignore the assertion of a Ready 


gram memory, the lower byte of the program counter (PCL) is. 


placed on the low-order bits of the address bus and the higher. 
byte of the program counter (РСН) is placed on the high-order. 


8 bits. The counter is incremented each time an instruction or 
data is fetched from program memory. 


INSTRUCTION REGISTER AND DECODE 


Instructions fetched from memory are gated onto the internal 


- (RDY) during a write operation. The CMOS family will stop 
the processor during 02 clock if RDY is asserted during a 
write operation. 


Я е On the NMOS device, unused 778 pins (IRQ, NMI, 


data bus. These instructions are latched into the instruction reg- - 


‘ister, then decoded, along with timing and interrupt signals, to 
generate control signals for the various registers. - | 


АНІТНМЕТІС АМО LOGIC UNIT (ALU) 


All arithmetic and logic operations take place i in the ALU including 
incrementing ånd decrementing internal registers (except the 
program counter). The ALU has no internal memory and is used 
only to perform logical and transient numerical operations. 


ACCUMULATOR 


Тһе actumulator is а general purpose 8-bit register that stores .. 


the results of most arithmetic and logic operations, and in 
addition, the accumulator usually contains one of the two data 
words used in those operations. 


INDEX REGISTERS 


There are two 8-bit index registers (X and Y, which may be 
used to count program steps or to provide an index value to be 
used in generating. an effective address. 


When executing an instruction which specifies indexed 
addressing, the CPU fetches the op code and the base address, 
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RDY, RES, and SO) must be connected to a low imped- 
ance signal to avoid noise problems. These unused pins on 
the CMOS devices are internally connected by a high imped- 
ance to Voc (approximately 250K ohms). 


_ MAJOR FEATURES AND DIFFERENCES 


The functional aspects of and differences between the micro- 
processor configurations are shown in Table 1. | 


Table 1. Family Comparison Chart 


Feature 


R65C102 
R65C112 


„Рт compatible with NMOS R6502 X 
64K addressable bytes of memory X 
IRQ interrupt X 
On-chip clock oscillator X 
External clock only | X 
TTL level single phase clock input X 
RC time base clock input таа X 
Crystal time base clock input | X 

X 
X 


ххх 
x 


ххх 


Single phase clock input 

Two phase output clock 

SYNC and RDY signals 

Bus Enable (BE) signal 

Memory Lock (ML) output signal 

Direct Memory Access (DMA) capacity 

NMI interrupt signal | X 


хххххх 
X ж ж ж х 


'R65C02, R65C102, г and R65C112 
PIN ASSIGNMENTS 


Figure 2 shows the pin ан for the three members of 
the В65С00 CPU family. All three devices are housed in 40-ріп, 
dual-in-line, ceramic or plastic packages. 


R65C02 


Note: N.C. means no connection (not used) 


R65C102 


R65C00 Microprocessors (CPU) 


`А65С112_ 


Figure 2. Pin Assignments 


SIGNAL DESCRIPTIONS 


Reference the timing diagrams for the particuiar device in the 
following discussion. 


CLOCK SIGNALS (R65C02) 


Тһе В65С02 requires an external 00 clock. 00 is а TTL level 
input that is used to generate the internal clocks of the R65C02. 
Two full level output clocks are generated by the R65C02. The 
02 clock is in phase with 00. The 01 clock output is 180? out of 
phase with 00. When the input clock is ЭРЕ the CPU is in 
the standby mode. 


Рог non-critical timing configurations, a simple RC or crystal 
network may be strapped between 00 (ІМ) and 01 (OUT). 


CLOCK SIGNALS (R65C102) 


The R65C 102 internal clocks may be generated by а TTL level 
single phase input, an RC time base input, or a crystal time base 
input (+ 4) using the XTLO and XTLI input pins. Two full level 
output clocks are generated by the R65C102. Тһе 02 clock 
output provides timing for external R/W operations. Addresses 
are valid after the address setup time (taps) referenced to the 
falling edge of 02 (OUT). The 04 output is a quadrature output 
clock that is delayed from the falling edge of the @2 clock by 
delay time tays. Using the 04 clock, addresses are valid at the 
rising edge of 04. | 
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CLOCK SIGNALS (R65C112) 


All internal clock signals for the R65C112 are generated by the 
input clock signal 02 (IN). Since this device is intended to be 
operated in the slave mode it does not have internal clock gen- 


eration, but rather requires the external clock 02 (IN) from a host 


device. 


ADDRESS BUS (A0-A15) 


А0-А15 forms a 16-bit address bus for memory and /О 
exchanges on the data bus. The output of each address line is 
TTL compatible, capable of driving one standard TTL load and 

130pF. | 


DATA BUS (00-07) 


The data lines (DO-D7) constitute an 8-bit bidirectional data bus 
used for data exchanges to and from the device and peripherals. 
The outputs are tri-state buffers capable of ZR one TTL load 
and 130pF. 


BUS ENABLE (BE) 


This signal allows external control of the дайа and the address 
output buffers and R/W. For normal operation, BE 
is high causing the address buffers and R/W to be active 
and the data buffers to be active during a write cycle. For exter- 
nal control, BE is held low to disable the buffers. BE is an asyn- 


_chronous signal and therefore not related to, or controlled by 


the CPU internal clock signals; 
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INTERRUPT REQUEST (IRQ) 


This TTL compatible input requests that an interrupt sequence 
begin within the microprocessor. The IRQ is sampled during 02 
operation; if the interrupt flag in the processor status register is 
zero, the current instruction is completed and the interrupt 
sequence begins during 01. The program counter and processor 
status register are stored in the.stack. The microprocessor will 


г then зе the interrupt mask flag high so that no further IRQs may 
occur. At the end of this cycle, the program counter low byte will ` 


be loaded from address FFFE, and program counter high byte 


from location FFFF, thus transferring program control to the ` 
memory vector located at these addresses. The RDY signal 


must be in the high state for any interrupt to be recognized. A 
3K ohm external resistor should be used for proper wire OR 
operation. · | | 


MEMORY LOCK (ML) 


Ina multiprocessor system, the ML output indicates the need 


to defer the rearbitration of the next bus cycle to ensure the 


integrity of read-modify-write instructions. ML goes low during 


ASL, DEC, INC, LSR, ROL, ROR, TRB, TSB memory refer- 


'encing instructions. This signal is low for the modify and write - 


cycles. 


NON-MASKABLE INTERRUPT (ММ?) 


А negative-going edge on this input requests that a non-mask- | 


able interrupt sequence be generated within the micropro- 
cessor. The NMI is sampled during 02; the current instruction 
is completed and the interrupt sequence begins during 01. The 
program counter is loaded with the interrupt vector from loca- 


tions FFFA (low byte) and FFFB (high byte), thereby transferring 


program control to the non-maskable interrupt routine. 


NOTE 


Since this interrupt is non-maskable, another ММ! can 
occur before the first is finished. Care should be taken 
when using NMI to avoid this. | 


READY (RDY) 


This input allows the user to single-cycle the microprocessor on 
all cycles including write cycles. A negative transition to the low 
state, during or coincident with 01, will halt the microprocessor 
with the output address lines reflecting the current address 
being fetched. This condition will remain through a subsequent 
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_ 02 іп which the ready signal is low. This feature allows micro- 


processor interfacing with low-speed memory as well as direct 
memory access (DMA). 


READ/WRITE (R/W) 


This signal is normally in the high state indicating that the 
microprocessor is reading data from memory or I/O bus. In the 
low state the data bus has valid data from the microprocessor. 
to be stored at the addressed memory location. | 


SET OVERFLOW (SO) 


A negative transition on this line sets the overflow bit (V) in the 
processor status register. The signal is sampled prior to the 
leading edge of 02 by the processor control time (інуус). | 
RESET (RES) 

This input resets the microprocessor. Reset must be held low 
for at least two clock cycles after Vcc reaches operating voltage 
from a power down. A positive transistion on this pin will then 
cause an initialization sequence to begin. Likewise, after the 
system has been operating, a low on this line of at least two 
cycles will cease microprocessing activity, followed by initiali- 
zation after the positive edge on RES. | 
When a positive edge is detected, there is an initialization 
sequence lasting six clock cycles. Then the interrupt mask flag - 
is set, the decimal mode is cleared, and the program counter 
is loaded with the restart vector from locations FFFC (low byte) 
and FFFD (high byte). This is the start location for program con- 
trol. This input should be high in normal operation. 


SYNCHRONIZE (SYNC) 


This output line identifies those cycles during which the micro- 
processor is fetching the instruction operation code (OP CODE). 
The SYNC line goes high during 01 of an OP CODE fetch and 
stays high for the remainder of that cycle. If the RDY line is 
pulled low during the 01 clock pulse in which SYNC went high, 
the processor will stop in its current state and will remain in the 
state until the RDY line goes high. In this manner, the SYNC 
signal can be used to control НОУ to cause single instruction 
execution. Е 


OPERATIONAL ЕМНАМСЕМЕМТ$ 


Table 2 lists the operational enhancements that have been 
added to the CMOS family of CPU devices and compares the 
results with their NMOS R6502 counterpart. 


Table 2. CMOS Operational Enhancements 


Execution of invalid op codes. 


Read/modify/write instructions at effective 
address. | | 


Flags after decimal operation. · 


Interrupt after fetch of BRK instruction. 


| Function .— —— | | NMOS Н6502 Microprocessor | CMOS Н65С00 Family Microprocessor 
Indexed addressing across page boundary. Extra read of invalid address. io Extra read of last instruction byte 


Some terminate only by reset. Results are All are NOPs (reserved for future use). 
24 | | undefined. kr а" 
Jump indirect, operand = XXFF. | | Page address does not increment. "| Page address increments and adds one ad- . 
| ‚| ditional cycle. | 
One read and two write cycles. "| Two read and one write cycle. | 
Decimal Над. — | Indeterminate after reset. — | | 


Invalid N, V and Z flags. Valid flag adds one additional cycle 


“| Interrupt vector is loaded, BRK vector is BRK is executed, then interrupt is executed. 
ignored. | | | 


 lnitialized to binary mode (D=0) after reset 
and interrupts. 5 
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ADDRESSING MODES 
The. 865С00 СРИ family has 15 addressing modes (two more 


than the NMOS equivalent family). In the following discussion. 


of these addressing modes, a bracketed expression follows the 


Ше of the mode. This expression is the term used in the Instruc- 
tion Set Op Code Matrix table (later in this product description) 


to make it easier to identify the actual addressing mode used 


· by the instruction. 


‘ACCUMULATOR ADDRESSING [Accum]—This form of ad- 
dressing is represented with a one pyte, instruction, implying an 
operation on the accumulator. 


| IMMEDIATE ADDRESSING [IMM]—!n immediate addressing, 
the second byte of the instruction contains the operand, with no 
further memory addressing reduc. 


ABSOLUTE ADDRESSING [ABS]—In absolute addressing, the 
second byte of the instruction specifies the eight low order bits 
of the effective address while the third byte specifies the eight 
high order bits. Thus the absolute addressing mode allows 
access to the entire 64K bytes of addressable memory. 


_ ZERO PAGE ADDRESSING [ZP]— The zero page instructions 
allow for shorter code and execution times by fetching only the 
second byte of the instruction and assuming a zero high address 
byte. Careful use of the zero page can 52 in significant 
increase | in code efficiency. | 


ZERO PAGE INDEXED ADDRESSING [2Р, Хог Y]—(X, Y 
indexing)— This form of addressing is used with the index reg- 
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"INDEXED ABSOLUTE INDIRECT [(ABS, xr | 


The contents of the second and third instruction bytes are added 
to the X-register. The sixteen-bit result is a memory address con- 
taining the effective address. G MP (ABS, X) олу). 


IMPLIED ADDRESSING [Implied]—In the implied завети 


mode, the address containing the operand is nod stated in. жез 


the operation code of the instruction. 


RELATIVE ADDRESSING [Relative] —Relative addressing is 
used only with branch instructions and establishes a destination 
for the conditional branch. 


The second byte of the instruction becomes the operand which 
is an "Offset" added to the contents of the lower eight bits of 


the program counter when the counter is set at the next instruc- 


tion. The range of the offset is —128 to +127 bytes, from the 
next instruction. 


INDEXED INDIRECT ADDRESSING (МО, X)]—In indexed 
indirect addressing (referred to as (Indirect, X)), the second byte 
of the instruction is added to the contents of the X index register, 
discarding the carry. The result of this addition points to a 
memory location on page zero whose contents are the low order 
eight bits of the effective address. The next memory location in 
page zero contains the high order eight bits of the effective 
address. Both memory locations specifying the high and low 


order bytes of the effective address must be in page zero. 


о INDIRECT INDEXED ADDRESSING [(IND), Y]—In indirect 


ister and is referred to as "Zero Page, X" or "Zero Page, У". - 


The effective address is calculated by adding the second byte 
to the contents of the index register. Since this is a form of "Zero 
Page" addressing, the content of the second byte references 
‚а location in page zero. Additionally, due to the "Zero Page" 
addressing nature of this mode, no carry is added to the high 
order eight bits of memory and crossing of page boundaries 
does not occur. 


ABSOLUTE INDEXED ADDRESSING [ABS, X or Y]—(X, Y 
_ indexing)— This form of addressing is used in conjunction with 
.X and Y index register and is referred to as "Absolute, X" and 
"Absolute, Y". The effective address is formed by adding the 
contents of X or Y to the address contained in the second and 
third bytes of the instruction. This mode allows the index register 
to contain the index or count value and the instruction to contain 
the base address. This type of indexing allows any location ref- 
erencing and the index to modify multiple fields, resulting in 
‘reduced coding and execution time. | 


NOTE 


indexed addressing (referred to as (Indirect), Y), the second 
byte of the instruction points to a memory location in page zero. 
The contents of this memory location are added to the contents 
of the Y index register, the result being the low order eight bits 


-of the effective address. The carry from this addition is added 


to the contents of the next page zero memory location, the result 
being the high order eight bits of the effective address. — 


ABSOLUTE INDIRECT [(ABS)]—The second byte of the instruc- 
tion contains the low order eight bits of a memory location. The 
high order eight bits of that memory location are contained in 
the third byte of the instruction. The contents of the fully specified 
memory location are the low order byte of the effective address. 
The next memory location contains the high order byte of the 
effective address which is loaded into the sixteen bits: of the 
program counter. (JMP (ABS) only.) © 


INDIRECT [(IND)]*—The second byte of the instruction con- 
tains a zero page address serving as the indirect pointer. — 


*These addressing modes are not available to the NMOS CPU 


family (e.g., the R6502). 
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R65C02, R65C102, and R65C112 
INSTRUCTION SET 
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Table 3 lists the instruction set for the CMOS: ‘CPU family i in family. Table 5 lists those instructions that were available on the 


alphabetic order according to mnemonic. Table 4 lists the hex- NMOS family, but have been па носи пем addressing r modes. 
_adecimal codes for each of the instructions that are new to the in the CMOS CPU ic 


CMOS family and were not available in the NMOS R6502 device 


Table 3. Alphabetic Listing of Instruction Set 


Add Memory to Accumulator with Carry 
"AND" Memory with Accumulator · 
Shift Left One Bit (Memory or Accumulator) 


Branch on Bit Reset | 
Branch on Bit Set 
Branch on Carry Clear 
. Branch on Carry Set 
Branch on Result Zero | 
Test Bits in Memory with Accumulator 

Branch on Result Minus 
Branch on Result not Zero 

| Branch on Result Plus 

"| Branch Always ` | 
Force Break 
Branch on Overflow Clear 
Branch on Overflow Set | 


В Сеаг Carry Рад | 
Clear Decimal Mode | 
Clear Interrupt Disable Bit 
Clear Overflow Flag 
Compare Memory and Accumulator 
Compare Memory and Index X 
| Сотраге Метогу апа Іпдех У 


Decrement Memory by ! One | 
| Decrement Index X by One | 
| Decrement Index Y by Опе | 


"Exclusive-OR" anions with Accumulator 


| increment Memory by One 
Increment Index X by One 
Increment Index Y by One 


Jump to New Location 
Jump to New Location Saving Return Address 


Load Accumulator with Memory 

Load Index X with Memory 

Load Index Y with Memory 

Shift One Bit Right (Memory or Accumulator) 


Notes: 
(1) Instruction not available on the NMOS family. 


(2) R6502 instruction with additional addressing mode(s). 
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No Operation 


"OR" Memory with Accumlator 


. Push Accumulator on Stack 


Push Processor Status on Stack 
Push: X Register on Stack . ` 
Push Y Register on Stack 

Pull Accumulator from Stack : 

Pull Processor Status from Stack | 
Pull X Register from Stack 

Pull Y Register from Stack 


| Reset Memory: Bit. 


Rotate One Bit Left (Memory c or а e 
Rotate One Bit Right (Memory or Accumulator 
Return from Interrupt . 
Return from Subroutine 


Subtract Memory from Accumulator with Barrow 


бе! Carry Flag 


Set Decimal Mode 

Set Interrupt Disable Status 
Set Memory Bit 

Store: Accumulator in Memory 


| Store Index X in Memory 


Store Index Y in Memory 
Store Zero | 


| Transfer Accumulator to Index X 
| Transfer Accumulator to Index Y 


Test and Reset Bits 

Test and Set Bits 

Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register 
Transfer Index Y to Accumulator 
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Table 4. i Hexadecimal Codes For New Instructions in The CMOS Family 


ом __Беспрбоп | | 


80 КИ 9 | Branch relative always [Relative] 
| | Decrement accumulator [Accum] 
Increment accumulator [Accum] 
. Push X on stack [Implied] 
.. Push Y on stack [Implied]. 
» Pull X from stack [Implied] 
Pull Y from stack [Implied] 
Store zero [Absolute] - 
Store zero [ABS, X] 
. Store zero [ZP] 
Store zero [ZP, X] 
Test and reset memory bits with accumulator [ABS] 
Test and reset memory bits with accumulator [ZP] 
Test and set memory bits with accumulator [ABS] 
Test and set memory bits with accumulator [ZP] 
Test Immediate with accumulator [IMM] 
Branch on bit reset [Bit Manipulation, ZP, REL] 
Branch on bit set [Bit Manipulation, ZP, REL] 
Reset memory bit [Bit Manipulation, ZP] 
Set memory bit [Bit Manipulation, ZP} — 


ВЕ-РЕО) 
; 07-770) 
. 87-F7'? 


Note: | | 
1. Most significant digit change only. 


Table 5. Hexadecimal Codes For Instructions With New CMOS Addressing Modes 


. Description 


Add memory to accumulator with carry [(IND)] 
AND memory with accumulator [!М0)] _ 

Test memory bits with accumulator [ABS, X] 
Test memory bits with. accumulator [ZP, X] 
Compare memory and accumulator [(IND)] 
Exclusive Or memory with accumulator [(IND)] 


Jump (New addressing mode) [(ABS, X)] . 

Load accumulator with memory [(IND)] 

OR memory with accumulator | МО). | 
Subtract Memory from accumulator with borrow [(IND)] 
Store accumulator in memory [(IND)] 
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R65C02, R65C102, and R65C112 Н65С00 Microprocessors (CPU) 
INSTRUCTION SET OP CODE MATRIX. | 


The following matrix shows the 210 Op Codes associated with the number of instruction bytes, and the number of machine 

the Н65С00 family of CPU devices. The matrix identifies the cycles associated with each Op Code. Also, refer to the insfruc- 

hexadecimal code, the mnemonic code, the addressing mode, tion set summary for additional information on these Op Codes. 
LSD 


0 


e 

[2] 
> ВАК ОВА 
0 | Implied | (IND, X) 
171|26 


4 | | 
РНР | | + 
Implied | | 0 
13 ; | | | 
CLC | B 
Implied | | 1. 
12 | | | 


1 | Relative | (IND), Y 


JSR | AND PLP | | | 
2 ABS | (МО, X) Implied ; 2 

36 26 1 4 6 |: 

. SEC 43 | 
3 Implied : | 3 
; 1 2 | | 

ВТ! | EOR РНА | | А [Е 
4 | Implied | (IND, X) Implied | | а ЩЕ 4 

16126 13 ШЕ 


си | | 
Implied | Хр 5 
12 | а | | 


PLA. - кіні) 
Implied | | 6 


1 4 FT 
SEI | Е | | 
Implied ‚У | Implied | | 7 
г 12 1 4: | 
| Al DEY TXA 
i | Implied Implied 
1 2 1 2. 
TYA TXS 
9 | Implied Implied 
| 12 12 
| LDY | LDA | | ТАУ ТАХ | 
А IMM |(ІМО, X) | | Implied Implied | 2 А 
22| 26 ; IC 12 | | 41 
| су 


1 
Т 
D 
1 


~ 


SX 
B |Relative| (IND), Y | | ( implied implied и в 
ЕХ 


2 
12 12 

СРУ | СМР | | 'CM | INY 
C мм | (IND, X) | Implied Implied 
г 2 2 6 1 2 2 
3 


CLD PHX 
D Implied Implied 
1 2 1 


INX NOP 
E Implied Implied E 
1 2 1 2 
SED PLX 
F Implied | A Implied F 
1 2 14 
0 1 2 3 4 5 6 Ps 8 9 A B C D E F 
0 
; TAdd 1 to N if in decimal mode. 
BRK | —OP Code | “Ада 1 to М if page boundary is crossed. 
__ 0 | Implied | —Addressing Mode “Ада 1 to N if branch occurs to same page; 
New Opcode " А : 
1 7 | —Instruction Bytes; Machine Cycles Add 2 to N if branch occurs to different page. 
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Hec 


: PROCESSOR ӘЛЕН 


ADDRESSING MODES 


eee, іле ZERO PAGE| гр ва. | ACCUM. | IMPLIED | оно, x) | (мо), у |z. PAGE. x] аве, х | caps, x) | авз. т [RELATE | mo | ра т в 5 4 3 2 1 0 | 
| | р САБИРА реја Ги реј“ [и реге е реја [у реја |і реја Џерија e peo («реја ово греје му в n o e| 
А+М+С—АП) (5) (7) 1 | 5 71|5 | 2 [75 | 4 |2 го 413 
и | а { |. й 16| 6 | 2 |Е|7 |3 

BBR |%6-7) | Branch оп М,-0 | | 


| BBS [#@-7)] | Branch оп М, =1 


Branch on С = =F 
Branch on C= 
Branch on 251 
А>М (6) 
Branch on N = 1 
Branch on Z- 8 
Branch on М= 
Branch Always 
Break 

Branch on V = 
Branch on М = 1 . 
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Notes: ; - | "eh d LEGEND 
1. Add 1 to МН page boundary is crossed. | : ЈЕ m M i = index X 
2. Add 1 to МИ branch occurs to same page. ‚= Index Y . | 

Add 2 to М И branch occurs to different page. = Accumulator . 
3. Carry not (C) = Borrow. Memory per effective address. 
4. Effects 8-bit data field of the specified г ero. o page address. = Memory per stack pointer а 
5. Add 1 to N if in Decimal Mode. — . = Selecter zero page memory bit 
6. On the Bit immediate instruction, the results of ‘the M, апа M, bits (N and v flags) are indeterminate and shoüld be considered invalid. = Memory Bit7 — — 
7. if in Decimal Mode, 2 flag is invalid. Accumulator must be checked for zero result. 
8. JMP (OP Code 6C) is an Absolute Indirect Addressing Mode (ABS). 
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AC CHARACTERISTICS | 


Parameter 
CLOCK TIMING 


КІСІШЕ | 
READ/WRITE TIMING 
CONTROL LINE TIMING 


Notes: 
1. В65С02 and В65С102 minimum operating frequency is limited by 92 iw pulse width. All processors can be stopped with 02 held high. 
. 2. R65C02 only. | 
3. R65C02 апа R65C102 only. | 
4. R65C102 only. 
5. R65C102 and R65C112 only. 
6. R65C112 only. 
7. Voltage levels shown are V, < 04V and Му = 24V unless otherwise stated. 
8. Measurement points shown are 0.8V (low) and 2.0V (high) for inputs and 1.5V (low and high). for outputs, unless otherwise specified. 
9. ВЕ signal is asynchronous. 
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R65C02, 8650 102, and R65C112 | С R65C00 Microprocessors (CPU) 


0 (IN) 


61 (OUT) 


92 (OUT) 


A0-A15, R/W 
| SYNC 


00-07 
(READ) 


00-07 
(WRITE) 


tee | . | | tee | 


ВЕ" 
tay 
NOTE: ALL TIMING IS REFERENCED FROM A HIGH VOLTAGE OF 2.4 VOLTS AND A LOW OF 0.5 VOLTS. 


“МІ. (MEMORY LOCK) AND BE (BUS ENABLE) NOT APPLICABLE TO R65C02. 


Figure 3. Timing Diagram for the R65C02 and R65C112 
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R65C02, R65C102, and Н65С112: 77 Н65С00 Microprocessors (CPU) 


XTLI (IN) 


XTLO (OUT) 


| 02 (OUT) 


$4 (OUT) 


R/W, SYNC, 
А0-А15, ML * 


00-07 ^ . оу я 2 2 ; 7070,0; 
(READ) ___ d 


D0-D7 ^- 
(WRITE) 


"n RDY ACTIVE 
RDY, 188, NEL ae eee 
NMI, RES IRG, ММ! AND RES ACTIVE 
ВЕ" | 
ву | | | 
NOTE: ALL TIMING IS REFERENCED FROM A HIGH VOLTAGE OF 2.4 VOLTS АМО A LOW OF 0.5 VOLTS. 


Figure 4. Timing Diagram for the R65C102 


CRYSTAL/CLOCK CONSIDERATIONS | Table 6. Nominal Crystal Parameters 


CRYSTAL/CLOCK CIRCUITS 

Figure 5 shows a time base generation scheme, for 4 MHz opera- RS 60 50 
tion of the R65C02, that has been tested and proven reliable for _ со 3.5 6.5 
normal environments. As with any clock oscillator circuit, stray C1 015 | .025 
capacitance due to board layout can cause unpredictable results Q 740K | 730K 


requiring "fine tuning" of the circuit. Figure 6 shows a possible Note: These represent at-cut crystal parameters only. Others may 
external clock scheme for a R65C102 and R65C112 master/slave be used. 

configuration. Table 6 identifies nominal crystal parameters for 
five crystal frequencies. 
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Н65С02, R65C102, and Ре5с112 _____ Н65С00 Microprocessors (CPU) 


96 (IN) 
R65C02 
$2 (OUT) 


NOTES: *CRYSTAL: CTS KNIGHTS MP SERIES, OR EQUIVALENT. 
**SEE CAUTION FOR STANDBY OPERATION. 


Figure 5. Example of R65C02 Time Base Generation 


STOPPING THE CLOCK-STANDBY MODE 


Caution must be exercised when configuring the R65C02 
or R65C112 in the standby mode (i.e., 00 IN ог 02 IN clock 
stopped). The input clock can be held in the high state indefi- 
nitely; however, if the input clock is held in the low state longer 
than 5 microseconds, internal register and data status can be 
lost. Figure 7 shows a circuit that will stop the 00 IN (865С02) 
or 02 ІМ (R65C112) clock in the high state during standby mode. 


62(OUT) R65C1 02 
XTLO 


L- STANDBY 
Н = АСТМЕ 


ТІМЕ 
ВАЗЕ 
(ЗЕЕ 
FIGURE 5* *) 


THE OSCILLATOR ІМ THE R65C102 IS SERIES RESONANT. 
| THE CRYSTAL INPUT IS DIVIDED BY 4: (R65C102 ONLY) 
rs хта. 
МОТЕ: T 
1. R65CO2 = 60 (IN) 
R65C112 = 02 (IN) 


SEE CAUTION FOR STANDBY OPERATION. 


Figure 6. Example of External Clock for R65C102 Figure 7. Standby Mode Circuit 
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_ R65C02, 865С 102, and R65C112 


MAXIMUM RATINGS* ЖА 
| Тәте | же ши] 
ТІ ЕЕЕ Vw | озо оо оз | мас 
| 3 
-Oto +70 


Operating Temperature и C 
Commercial Ж i 
Industrial ^ . -40 to +85 

—55 to +150 

OPERATING CONDITIONS 


Усс 
Уім 
| 2. TA 
| ұза "| Storage Temperature | 
| Parameter | Symbol | Мше | 


Temperature Range 
Commercial 
Andustrial 


09 to 709С 
-409С 10 +85°С 


DC CHARACTERISTICS 


^. Parameter 


.. Input High Voltage 
. , All Other Input Pins 
00 on R65CO2 
02 on R65C112 - 


Input Low Voltage 
All Other Input Pins 
00 on R65C02 
02 on R65C112 


Input Leakage Current I" 
NMI, ІНО, BE, RDY; RES, SO 
02 IN, 00 IN, XTLI 


Three-State (Off State) Input Current 
Data Lines A | 


Output High Voltage _ . = 
SYNC, Data, А0-А15, R/W, 01, 02, 04, ML 


Output Low Voltage | 


— 


SYNC, Data, A0-A15, R/W, 01, 02, 04, ML 


. Supply Current 

Standby^ “| 

Active (R65C02) 
Active (R65C 102) 
Active (R65C112) 

Low Power (R65C02) 
_Low Power (R65C 102) 
Low Power (R65C112) 


Capacitance __ 
NMI, IRQ, SO, BE, RDY 
. Data, 01, 02, 04, ML, XTLO 
А0-А15, R/W, SYNC 
до (IN), XTLI 
02 (IN) 


Notes: . | | | 
1. All units are direct current (dc). | 


| Supply Voltage _ БУ +5% | 
ТА | 


| Symbol | ма | Тур | Max | Unt | тев: Conditions 
Mig лі | | Ж. 


В65С00 Microprocessors (CPU) 


*Note 
Stresses above those listed may cause permanent damage to 
the device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


VIN = 0.4V to 2.4\ 
Veo = 5.25 00 


Voc = 4.75У | 
lLoap = 1.6 pA 


2. Negative sign indicates outward current flow, positive indicates inward flow. 


3. IRQ and" ММ! require external pull-up resistor. | 
4. Typical values аге shown for Усс = 5.0V and Т, = 259С. 


6% 


Rockwell 


PRELIMINARY 


FEAT URES 
e Low power CMOS N-well silicon gate technology 


DESCRIPTION 


The R65C21 Peripheral Interface Adapter. (PIA) is designed to 


solve a broad range of peripheral control problems in the imple- 
mentation of microcomputer systems. This device allows a very 
effective trade-off between software and hardware by providing 
significant capability and flexibility in a low cost chip. When cou- 
pled with the power and speed of the R6500, R6500/* or В65С00 
family of microprocessors, the R65C21 allows implementation 
of very complex systems at a minimum overall cost. 


Control of peripheral devices is handled. primarily through two 
8-bit bidirectional ports. Each of these lines can be programmed 
to act as either an input or an output. In addition, four peripheral 


control/interrupt input lines are provided. These lines can бе. 
used to interrupt the processor ог to “handshake” data between : 


the processor and a peripheral device. 


ORDERING INFORMATION 


The R65C21 iS available in both a ceramic and a plastic 40-pin 
package, a commercial or industrial operating temperature range, 
and operating frequencies of 1, 2, 3, ог 4 MHz. These versions 
are coded into the part number as follows: 


Part Number: 
R65C21___ | 
А Range (T, to nk 
Blank = 0°С to +70°С 
Е = —40°С to +85°С 


-Frequency Range: | 
1-1 MHz: 
2-2 MHz 
3 - 3 МН2 
4 = 4 MHz 


- Package: 
С = Ceramic 
Р = Plastic _ 


 R65C21 


В65С21 


PERIPHERAL INTERFACE ADAPTER (PIA) 


Direct replacement for NMOS R6520 or MC6821 PIA 


e Two 8-bit bidirectional 1/О ports with individual data direction. 
. control 


Automatic ' ‘Handshake” control of data transfers 

Two interrupts (one for each port) with EUN contro! 

1, 2, 3, and 4 MHz versions 

Commercial and industrial temperature range versions 
40-pin plastic and ceramic versions 

5 volt +5% supply requirements. 

Compatible with the R6500, Bi cuc and 865С00 family of 
ШИЫР ЕУ 


Ф У одл о № a 


Figure 1. | 


R65C21 Pin Configuration 


Document No. 29651N53 
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Product Description € Order No. 2150 
Rev. 2, March 1984 


Н65С21 


FUNCTIONAL DESCRIPTION 


The R65C21 PIA is organized into two independent sections 
referred to as the А Side and the B Side. Each section consists 
оѓ a Control Register (CRA, CRB), Data Direction Register 
(DDRA, DDRB), Output Register (ORA, ORB), Interrupt Status 
Control (ISCA, ISCB), and the buffers necessary to drive the 


E Peripheral Interface buses. Data Bus Buffers (DBB) interface 


CONTROL 


DATA BUS - 
BUFFER 
(DBB) 


. OUTPUT 
| REGISTERA | 
(ORA) 


DATA INPUT 


ao F- | | PERIPHERAL 


OUTPUT 
REGISTER B 


.CHIP 
SELECT 


& ВМ i | INPUT BUS 


г. CONTROL _ : 
| CONTROL 
REGISTER B 

(CRB) 


Peripheral Interface Adapter (PIA) 


data from the ve sections to the ata bus, while the Data Input 
Register (DIR) interfaces data from: the DBB to the PIA registers. 


» Chip. Select and. R/W control circuitry interface to the processor 


bus control lines. Figure 2 is a block лап. of the Н65С21 
РА. о 


—— INTERRUPT STATUS P 
„| CONTROL А (ISCA) 


DATA DIRECTION. 
REGISTER A 
(DDRA) 


PERIPHERAL || 


_ 7 PERIPHERAL 


— INTERFACE 


BUFFER A 
(PIBA) | 


PERIPHERAL 
INTERFACE 
BUFFER B 
(РВВ) | 


DATA DIRECTION 
REGISTER B 
(DDRB) 


1 INTERRUPT STATUS 
_ CONTROL В (ISCB) 


Figure 2. R65C21 PIA Block Diagram 
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R65C21 


DATA INPUT REGISTER (DIR) 


When the microprocessor writes data into the PIA, thé data 


which appears оп the data bus during the 62 clock pulse is 
latched into the Data Input Register (DIR). The data is then 
transferred into one of six internal registers of the PIA after the 
trailing edge of the 02 clock. This assures that the data on the 
peripheral output lines will make smooth transitions from high 
to low (or from low to high) and the voltage will remain stable 
except when it is going to the opposite polarity. 


CONTROL REGISTERS (CRA AND CRB) 

Table 1 illustrates the bit designation and functions in the two 
control registers. The control registers allow the microprocessor 
to control the operation of the Interrupt Control inputs (САТ, 
CA2, CB1, CB2), and Peripheral Contro! outputs (CA2, CB2). 
Bit 2 in each register controls the addressing of the Data Direc- 
tion Registers (DDRA, DDRB) and the Output Registers (ORA, 
ORB). In addition, two bits (bit 6 and 7) in each control register 
indicate the status of the Interrupt Input lines (САТ, CA2, СВ, 
CB2). These Interrupt Status bits (IRQA1, IRQA2 or IRQB1, 
IRQB2) are normally interrogated by the microprocessor during 
the IRQ interrupt service routine to determine the source of the 
interrupt. | 


DATA DIRECTION REGISTERS (DDRA, DDRB) 


The Data Direction Registers (DDRÀ, DDRB) allow the pro- 
cessor to program each line in the 8-bit Peripheral I/O port to 
be either an input or an output. Each bit in DDRA controls the 
corresponding line in the Peripheral A port and each bit in DDRB 
controls the corresponding line in the Peripheral B port. Writing 
а “0” in a bit position in the Data Direction Register causes the 
corresponding Peripheral /О line to act as an input; a “1” 
causes it to act as an output. | 


Bit 2 (DDRA, DDRB) in each Control Register (CRA and CRB) 
controls the accessing to the Data Direction Register or the 
Peripheral interface. If bit 2 is a “1,” a Peripheral Output register 
(ORA, ORB) is selected, and if bit 2 is a "0," a Data Direction 
Register (DDRA, DDRB) is selected. The Data Direction Reg- 
ister Access Control bit, together with the Register Select lines 
(RSO, RS1) selects the various internal registers as shown in 
Table 2. | 


In order to write data into DDRA, ORA, DDRB, or ORB registers, 
bit 2 in the proper Control Register must first be set. The desired 
register may then be accessed with the address determined by 
the address interconnect technique used. | 


Peripheral Interface Adapter (PIA) 


PERIPHERAL OUTPUT REGISTERS (ORA, ORB) 


The Peripheral Output Registers (ORA, ORB) store the output 


data from the Data Bus Buffers (DBB) which appears on the 
Peripheral ИО port. If a line on the Peripheral A Port is pro- | 
grammed as an output by the DDRA, writing a O into the cor- 
responding bit in the ORA causes that line to go low («0.4 V); 
writing a 1 causes the line to go high. The lines of the Peripheral 
B port are controlled by ORB in the same manner. 


INTERRUPT STATUS CONTROL (ISCA, ISCB) 


The four interrupt/peripheral control lines (CA1, CA2, CB1, CB2) 
are controlled by the Interrupt Status Control logic (A, B). This 
logic interprets the contents of the corresponding Control Reg- 
ister and detects active transitions on the interrupt inputs. 


PERIPHERAL I/O PORTS (РА0-РА7, PBO-PB7) 


The Peripheral A and Peripheral В I/O ports allow the micro- 
processor to interface to the input lines on the peripheral device 
by writing data into the Peripheral Output Register. They also 
allow the processor to interface with the peripheral device output 
lines by reading the data on the Peripheral Port input lines 
directly onto the data bus and into the internal registers of the 
processor. 


Each of the Peripheral I/O lines can be programmed to act as 
an input or an output. This is accomplished Бу setting a 1 in the 
corresponding bit in the Data Direction Register for those lines 


which are to act as outputs. A 0 in a bit of the Data Direction 


Register causes the corresponding Peripheral I/O lines to act 
as an input. | 


The buffers which drive the Peripheral A /О lines contain "pas- 
sive” pull-up devices. These pull-up devices are resistive in 
nature and therefore allow the output voltage to go to VCC for 
a logic 1. The switches can sink a full 3.2 mA, making these 


buffers capable of driving two standard TTL loads. 


In the input mode, the pull-up devices are still connected to the 
VO pin and still supply current to this pin. For this reason, these 
lines also represent two standard TTL loads in the input mode. 


The Peripheral B I/O port duplicates many of the functions of 
the Peripheral A port. The process of programming these lines 
to act as an input or an output is similar to the Peripheral A port, 
as is the effect of reading or writing this port. However, there 


‚ аге several characteristics of the buffers driving these lines 


which affect their use in peripheral interfacing. 


Table 1. Control Registers Bit Designations 
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DDRA 
Досаев САТ Control 


DDRB | 
Access CB1 Control 


R65C21 | 


The Peripheral В /О port buffers are push-pull devices i.e., the 
pull-up devices are switched OFF in the 0 state and ON for a 

logic 1. Since these pull-ups are active devices, the logic 1 
voltage. will not go higher than +2. 4м. 


Another difference between the РАО-РА7 lines and the PBO 
through PB7 lines is that they have three- state capability which 
allows them to enter a high impedance state when programmed 
to be used as input lines. In addition, data on these lines will- be 
read properly, when programmed as output lines, even if the 
data signals fall below 2.0 volts for a "high" state or are above 
0.8 volts for a “low” state. When programmed as output, each 
line can drive at least a two TTL load and may also be used as 
a source of up to 3.2 milliamperes at 1.5 volts to directly drive 
the base of a transistor switch, such as a Darlington pair. 


Because these outputs.are designed to drive transistors directly, 
the output data is read directly from the Peripheral Output Reg- 
ister for those lines programmed to. act as inputs: 


The final characteristic is the ИЧРЕ ЕК input state which 
is a function of the Peripheral B push-pull buffers. When the 
Peripheral B VO lines are programmed to act as inputs, the 
output buffer. enters the high impedance state. 


DATA BUS BUFFERS (DBB) 


The Data Bus Buffers are 8-bit bidirectional buffers used for data 
exchange, on the 00-07 Data Bus, between the microprocessor 
and the PIA. These buffers are tri-state and are capable of 
driving a two TTL load (when operating in an output mode) and 


represent a one TTL load to the microprocessor (when oper- . 


ating in an input mode). 


INTERFACE SIGNALS 


The PIA interfaces to the R6500, R6500/* or the R65C00 micro- 
processor family with a reset line, а 02 clock line, a read/write 
line, two interrupt request lines, two register select lines, three 
chip select lines, and an 8-bit bidirectional data bus. 


The PIA interfaces to the peripheral devices with four interrupt/ 
control lines and two 8-bit bidirectional data buses. 


00-07 


02. 
МАГ 
R6500, ам 
R6500/" 
RS1 
‚ OR cso 
MICROPROCESSOR = 
FAMILY eee 
RES 


TROA -a 
IRQB че ———— 
VSS · -- 
усс 


| Репрћега! Interface Adapter (PIA) 


Figure 1 (on the front page) shows the pin assignments for these. 
interface signals and Figure 3 shows the interface relationship 
of these signal as they pertain to. the. CPU and the peripheral 
devices. | 


CHIP SELECT (CS0, CS1, CS2) 


The PIA is selected when CSO and С51 are high and CS2 is 
low. These three chip select lines are normally connected to the 
processor address lines either. directly or through external 
decoder circuits. When the PIA is selected, data will be trans- 
ferred between the data lines and PIA registers, and/or periph- - 
eral interface lines as determined by the R/W, RSO, and RS1 
lines and the. contents of Control Registers A and B. | 


ВЕЗЕТ SIGNAL (RES) 


The Reset set (RES) input initializes the R65C21 PIA. A low signal 
on the RES input causes all internal registers to be cleared. 


CLOCK SIGNAL (02) 


The Phase 2 Clock Signal ( (2) is the Е glock that triggers 
а! data transfers between the CPU and the PIA. $2. is gener- 
ated by the CPU and is therefore the synchronizing signal 
between ШЕ СРЏ and the PIA. 


READ/WRITE SIGNAL (R/W) 


Read/Write (R/W) controls the direction of data transfers between 
the PIA and the data lines associated with the CPU and the 
peripheral devices. A high on the R/W line permits the peripheral 
devices to transfer data to the CPU from the PIA. A low on the 
R/W line allows data to be transfered. from the CPU to the 
peripheral devices from the PIA. 


REGISTER SELECT (RSO, RS1) 


The two Register Select lines (RSO, RS1), in л conjunction with 
the Control Registers (CRA, CRB) Data Direction Register access 
bits (see Table 1, bit 2) select the various R65C21 registers to 
be accessed by the CPU. RSO and RS1 are normally connected 
to the microprocessor (CPU) address output lines. Through con- 
trol of these lines, the CPU can write directly into the Control 


(18) РАС-РА7 | 


R65C21 


PERIPHERAL 
| - DEVICE 
САТ А 
СА2 
» | сБ. PERIPHERAL 
iMi 
2 DEVICE 
B 


РВО-РВ7 


Figure 3. Interface Signals Relationship 


А65С21 


Registers (CRA, CRB) the Data Direction Registers (ODRA, | 


DDRB) and the Peripheral Output Registers (ORA, ORB). ! 


addition, the processor may directly read the contents of Ke 


Control Registers and the Data Direction Registers. Accessing 


the Peripheral Output Register for the purpose of reading data 


back into the processor operates differently on the ORA and the 
ORB registers and therefore are shown separately in Table 2. 


Table 2. ORA and ORB Register Addressing 


Register | 
Select Lines 


тей 6? 


Register 
. Address 
(Hex) 


CRA 
(Bit 2) 


CRB 
(Bit2| R/W-H | RW-L 


Read CRB |Write CRB 


INTERRUPT REQUEST LINES (IRQA, ІНОВ) 


The active low Interrupt Request lines (IRQA and ТВОЙ) act to 
interrupt the microprocessor either directly or through external 
interrupt priority circuitry. These lines are open drain and are 
. capable of sinking 1.6 milliamps from an external source. This 
. permits all interrupt request lines to be tied together in a wired- 
OR configuration. The A and B in the titles of these lines cor- 


respond to the peripheral port A and the peripheral port B so _ 
that each interrupt request line services one peripheral data 


port. 


Each Interrupt Request line has two interrupt flag bits which can 


. [Data Direction 
Control Register Operation | 


Read PIBA |Write ORA 
Read DDRA|Write DDRA. 
Read CRA {Write СВА 

Read PIBB [Write ORB |. 
Read DDRB|Write DDRB 


Peripheral interface Adapter (РІА) | 


by CRB bit 0. Likewise, bit 6 bit 6 (IRQB2) in CRB is set by an active 


transition on СВг, апд ВОВ Пот this flag i is controlled ру CRB - · 


bit 3. 


Also, both bit 6 and bit 7 of CRB are reset by a "Read Peripheral 
B Output: Register’ operation. A summary of IRQB control is 


shown in Table 3. 


CRA-7=1 and СВА-0=1 goes low (Active) 


IRQA ind IRQB Control Suninen 


Table 3. 


Control Register Bits. 


1ВОА 
СВА-6=1 and CRA-3=1 — IRQA goes low (Active) 
CRB-7=1 and CRB-0-1 | 


CRB-6-1 and CRB-3-1 


РОВ 


ІНОВ goes low (Active) . 


ОВ. goes low (Active) 
Note: 


The flags act as the link between the peripheral interrupt signals 
and the processor interrupt inputs. The interrupt disable bits allow 
the processor to contro! the ер! function. 


INTERRUPT INPUT/PERIPHERAL CONTROL LINES 
(CA1, CA2, CB1, CB2) 


The four interrupt input/peripheral control lines provide a number 
of special peripheral control functions. These lines greatly 
enhance the power of the two general purpose interface ports 
(PAO-PA7, PBO-PB7). Figure 4 summarizes the operation of 
ела control lines. 


САТ is an interrupt input only. An active transition of the signal 
on this input will set bit 7 of the Contro! Register A to a logic 1. 


^ .. The active transition can be programmed by setting a "0" in bit 


‘cause the Interrupt Request line to go low. These flags are bits. - 


6 and 7 in the two Control Registers (CRA, CRB). These flags 
act as the link between the peripheral interrupt signals and the 
‘microprocessor interrupt inputs. Each flag has a corresponding 
interrupt disable bit which allows the processor to enable or dis- 
. able the interrupt from each of the four interrupt inputs (САТ, 
CA2, CB1, CB2). The four interrupt flags are set (enabled) by 
active transitions of the signal on the interrupt input (CA1, CA2, 
CB1, cod 


CRA bit 7 (IRQA1) is always set it by an active transition of the 


CA1 interrupt input signal. Номемег, IRQA can be disabled by 


setting bit O іп CRA to a 0. Likewise, CRA bit 6 (IRQA2) can be . 


"ве! by ап active.transition of the CA2 interrupt input signal and 
ЧАСА can be disabled by setting bit 3 in CRA to a O. : 


Both bit 6 ahd bit 7 in CRA are reset bý a “Read Peripheral 
Output Register A" operation. This is defined as an operation 
in which the read/write, proper data direction register and reg- 
ister select signals are provided to allow the processor to read 
the Peripheral A I/O port. A suman; of IRQA control is shown 
in Table 3. 


Control of RAB is performed in exactly the same manner as 
that described above for IRQA. Bit 7 in CRB (IRQB1) is set by 


an active transition on СВ! and IRQB from this flag is controlled | 
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1 of the CRA if the interrupt flag (bit 7 of CRA) is to be set on 
a negative transition of the CA1 signal ora "1" if it is to be set 


ona qoo transition. 


NOTE: 


А negative transition is defined as a transition from a high 
to a low, and a positive transition is defined as a transition 
from a low to a high voltage. 


СА2 сап = as a totally independent interrupt orasa peripheral 
control output. Аз an input (CRA, bit 5 = 0) it acts to set the 


interrupt flag, bit 6 of CRA, to a logie ` 1 on the active transition 
selected by bit 4 of CRA. 


These control register bits and іші inputs serve the same 
- basic function as that described above for CA1. The input signal : 


sets the interrupt flag which serves as the link between the 
peripheral device and the processor interrupt structure. The 
interrupt disable bit allows the processor to exercise control over 
ne System interrupt. 


In the output mode (СВА, bit 5: = 1), CA2 can Sperate inde- 
pendently to generate a simple pulse each time the micropro- 
cessor reads the data on the Peripheral А /О port. This mode . 


| is selected by setting СВА, bit 4 to a 0 and СВА, bit 3 to a 1. 


This pulse output can be used to control the counters, shift reg- 


isters, etc., which make sequential data available on the Петра 
ега! input lines. 


965621 = ____- Peripheral Interface Adapter (PIA) 


" CONTROL REGISTER A (CRA) 
CA2 INPUT MODE (BIT 5 — 0) | d: 


CA2 INPUT IRQA2 ТРОА ОВА IRQA1 ROA 
MODE SELECT POSITIVE ENABLE SELECT .| POSITIVE ENABLE 
__ (=0) TRANSITION FOR IRQA2 | _| TRANSITION FOR IRQA1 


CA2 OUTPUT | | 
MODE SELECT OUTPUT · RESTORE |. SELECT | ENABLE 
(71) CONTROL. CONTROL | > | | - | TRANSITION FOR IRQA1 


| MCN | | IRQA/IRQA1 | 
CONTROL | А CONTROL Е 


ІНОА1 FLAG 

A transition has occurred оп CA1 that тоне the bit 1 IRQA1 transition polarity Елена. This bit is cleared by a read of Output Register 
A or by RES. | | 

No transition has occurred on CA1 that satisfies the bit 1 ТРОА transition polarity criteria. 


. OUTPUT REGISTER A SELECT 
Select Output Register A. 
Select Data Brest Register A. 


IRQA1 POSITIVE TRANSITION 
Set IRQA1 Flag (bit 7) on a positive (low-to-high) transition of CA1. 
Set IRQA1 Flag (bit 7) on a negative (high-to-low) transition of САТ. 


IRQA ENABLE FOR IRQA1 
Enable assertion of IRQA when IRQA1 Flag (bit 7) is set. 
Disable assertion of IRQA when IRQA1 Flag p 7) is set. 


CA2 OUTPUT MODE (BIT 5 = 1) 


IRQA2 FLAG | 

А transition has occurred оп СА2 that satisfies the bit 4 
IRQA2 transition polarity степа. This flag is cleared by | 
a read of Output Register А or by RES. : 

No transition has occurred оп CA2 that satisfies the bit 
4 IRQA? transition polarity criteria. 


CA2 MODE SELECT 
Select CA2 Input Mode. 


IRQA2 POSITIVE TRANSITION 


Set IRQA2 Flag (bit 6) on a positive (low-to-high) 
transition of СА2. | | | | 

_ Set IRQA2 Flag (bit 6) опа negative (high-to-low) 
transition of CA2. 


_ ВОА ENABLE FOR IRQA2 

Enable assertion of IRQA when IRQA2 Flag (bit 6) is 
set. 

Disable assertion of ТРОА ү/һеп |АОА2 Над (bit Ве 
set. 


` NOT USED 
. Always zero. 


CA2 МОРЕ SELECT | 
Select CA2 Output Mode. 


CA2 OUTPUT CONTROL 

СА2 goes low when a zero is written into СВА bit 3. 
СА2 goes high when a one is written into CRA bit 3. 
CA2 goes low on the first negative (high-to-low) 02 
clock transition following a read of Output PRUSSIA А. 
CA2 returns high аз specified by bit 3. 


CA2 READ. STROBE RESTORE CONTROL (4 = 0) 
СА2 retums high on the next 02 clock negative 


transition following a read of Output Register A. 


СА2 returns high on the next active CA1 transition 


Е following a read of Output Register A as specified by 


bit 1. 


Figure 4. Control Line Operations Summary (1 of 2) 


R65C21 — |. | ~ Peripheral Interface Adapter (PIA) 


"NN EN CONTROL REGISTER B (CRB) 
CB2 INPUT MODE (BIT 5 = 0) | | 


CB2 INPUT |. |RQB2 | тов. ~ . | воз | | MOB 
MODE SELECT .POSITIVE ENABLE POSITIVE | ENABLE 


(=0) _ | TRANSITION РОН ІНОВ2 | М . | TRANSITION. | FOR IRQB1 


.CB2 OUTPUT MODE (BIT 5 = 1) 


CB2 OUTPUT | | 
MODE SELECT : Е POSITIVE | 
(=1) CONTROL | CONTROL] ` | TRANSITION | FOR IRQB1 


in | . IROB/IROBI 
CONTROL |. - — ии : CONTROL 


CB2 INPUT OR OUTPUT MODE (BIT 5 — 0 or 1) 
Bit 7 IRQB1 FLAG 


1 A transition has occurred on СВ! that satisfies the bit 1 ВОВ1 transition due criteria. This bit is cleared by a read of Output Register 
B or by RES. 

0 No 2 таратоп has occurred оп СВ1 that satisfies the bit 1 ІНОВ1 transition polarity criteria. 

Bit 2 OUTPUT REGISTER B SELECT 
1 Select Output Register B. 
0 Select Data Direction Register B. 

Bit 1 IRQB1 POSITIVE TRANSITION 
1 Set IRQB1 Flag (bit 7) on a positive (low-to-high) transition of CB1. 
0 -. Set ІНОВ1 Flag (bit 7) on a negative (high-to-low) transition of CB1. 

ВАО ІНОВ ENABLE FOR IRQB1 = 
1 Enable assertion of АОВ when ІНОВ1 Flag (bit 7) is set. 
0 Disable assertion of IRQB when IRQB1 Flag (bit 7) is зе, | 

CB2 INPUT MODE (ВІТ 5 = 0) | | св2 OUTPUT | MODE (BIT 5 = 1) 


IRQB2 FLAG . | | NOT USED 

A transition has бсоштёд | on СВ2 that satisfies the 644. | _ Always zero. ' 

ІНОВ2 transition polarity степа. This 'his flag is cleared by | M | з 

a read of Output Register ог by RES. | чара | 15. CB2 MODE SELECT 

No transition has occurred on СВ2 that satisfies t the bit | Select CB2 Output Mode. 

4 ІНОВ2 transition polarity criteria. - | Грей, ъл аре 

| _ CB2 OUTPUT CONTROL P 
CB2 MODE SELECT са. МЕ и f CB2 goes low when a zero is written into САВ bit 3. 
Select CB2 Input Mode. | | CB2 goes high when a one is written into CRB bit 3. 

| )  СВ2 goes low on the first negative (high-to-low) 02 

IRQB2 POSITIVE TRANSITION | ши | . clock transition following a write to. Output Register B. 
Set IRQB2 Flag (bit 6) on a positive (омет: Pe pma B свг returns high as specified by. bit 3.. 

transition of CB2. | „ЭЕ: | 
Set ІНОВ2 Flag (bit 6) on a negative е (ghaoiow E CB2 WRITE STROBE RESTORE CONTROL 
transition. of CB2. . -> owe] ХВИ 4 = 0) 

| CB2 returns high оп the next 02 clock negative 

IRQB ENABLE FOR 1 IRQB2 A ES transition following. a write to Output Register B. 
Enable assertion of IRQB when IROB2 Flag (bit 6) is. CB2 returns high on the next active СВ! transition 
set. Em | № . following a write to Output Register B as specified by 
Disable assertion of IRQB when IRQB2 Flag (bit 6) is bit 1. 
set. 


Figure 4. Control Line Operations Summary (2 of 2) 
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А second output mode allows CA2 to be used in conjunction 
with CA1 to “handshake” between the processor and the 
peripheral device. On the A side, this technique allows positive 
control of data transfers from the peripheral device into the 
microprocessor. The САТ input signals the processor that data 
is available by interrupting the processor. The processor reads 
the data and sets СА2 low. This signals the peripheral device 
that it can make new data available. | 


The final output mode can be selected by setting bit 4 of CRA 
` to a 1. In this mode, СА is a simple peripheral control output 

which can be set high or low by setting bit З of CRA to a 1 or 
“ай respectively. | 


CB1 operates as an interrupt input only in the same manner as 
CA1. Bit 7 of CRB is set by the active transition selected by bit 
О of CRB. Likewise, the CB2 input mode operates exactly the 
same as the CA2 input modes. The CB2 output modes, CRB 
bit 5 — 1, differ somewhat from those of CA2. The pulse output 
occurs when the processor writes data into the Peripheral B 
Output Register. Also, the "handshaking" operates on data 
transfers from the processor into the peripheral device. 


READING THE PERIPHERAL A /О PORT 


· Performing a Read operation with R81 = 0, RSO. 
Data Direction Register Access Control bit (CRA-2) 


1, directly 


202 


{АСА — 
9,9, 9,94 9.94949 927; { 
00000000600 
000000000000 
Kes ХХ ELY 


RSO, 851, 
с50, С51, С52 


0 апа ме ` 


Peripheral Interface Adapter (PIA) 


transfers the data on the Peripheral A І/О lines to the data bus. 
In this situation, the data bus will contain both the input and out- 
put data. The processor must be programmed to recognize and | 
interpret only those bits which are important to the particular 
peripheral operation being performed. : | 


_ Since the processor always reads the Peripheral A I/O port pins 

. instead of the actual Peripheral Output Register (ORA), it is 
possible for the data read by the processor to differ from the. 
contents of the Peripheral Output Register for an output line. 
‚ This is true when the I/O pin is not allowed to go to a full 
+ 2.4V DC when the Peripheral Output register contains а 
logic 1. In this case, the processor will read a 0 from the 
Peripheral A pin, even though the corresponding bit in the 
Peripheral Output register is a 1. | 


. READING THE PERIPHERAL B /О PORT 


Reading the Peripheral B I/O port yields a combination of input 
and output data in a manner similar to the Peripheral A port. 
However, data is read directly from the Peripheral B Output 
Register (ORB) for those lines programmed to act as outputs. 
It is therefore possible to load down the Peripheral B Output lines 
without causing incorrect data to be transferred back to the 
processor on a Read operation. to | 


eS 
PBO-PB7 «ОК су 


РАО-РА7 255252550505 (S 
{сря — 
| “Хх ХО У НК ЊЕ 
6-07 ОХ |} 
DATA ИМ ХК О Ко 
да | (саг | tns: 
| CA2. 
(PULSE OUT) | | | нас 
| | ос. а 2. i ши Е tr % 
" | R 
ins2 
CA2 


(HAND SHAKE) 


Figure 5. Read Timing Waveforms 
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tacw 


PACTI | К 
сво, CS1, 652 ХА x Хх 


| twcw 


00-07 | 
DATA OUT 


Vcc - 3096 


teow 


РАО-РА7 : (960506 хх 


+ 
РВО-РВ7 X, RRR 
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EE 
(HAND SHAKE) 


Figure 6. Write Timing Waveforms 
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BUS TIMING CHARACTERISTICS 


02 Cycle. - 
02 Pulse Width 
02 Rise and Fall Time 


^ READ TIMING 


Address Set-Up Time 
Address Hold Time | 
Peripheral Data Set-Up Time 
Data Bus Delay Time 

Data Bus Hold Time 


WRITE TIMING 


Address Set-Up Time 
Address Hold Time 
R/W Set-Up Time 
R/W Hold Time 

Data Bus Set-Up Time 
Data Bus Hold Time 
Peripheral Data Delay Time 
Peripheral Data Delay Time 
to CMOS Level 


PERIPHERAL INTERFACE TIMING 


Peripheral Data Set-Up 
02 Low to CA2 Low Delay 
02 Low to CA2 High Delay 

CA1 Active to CA2 High Delay 

02 High to CB2 Low Delay 

Peripheral Data Valid to CB2 Low Delay 
02 High to CB2 High Delay 

CB1 Active to CB2 High Delay 

CA1, CA2, CB1 and CB2 
Input Rise and Fall Time 
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ABSOLUTE MAXIMUM RATINGS* 


[ Paramotor  [Symbo| Value (шен 

Supply Voltage | кш -0.3 to +7.0 

input Voltage | | » Г Ум | — 0.3 to Veg +0.3 

Output Voltage | -0.3 to Усс +0.3 
0 to +70 


Мес 
BA 
Operating Temperature Range| ТА eC 
– 40 to +85 


Commercial | 
Industrial . ju 
| Storage Temperature = 55 to +150 
OPERATING CONDITIONS 
[Parameter — | Symbol | vane — 
Supply Voltage БУ +5% 
ТА 


Temperature Range 
Commercial 
Industrial 


09С to 709С 
-409С to +85°С 


DC CHARACTERISTICS 


(Усс = 5.0V £596, Vss = 0, TA = T, to Ту, unless otherwise noted) 


Input High Voltage 
All except PBO-PB7, RES 
PBO-PB7, RES 


Input Leakage Current ne 
R/W, RES, RSO, А51, CSO, CS1, CS2, CA1, 
CB1, 02 


input Leakage Current for Three-State Off 
0-07, PBO-PB7, СВ 


Input High Current 
РАО–РА7, CA2 


Input Low Current 
PAO-PA7, CA2 


Output High Voltage 
Logic 
РВО-РВ7, CB2 (Darlington Drive) 
Output Low Voltage — 
РАО-РАТ, CA2, РВО-РВ7, CB2 
00–07, IRQA, ІНОВ 


Output High Current (Sourcing 

Logic 

PBO-PB7, CB2 (Darlington Drive) 

Output Low Current (Sinking) ЫХ 


РАО-РА7, PBO-PB7, CB2, CA2 
00—07, IRQA, IRQB 


Output Leakage Current (Off State) 
IRQA, IRQB 


| Power Dissipation 


Input Capacitance 
00–07, РАО-РА7, PBO-PB7, CA2, СВ2 
R/W, RES, RSO, RS1, С50, CS1, CS2 
CA1, CB1, 02 


Output Capacitance 


Notes: 


.| 1. АШ units are direct current (dc) except capacitance. 


T 
Мон 
VoL 
lot 
Cin 


Peripheral Interface Adapter (PIA) 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. | 


Test Conditions 


| Vin = OV to Усс 
Voc = 5.25V 


Vin = 0.4М to 2.4V 
Voc = 5.25V 


Voc = 4,75V | 
сар = -200рҮ 
| ОАО = – 3.2тА 


Voc = 4.75У 


+ 
о 
> 
5 


= 5250 | 


mW/MHz 


2. Negative sign indicates outward current flow, positive indicates inward flow. 


3. Typical values are shown for Усс = 5.0М and Тл = 25°С. 
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PACKAGE DIMENSIONS 


40-PIN CERAMIC DIP 


MILLIMETERS| INCHES. | | 


40-PIN PLASTIC DIP 


MILLIMETERS]. INCHES | 


й 
= | 


ИИ 


ni 
"n 


| 


8 
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R65C24 


PERIPHERAL INTERFACE - 
АОАРТЕВ/ПМЕВ (PIAT) - 


PRELIMINARY 


DESCRIPTION 
The R65C24 Peripheral Interface Adapter/Timer (PIAT) is 


designed to solve a broad range of peripheral control problems. 


in the implementation of microcomputer systems. This device 


allows a very effective trade-off between software and hardware | 


by providing significant capability and flexibility in a low cost 
chip. When coupled with the power and speed of the R6500, 
R6500/* or Н65С00 family of microprocessors, the R65C24 
allows implementation of very complex systems at a minimum 
overall cost. 


Control of peripheral devices is handled primarily through two 


8-bit bidirectional ports. Each of these lines can be programmed 
to act as either an input or an output. In addition, four peripheral 
control/interrupt input lines are provided. These lines can be 
used to interrupt the processor or to "handshake" data between 
the processor and a peripheral device. 


The PIAT also contains one 16-bit Counter/Timer comprised of 
a 16-bit counter, two 8-bit latches associated with the counter, 
and an 8-bit snapshot latch for the upper half of the counter. A 
counter mode control register, under software direction, selects 
any one of eight counter modes of operation, and the status 
register contains an underflow flag to report counter time-out. 
A maskable interrupt request allows immediate CPU notification 
upon counter time-out. 


ORDERING INFORMATION 


The R65C24 is available in both a ceramic and a plastic 40-ріп 
package, a commercial or industrial temperature range, and 
operating frequencies of 1, 2, 3, or 4 MHz. These versions are 
coded into the part number as follows: 


Part Number: 
R65C24 


|| UTemperature Range: 
Blank = 0°C to +70 С... 
Е = —40°C to +85°C 


Frequency Range: 
1 = 1 MHz 
2 = 2 MHz 
3 = 3 MHz 
` 4 = 4 MHz 


Package: 
C = Ceramic 
P = Plastic 


FEATURES 


e Low power CMOS N-well silicon gate technology 


e Two 8-bit bidirectional УО ports with individual data direction 
-control 


• Programmable 16-bit Counter/Timer with eight modes of 
operation 

Three 8-bit latches associated with the Counter/Timer 
Selectable divide-by-sixteen prescaler for all modes 
Automatic “Handshake” control of data transfers - 

Two interrupts (one for each port) with program control 

1, 2, 3, and 4 MHz versions 

Commercial and industrial temperature range versions 
40-pin plastic and ceramic versions 

Single 5V + 5% supply requirements 


Compatible with the R6500, R6500/* and Вв5С00 family of. 
О: 


oanaoaa haNn = 


Figure 1. R65C24 Pin Configuration | 


Document No. 29651N54 | 
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FUNCTIONAL DESCRIPTION 


The R65C24 PIAT is organized into three independent sections 
referred to as the A Side, the B Side, and a Counter/Timer. The 
A Side and B Side each consist of a Control Register (CRA, 


CRB), Data Direction Register (DDRA, DDRB), Output Register 


(ORA, ORB), Interrupt Status Control (ISCA, ISCB), and the 
_ buffers necessary to drive the Peripheral Interface buses. Data 


© Bus Buffers (DBB) interface data from the two sections to the · 


Peripheral Interface Adapter/Timer (PIAT) 


from the DBB to the PIAT registers. Chip Select and R/W contro! 


. Circuitry interface to the processor bus control lines. The Counter/ 


Timer consists of a 16-bit counter; i.e., an 8-bit Upper Counter 
(UC) and 8-bit Lower Counter (LC), an 8-bit Upper Latch (UL), 
an 8-bit Lower Latch (LL), an 8-bit Snapshot Latch (SL), and a 
Status Register (SR). A Counter Mode Control Register (CMCR) 
selects the Counter/Timer mode of operation. Figure 2 is a block 


- data bus, while the Data Input Register (DIR) interfaces data diagram of the R65C24 PIAT. 


INTERRUPT STATUS | 
CONTROL A (ISCA) 


< | CONTROL : __ | | | 
>} REGISTERA | | _____- DATA DIRECTION 
(CRA) REGISTER A 
| (DDRA) | 


DATA BUS OUTPUT BUS 
BUFFERS 


Po) PERIPHERAL | | 

OUTPUT | : PERIPHERAL 

REGISTER A INTERFACE 
BUFFER A 
(PIBA) 


CONTROL 
REGISTER 


. DATA INPUT 
ПЕЕ | | PERIPHERAL | 
(DIR) | | OUTPUT | i PERIPHERAL 
REGISTER B ВЕСЕ 
| BUFFER В 
(PIBB) 


CHIP . 
SELECT | 
& RW | INPUT BUS 


CONTROL 


DATA DIRECTION 


REGISTER B (DDRB) 


(CRB) с | 
INTERRUPT STATUS T 
CONTROL B (ISCB) 


Figure 2. R65C24 PIAT Block Diagram 
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DATA INPUT REGISTER (DIR) 


When the microprocessor writes data into the PIAT, the data 
which appears on the data bus during the (22 clock pulse is 
latched into the Data Input Register (DIR). The data is then 
transferred into one of six internal registers of the PIAT after the 
trailing edge of the (22 clock. This assures that the data on the 
peripheral output lines will make smooth transitions from high 
to low (or from low to high) and the voltage will remain stable 
except when it is going to the opposite polarity. | 


CONTROL REGISTERS (CRA AND CRB) 


Table 1 illustrates the bit designation and functions in the two 
control registers. The control registers allow the microprocessor 
to control! the operation of the Interrupt Control inputs (CA1, 
CA2, CB1, CB2), and Peripheral Control outputs (CA2, CB2). 
Bit 2 in each register controls the addressing of the Data Direc- 
tion Registers (DDRA, DDRB) and the Output Registers (ORA, 
ORB). In addition, two bits (bit 6 and 7) in each control register 
indicate the status of the Interrupt Input lines (CA1, CA2, CB1, 
CB2). These Interrupt Status bits (IRQA1, IRQA2 or ІНОВ1, 
IRQB2) are normally interrogated by the microprocessor during 
the IRQ interrupt service routine to determine the source of the 
interrupt. 


DATA DIRECTION REGISTERS (DDRA, DDRB) 


The Data Direction Registers (DDRA, DDRB) allow the pro- 
cessor to program each line in the 8-bit Peripheral УО port to 
be either an input or an output. Each bit in DDRA controls the 
corresponding line in the Peripheral A port and each bit in DDRB 
controls the corresponding line in the Peripheral B port. Writing 
а "0" in a bit position in the Data Direction Register causes the 


corresponding Peripheral. ИО line to act as an input; a "1" ` 


causes it to act as an output. 


Bit 2 (DDRA, DDRB) in each Contro! Register (CRA and CRB) 
controls the accessing to the Data Direction Register or the 
Peripheral interface. If bit 2 is a “1,” a Peripheral Output register 
(ORA, ORB) is selected, and if bit 2 is a “0,” a Data Direction 
Register (DDRA, DDRB) is selected. The Data Direction Reg- 
ister Access Control bit, together with the Register Select lines 
(RSO, RS1 and RS2) selects the various internal registers as 
shown in Table 2. 


In order to write data into DDRA, ORA, DDRB, or ORB registers, 
bit 2 in the proper Control Register must first be set. The desired 
register may then be accessed with the address determined by 
the address interconnect technique used. 


| | . Table 1. Control Registers ВН Designations | 
EHE NEG CNN ЫМЕН NOMMIZ AE M EU 


| DDRA 


CRB | moe | _ CB2 Control | ч 
| ccess 
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PERIPHERAL OUTPUT REGISTERS (ORA, ORB) 


The Peripheral Output Registers (ORA, ORB) store the output 
data from the Data Bus Buffers (DBB) which appears on the 
Peripheral ИО port. If a line on the Peripheral A Port is pro- 
grammed as an output by the DDRA, writing a 0 into the cor- 
responding bit in the ORA causes that line to go low («0.4 V); 
writing a 1 causes the line to go high. The lines of the Peripheral | 
B port are controlled by ORB in the same manner. 


INTERRUPT STATUS CONTROL (ISCA, ISCB) 


The four interrupt/peripheral control lines (CA1, CA2, CB1, CB2) 
are controlled by the Interrupt Status Control logic (A, B). This 
logic interprets the contents of the corresponding Control Reg- 
ister and detects active transitions on the interrupt inputs. · 


PERIPHERAL МО PORTS (РА0-РА7, РВО-РВ7) 


Тһе Peripheral A and Peripheral В /О ports allow the micro- 
processor to interface to the input lines on the peripheral device 
by writing data into the Peripheral Output Register. They also 
allow the processor to interface with the peripheral device output 
lines by reading the data on the Peripheral Port input lines 
directly onto the data bus and into the internal registers of the 
processor. | 


Each of the Peripheral /О lines can be programmed to act as 
an input or an output. This is accomplished by setting a 1 in the 
corresponding bit in the Data Direction Register for those lines 
which are to act as outputs. A 0 in a bit of the Data Direction 


‚ Register causes the corresponding Peripheral /О lines to act 


as an input. | 


. The buffers which drive the Peripheral А /О lines contain "pas- 


sive" pull-up devices. These pull-up devices are resistive in 
nature and therefore allow the output voltage to go to VCC for 
a logic 1. The switches can sink a full 3.2 mA, making these 
buffers capable of driving two standard TTL loads. 


In the input mode, the pull-up devices are still connected to the 
VO pin and still supply current to this pin: For this reason, these 
lines also represent two standard TTL loads in the input mode. 


The Peripheral B /О port duplicates many of the functions of 
the Peripheral A port. The process of programming these lines 
to act as an input or an output is similar to the Peripheral A port, 
аз is the effect of reading or.writing this port. However, there 
are several characteristics of the buffers driving these lines 


which affect their use in peripheral interfacing. | 


| CA1 Control 


CB1 Control 


DDRB 


R65C24 


The Peripheral В VO port buffers are push-pull devices i.e., the 


pull-up devices are switched OFF in the 0 state and ON for a 


logic 1. Since these pull-ups are active devices, the logic 1 
voltage will not go higher than +2.4V. 


Unlike the PAO-PA7 lines. (which have pull-up devices), the PBO 


222 through РВ? lines have three-state capability which allows them 
27 to enter a high impedance state when programmed to be used 


as input lines. In addition, data on these lines will be read prop- 


па епу, м/һеп programmed as output lines, even if the data signals 


fall below 2.0 volts for a "high" state or are above 0.8 volts for 
a "low" state. When programmed as output, each line can drive 
at least a two TTL load and may also be used as a source of 
up to 3.2 milliamperes at 1.5 volts to directly drive the base of 
a transistor switch, such as a Darlington pair. 


Because these outputs are designed to drive transistors directly, 
the output data is read directly from the Peripheral Output Reg- 
ister for those lines programmed to act as inputs. | 


The final characteristic is the high-impedance input state which 
is a function of the Peripheral B push-pull buffers. When the 


16-BIT LATCH ` 


16-BIT COUNTER џ 


| 8-BIT | 8-BIT 
|UPPER COUNTER (UC) : 


LOWER COUNTER (LC) 


| | 8-ВІТ 
SNAPSHOT LATCH (SL) 


| 8-BIT 8-BIT 
UPPER LATCH (UL) | LOWER LATCH (LL) 
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Peripheral B /О lines are programmed to act as inputs, the 
output buffer enters the high impedance state. | 


DATA BUS BUFFERS (DBB) 


The Data Bus Buffers are 8-bit bidirectional buffers used for data 
exchange, on the DO-D7 Data Bus, between the microprocessor 
and the PIAT. These buffers are tri-state and are capable of 
driving a two TTL load (when operating in an output mode) and 
represent a one TTL load to the microprocessor (when oper- 
ating in an input mode). | | 


COUNTER/TIMER 


The Counter/Timer includes a 16-bit counter and three 8-bit data 
latches. It also includes an 8-bit Counter Mode Control Register 
(CMCR) to select the Counter/Timer operating mode and options 
and an 8-bit Status Register to report time-out condition as well 
as peripheral:data port interrupt conditions. Figure 3 illustrates 
the Timer/Counter. he | | 


СОММТЕН МОРЕ 
CONTROL REGISTER 


ІНОТ ENABLED 


COUNTER/TIMER 


OPERATING | PRESCALER 
MODE ENABLED 


PRESCALER | | 


DECREMENT 


COUNT 


UNDERFLOW (UF) 


IRQT BIT 
STATUS REGISTER 


Figure 3. Counter/Timer 
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Cou merteehes Thé Te Counter (UC) and Lower Counter 
(LC) form а 16-bit down-counter that counts either 62 clock 
pulses from the processor bus or external events from input line 
СМТА; depending on the mode selected. The Upper Latch (UL) 
and Lower Latch (LL) hold the initial higher- and lower-order 
count values to be loaded into the counter. The Snapshot Latch 
(SL) is loaded with the value of the UC when the LC is read or 
the LL is written into by the PIAT. After а read of the LC, the 
Snapshot Latch is read to provide the current 16-bit value of the 
counter. The Underflow Flag (UF) in the Status Register (SR) 
is set to a 1 whenever the counter (UC, LC) decrements past 
. $0000. А Prescaler can be program activated to divide-by- 

sixteen rather than. divide-by-one for гаду of the Соште тег 
modes. 2 


Counter Mode Control Register—The Counter Mode Contro! 
Register (CMCR) allows program selection of any of eight 


Counter/Timer modes of operation, for the enabling or disabling: 


of the Prescaler, and the enabling or disabling of the IRQT 
interrupt line. Bits 2, 1, 0 of the CMCR selects one of the fol- 
. lowing Counter/Timer operating modes: 


Disable. Counter/Timer 

One-Shot Interval Timer 
Free-Run Interval Timer 

Pulse Width Measurement 

Event Counter 

One-Shot Pulse Width Generation 
Free-Run Pulse Generation 
Retriggerable Interval Timer 


Bit 7 of the CMCR determines whether the IRAT line is enabled 
_ ог disabled for generating an interrupt request on the IRQ output 


_ to the processor. When bit 7 is set to а 1, IRQT is enabled so 


that an Underflow Flag (UF bit in the Status Register set to а 
1) will cause IRQ to be asserted. When bit 7 is set to a 0, the 
IRQT is disabled. 


Bit 4 of the CMCR enables or disables the Prescaler. A 1 in bit 
4 causes the Prescaler to be enabled so that the Counter/Timer 
. is operating in a divide-by-sixteen mode. When this bit is a 0, 

. the Prescaler is disabled 50 that ће Counter/Timer is operating 
ina normal (divide- by-one) mode. 


... R6500, 
· 26500/“ 
OR . 
| R65C00 | 
MICROPROCESSOR 
|. . FAMILY | 
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Status Register— Bit 7 of the Status Register (SR) reports the 
. Counter Underflow Status. This underflow (UF) bit is set to 1 


when the counter decrements past $0000. When this bit is set, 
the IRQ output will be asserted if the Interrupt Enable bit in the 
CMCR is set to a 1. The status of the Port A Interrupt Flag 
(РОА) and Port B Interrupt Flag (IRQB) are reported іп bits 6 
and 5, respectively, in addition to 9 being reported in the ISCA | 


. and ISCB registers. 


INTERFACE SIGNALS 


The PIAT interfaces to the R6500, Н6500/“ or the R65C00 · 
microprocessor family with a reset line, a 22 clock line, а read/ 
write line, an interrupt request line, three register select lines, 
two chip select lines, and an 8-bit bidirectional data bus. 


The PIAT interfaces to the peripheral devices with four interrupt/ 
control lines and two 8-bit bidirectional data buses. A Counter/ 
Timer input/output line (CNTR) also interfaces to a peripheral 
device. 


Figure 1 (on the front page) shows the pin assignments for these 
interface signals and Figure 4 shows the interface relationship 
of these signal as they pertain to the CPU але the peripheral 


devices. 


CHIP SELECT (С50, CS2) 


The PIAT is selected when CSO is high and С52 is low. These 

two chip select lines are normally connected to the processor | 

address lines either directly or through external decoder circuits. 

When the PIAT is selected, data will be transferred between the 

data lines and PIAT registers, and/or peripheral interface lines 

as determined by the R/W, RSO, RS1 and 852 lines and the 
contents of Control Registers A and B. 


Note: 


"Ап R65C24 PIAT may be installed in a circuit in place. of 
an R65C21 PIA subject to chip select considerations. 
Since the R65C21 has a CS1 input and the R65C24 does 
not have a CS1 input, the PIAT will be selected in the 
same addresses as the PIA and maybe more depending 
upon external address decoding circuitry. 


| PERIPHERAL 
DEVICE 0 
ZEN" 


R65C24 


PIAT 


С PERIPHERAL | 
DEVICE 


Figure 4. Interface Signals Relationship 
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RESET SIGNAL (RES) 

The Reset (RES) input initializes the R65C24 PIAT. A low signal 
on the RES input causes all internal registers to be cleared. 
CLOCK SIGNAL (22) | T" 

The Phase 2 Clock Signal (02) is the system clock that triggers 


а! data transfers between the CPU and the PIAT. (02 is деп- - 


erated by the CPU and is therefore the synchronizing signal 
between the CPU and the PIAT. — | 


READ/WRITE SIGNAL (R/W) , 

_ Read/Write (R/W) controls the direction of data transfers between 
the PIAT and the data lines associated with the CPU and the 
peripheral devices. A high on the R/W line permits the peripheral 
devices to transfer data to the CPU from the PIAT. A low on the 
R/W line allows data to be transfered from the CPU to the 
peripheral devices from the PIAT. E MM a. 


REGISTER SELECT (850, RS1, 852) | 


Two of the Register Select lines (850, RS1), in conjunction with 
the Control Registers (CRA, CRB) Data Direction Register access 


bits select various R65C24 registers to be accessed by the. 


CPU. RSO and 851 are normally connected to the micropro- 


cessor (CPU) address output lines. Through contro! of these 


lines, the CPU сап write directly into. the Control Registers 
(CRA, CRB).the Data Direction Registers (DDRA, DDRB) and 
the Peripheral Output Registers (ORA, ORB). In addition, the 
processor may directly read the. contents of the Control Regis- 
ters and the Data Direction Registers. Accessing the Peripheral 
Output Register for the purpose of reading data back into the 
processor operates differently on the ORA and the ORB reg- 
isters and therefore are shown separately in Table 2. 


Note: 


In order to address the ORA and ORB Registers in the 
PIAT, Register Select line RS2 must be high. When RS2 
is low, thé Counter/Timer registers are selected (as shown 
in Table 3). AE | 


Table 2. Peripheral Register Addressing 


Data 
Direction _ 
Register 

Control 


Register 


Register Operation 
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_ | Address 


_ Peripheral Interface Adapter/Timer (PIAT) 


Register Select line RS2 determines whether the. addressed 
registers are part of the Counter/Timer or the peripheral Port A 
and Port B sections of the PIAT. When RS2 is high, the Port A/ 
Port B registers shown in Table 2 are selected. When the RS2 
is low, the Counter/Timer registers are selected and operated 
upon as shown in Table 3. "^S | 


Table 3. Counter/T imer Register Addressing | 


Register 
Select Lines 


RS2|RS1|Rso 


L |Read Snapshot. 


Register 


 Counter/Timer Operation 
(Hex) = 


"Write Upper Latch 


Latch (SL) (UL) 
SL — 00-07 00-07 — UL 
0 > UF 20 UF | 
Load and Enable | 
_ Counter > 
UL — UC, 


| | LL LC 
Read Upper | 


_ 14 | | [HJR ррег | Write Upper Latch _ 
| Counter (UC) | (UL) 
UC > DO-D7 | 00:07 > UL 


Write Lower Latch 
(LL) 
00-07 — LL 
ОС SL 
Write Counter Control 
Mode Register . 
+ (CMCR) 
00-07 — СМСА 


Read Lower 


С | НЕ 
Counter (LC) 


LC — DO-D7 
UC — SL 
3 L | H | H [Read Status 
Register (SR). 


SR  р0-07 
0 — UF, 

INTERRUPT REQUEST LINE (IRQ) - 

Three internal active low Interrupt Request lines (IRQA, ІНОВ, 
and IRQT) act to interrupt the microprocessor through the 
external IRQ output. ТВО is an open drain output and is capable 
of sinking 1.6 milliamps from an external source. This permits 
all interrupt request lines to be tied together in a wired-OR con- 
figuration. The A and B in the titles of these internal lines cor- 
respond to the peripheral port A and the peripheral port B so 
that each interrupt request line services one peripheral data 
port. The T corresponds to the Counter/Timer generated inter- 
rupt request. 


ІНОА and IRQB Lines—These two internal Interrupt Request 
lines are associated with the Port A and Port B sections of the 
PIAT and are controlled by Control Registers CRA and CRB, 
and the Peripheral Control lines CA1, CA2, CB1, and СВ2. 


These Interrupt Request lines have three interrupt flag bits. 
which can cause the Interrupt Request line to go low. These - 
flags are bits 6 and 7 in the two Control Registers (CRA, CRB). . 
These flags act as the link between the peripheral interrupt sig- 
nals and the microprocessor interrupt inputs. Each flag has a 
corresponding interrupt disable bit which allows the processor 
to enable or disable the interrupt from each of the four interrupt 
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inputs (CA1, CA2, CB1, CB2). The four interrupt flags are set | 


(enabled) by active transitions of the signal on the interrupt input 
(CA1, СА2, СВ1, СВ2). 


CRA bit 7 (IRQA1) is always set by an active transition of the 
CA1 interrupt input signal. However, ІВОА can be disabled by 
setting bit О in CRA to a 0. Likewise, CRA bit 6 (IRQA2) can be 
set by an active transition of the CA2 interrupt input signal and 
IRQA can be disabled by setting bit 3 іп CRA to a 0. 


Both bit 6 and bit 7 in CRA are reset by a "Read Peripheral 
Output Register A" operation. This is defined as an operation 
_in which the read/write, proper data direction register and reg- 
ister select signals are provided to allow the “Ше processor to read 
the Peripheral A УО pori: A summary of ТАСА control is shown 
in Table 3. 


Control! of IRQB is ЖА: ЕНЕР іп exactly the same manner as 
that described above for ТРОА. Bit 7 in CRB (IRQB1) is set by 
an active transition on CB1 and IRQB from this flag is controlled 
by CRB bit O. Likewise, bit 6 (IRQB2) in CRB is set by an active 
transition on CB2, and IRQB from this flag is controlled by CRB 
bit 3. 


Also, both bit 6 and bit 7 of CRB are reset by a "Read Peripheral 
B Output Register" operation. A summary of IRQB control is 
shown in Table 4. 


Table 4. ІНОА and НОВ Control Summary 


[оле-!молаа-т | TRA oons wpe) _— 


CRB-6=1 and CRB-3=1 IRQB goes low (Active) 


Note: | 


The flags act as E link between the peripheral T€ азаа 
and the processor interrupt inputs. The interrupt disable bits allow 
the processor to control the interrupt function. 


IRQT Line—The internal IRQT line is associated with the 


Counter/Timer and is controlled by the IRQT Enable bit in the . 


Counter Mode Contro! Register and the Underflow Flag in the 


Status Register. A thorough discussion of the functions and - 


operation of the IRQT line is given in the Counter/Timer Oper- 
ation section of this product description. | 


INTERRUPT INPUT/PERIPHERAL CONTROL LINES 
(CA1, CA2, CB1, CB2) 


The four interrupt input/peripheral control lines provide a number 
of special peripheral: control functions. These lines greatly 
enhance the power of the two general purpose interface ports 
(PAO-PA7, PBO-PB7). Figure 5 summarizes the operation of 
these control lines. 
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2 CA1 в ап interrupt input only. An active transition of the. signal 


on this input will set bit 7 of the Control Register A to a logic 1. 
The active transition can be programmed by setting a “0" in bit 
1 of the CRA if the interrupt flag (bit 7 of CRA) is to be set on 
a negative transition of the CA1 signal ora "1" if itis to be set 
on a positive transition. 


Note: 


A negative transition is defined as a transition from a high 
to a low, and a positive transition is defined as a transition 
from a low to a high voltage. | 


СА2 сап ас! аз а totally independent interrupt or as a peripheral. 
control output. As an input (CRA, bit 5 — O) it acts to set the 
interrupt flag, bit 6 of CRA, to a logic 1 on the active transition 
selected by bit 4 of CRA. 


These control.register bits and interrupt inputs serve the same 
basic function as that described above for CA1. The input signal 
sets the interrupt flag which serves as the link between the 
peripheral device and the processor interrupt structure. The 
interrupt disable bit allows the processor to exercise control over 
the system interrupt. 


In the output mode (CRA, bit 5 — 1), CA2 can operate inde- 
pendently to generate a simple pulse each time the micropro- 
cessor reads the data on the Peripheral А /О port. This mode 
is selected by setting СВА, bit 4 to a 0 and СНА, bit 3 to a 1. 

This pulse output can be used to control the counters, shift reg- 
isters, etc. which make sequential data available on the Periph- 
eral input lines. | | | 


A second output mode allows CA2 to be used in conjunction 
with CA1 to "handshake" between the processor and the 
peripheral device. On the A side, this technique allows positive 


_ contro! of data transfers from the peripheral device into the 


microprocessor. The CA1 input signals the processor that data 
is available by interrupting the processor. The processor reads 


the data and sets CA2 low. This signals the peripheral device | 


that it can make new data available. 


The final output mode can be selected by setting bit 4 of CRA 
to a 1. In this mode, CA2 is a simple peripheral control output 
which can be set high or low by ви bit 3 of CRA to a 1 or 
a0 respectively. ; | 


СВ1 operates as an interrupt input only in the same manner as 
САТ. Bit 7 of CRB is set by the active transition selected by bit 
0 of CRB. Likewise, the CB2 input mode operates exactly the 
same as the CA2 input modes. The CB2 output modes, CRB 
bit 5 — 1, differ somewhat from those of CA2. The pulse output 
occurs when the processor writes data into the Peripheral B 
Output Register. Also, the “handshaking” operates on data 
transfers from the processor into the peripheral device. 
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CA2 INPUT MODE (BIT 5 = 0) CONTROL REGISTER А (CRA) - 


CA2 INPUT | | 
MODE SELECT ` | POSITIVE ENABLE | ЕСТ _ POSITIVE ENABLE 
(=0) TRANSITION | FOR IRQA2 | | 2 TRANSITION |: РОВ IRQA1 


ТАСАЛВОА1 
CONTROL 


CA2 OUTPUT | ORA. | | 
MODE SELECT j RESTORE SELECT | POSITIVE | ENABLE 
Ша? CONTROL | | SEI TRANSITION _ FOR IRQA1 


IRGA1 FLAG 

_ Atransition has occurred on CA1 that satisfies the bit 1 ВОА1 transition КРМ criteria. This bit is ciearad ae a read of ОБ Beiter: 
A or by RES. 
No transition has occurred on СА1 that satisfies the bit 1 IRQA1 transition polarity criteria. 


OUTPUT REGISTER A SELECT 
· Select Output Register A. 
- Select Data Direction: Register A. 


IRQA1 POSITIVE TRANSITION 
Set IRQA1 Flag (bit 7) on a positive (low-to- high) transition of CA1. 
Set ІНОА1. Flag (bit 7) on a negative (high-to- low) transition of CA1. 


НОД ENABLE FOR IRQA1 
Enable assertion of IRQA when IRQA1 Flag (bit 7) is set. 
Disable assertion of IRQA when ІНОА1 Flag (bit 7) is set. 


CA2 INPUT MODE (ВП 5 = 0) 


Bit 6 IRQA2 FLAG - 
1 A transition has occurred on CA2 that Salisfies the ри 4 IRQA2 transition polarity степа. This тай 15 сеагед e a read of c 
. Register A or by RES. 
0. No transition has occurred on CA2 that satisfies the bit 4 IRQA? transition polarity criteria. 


Bit 5 CA2 MODE SELECT - 


0 Select CA2 Input Mode. 
Bit4 ` IRQA2 POSITIVE TRANSITION | 
1 беї!ВОА2 Flag (bit 6) on a positive (low-to-high) transition of CA2. 
0 · Set IRQA2 Flag (bit 6) on a negative (high-to-low) transition of CA2. 
Bit 3 IRQA ENABLE FOR IRQA2 
‚1 -Enable assertion of IRQA when IRQA2 Над (bit 6) is set. 
0 Disable assertion of ІНОА мћеп ІНӘА2 Flag (bit 2 is set. 
CA2 OUTPUT MODE (BIT 5 = D | 


NOT USED . 
e Always zero. 


` CA2 MODE SELECT 
Select CA2 Output Mode. 


CA2 OUTPUT CONTROL 

СА2 goes low when a zero is written into CRA bit 3. CA2 goes high when a one is written into CRA bit 3. 

CA2 goes low on the first negative (high-to-low) 62 clock transition following a read of Output Register А. CA2 returns high as seated 
by bit 3. | 


CA2 READ STROBE RESTORE CONTROL (BIT 4 - 0) 
СА2 returns high on the next (42 clock negative transition following a read of Output Register А. 
CA2 returns high on the next active CA1 transition following a read of Output Register А as specified by bit 1. 


Figure 5. Summary of Control Lines Operation (1 of 2) 
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CB2 INPUT — (ВІТ 5 = 0). - CONTROL REGISTER B (CRB) 


чыте IRQB2 CB2 INPUT IROB ` |. ORB | IRQB1 IROB 
FLAG FLAG MODE SELECT POSITIVE ENABLE . SELECT .. POSITIVE _ ENABLE. 


TRANSITION FOR IRQB2 ен TRANSITION | РОН ІАОВ1 


CB2 OUTPUT MODE (BIT 5 = 1) 


CB2 OUTPUT 
MODE SELECT | RESTORE SELECT POSITIVE ENABLE 
(71) CONTROL CONTROL TRANSITION FOR IRQB1 


| CB2 IRQB/IRQB1 
CONTROL | CONTROL 


CB2 INPUT OR OUTPUT MODE (BIT 5 = 0 or 1) 


Bit 7 IRQB1 FLAG 
Е A transition has occurred on СВ! that satisfies the bit 1 IRQB1 transition polarity criteria. This bit is cleared by a read of Output Register 
B or by RES. | | 
0 No transition has оссиҝеа on СВ1 that satisfies the bit 1 IRQB1 transition polarity criteria. 


~ 
Fr 


Bit 2 OUTPUT REGISTER B SELECT 


1 Select Output Register B. 
0 Select Data Direction Register B. 
Bit 1 IRQB1 POSITIVE TRANSITION 
1 Set IRQB1 Flag (bit 7) on a positive (low-to-high) transition of СВА. 
0 Set IRQB1 Flag (bit 7) on a negative (high-to-low) transition of CB1. 
Bit 0 IROB ENABLE FOR IRQB1 
1 Enable assertion of ІНОВ when IRQB1 Flag (bit 7) is set. 
0 Disable assertion of IRQB when IRQB1 Flag (bit 7) is set. 
CB2 INPUT MODE (BIT 5 - 0) 


IRQB2 FLAG | 
A transition has occurred оп CB2 that satisfies the bit 4 IRQB2 transition polarity criteria. This flag is cleared by a read of Output 
Register В ог by RES. ; 

No transition has occurred оп СВ2 that satisfies the bit 4 IRQB2 transition polarity criteria. 


CB2 MODE SELECT 
Select CB2 Input Mode. 


IRQB2 POSITIVE TRANSITION 
Set IRQB2 Flag (bit 6) on a positive (low-to- -high) transition of CB2. 
бей ІНОВ2 Flag (bit 6) on a negative (high-to-low) transition of CB2. 


ТАОВ ENABLE FOR (1082 
Enable assertion of ВОВ мћеп ІНОВ2 Flag (bit 6) is set. 
Disable assertion of IRQB when ІНОВ2 Flag (bit 6) is set. 


NOT USED 
Always zero. 


CB2 MODE SELECT 
Select CB2 Output Mode. 


CB2 OUTPUT CONTROL 

CB2 goes low when a zero is written into CRB bit 3. CB2 goes high when a one is written into CRB bit 3. 

CB2 goes low on the first negative (high-to-low) (22 clock transition following a write to Output Register B. CB2 returns high as specified 
by bit 3. 


CB2 WRITE STROBE RESTORE CONTROL (BIT 4 = 0) 
CB2 returns high on the next ge clock negative transition following a write to Output Register B. 
СВ returns high on the next active СВ! transition following a write to Output Register B as specified by bit 1. 


Figure 5. Summary of Control Lines Operation (2 of 2) 
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COUNTER/TIMER REGISTERS 


COUNTER MODE CONTROL REGISTER (CMCR) 


The 8-bit Counter Mode Control Register (CMCR) selects the 
Counter/Timer mode of operation and enables or disables both 
the internal IRQT and the Prescaler. The format of the CMCR 


| 4 [5j 


Prescaler. 
Enabled 


Counter/Timer Mode | 


B7 ОТ Enabled 
0 IRQT Disabled 
1 (ВОТ Enabled 
Bits 6-5 Мої used, don’t care value during write. 
Bit 4 Prescaler Enabled 
0 Prescaler Disabled (-1) 
1 Prescaler Enabled (+16) 
Bit 3 Not used, don't care value during write. 
Виз 20 Counter/Timer Mode 
O 0 0 Моде 0—Disable Counter/Timer 
0 0 1 Mode 1—One-Shot Interval Timer 
О 1 0 Mode 2—Free-Run Interval Timer 
01 1 Mode 3—Pulse Width Measurement 
1000 Mode 4—Event Counter 
10 1 Mode 5—One-Shot Pulse Width Generation 
1 1 0 Mode 6—Free-Run Pulse Generation 
1 1 1 Mode 7—Retriggerable Interval Timer 


The CMCR can be written into at any time without disabling or 


stopping the Counter/Timer. This allows the Counter/Timer mode | 


of operation to be changed while it is still in operation. However, 
selecting Mode 0 disables the Counter/Timer and stops its 
operation. The Prescaler and the IRQT interrupt can also be 


enabled or disabled at any time. The CMCR is written to when | 


the register address is 3 and R/W is low. 


STATUS REGISTER (SR) 


The 8-bit Status Register (SR) reports the status of two interrupt 
conditions: Counter underflow (IRQT) and Port A interrupt 
(IRQA). The format of the Status Register is: 


|| UF (IRQT)| IRQA 
Interrupt 
Flag. _ 


| Interrupt 
Flag 
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sponding interrupt bits (ІНОА1, 


Bit 7 Counter Underflow (UF) Interrupt Flag - 
0 Counter underflow has not occurred. 
1 Counter underflow has occurred. 
Bit 6 IRQA Interrupt Flag 
0 Port A interrupt has not occurred. 
1 Port A interrupt has not occurred. 
Bit 5-0 


Not used, always read as shown in register - 
figure. 


The Counter underflow (UF), bit 7, is updated in the same clock | 


_ cycle that an underflow condition occurs on the Counter/Timer. 


Тһе IRQA interrupt flag (bit 6) is updated at the rising edge of 

the next 02 clock immediately following the setting of corre- - 
IRQA2) in the CRA register. 
НОА is set whenever IRQA1 or IRQA2 is set. The underflow 
bit is cleared whenever the Status Register is read, the Snap- 
shot Latch is read, the UL is written to at register address 0, 
Mode 0 is selected in the CMCR, or a RES occurs. Reading the 


. Status Register also clears the IRQA interrupt flag. The Status 


Register is read when the TE 9002: is 3 and кш 15 ш 


LOWER LATCH (LL) 


The Lower Latch (LL) holds the least significant 8-bits of the 
16-bit latch value. The LL is. written from the data bus (00-07) 
when the register address is 2 апа R/W is low. When the LL is 
loaded, the contents of the UC are copied into the Snapshot 
Latch (SL) without affecting the counting operation of the UC. 


UPPER LATCH (UL) 


The Upper Latch (UL) holds the most significant 8-bits of the 
16-bit latch value. The UL is written from the data bus (00-07) 
when R/W is low and the register address is either O or 1. The 


difference in the two register address functions are: 


Register Address 0 


1. The UL is loaded from DO-D7. 

2. The contents of the Latch (UL and LL) are transferred to the 
Counter (UC and LC, respectively). | 

3. The UF bit is cleared in the ЗВ. | 

4. The Counter is enabled, i.e., the count in UC and LC is dec- 
remented by one upon detection of a rising edge on either 
(42 or CNTR (depending upon mode selection) as scaled by 
the Prescaler. 


| Register Address 1 


1. The UL is loaded from 00-07. 


2. All other elements of the Counter/Timer аге unaffected. 
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LOWER COUNTER (LC) 


The Lower Counter (LC) holds the least significant 8-bits of the 
16-bit counter. 


When the LC decrements below $00, 1 is borrowed from the 
UC to load $FF into the LC. 


The LC is read to the data bus (DO-D7) when the register 
address is 2 and R/W is high. When LC is read, the 8-bit con- 
tents of the UC is transferred to the Snapshot Latch without 
affecting the operation of the counter (i.e., the count-down con- 
tinues without interruption). 


UPPER COUNTER 


The Upper Counter (UC) holds the most significant 8-bits of the 
16-bit counter. The UC is read to the data bus (DO-D7) when 
the register address is 1 and R/W is high. When the UC is read, 
there is no other effect on the Counter/Timer operation. Counter 
underflow occurs when the LC borrows a 1 from the UC value 
of $00. 


Note: 


When reading the UC directly, the value read can be one 
count too high if the LC value is just above $0000 at the 
start of the read since an underflow in the LC will result 
in decrementing the UC by one count. The Snapshot 
Latch should be read to obtain the UC value corre- 
sponding to the LC value. 


SNAPSHOT LATCH (SL) 


The Snapshot Latch holds the value of the UC corresponding 
to the LC value. The SL is loaded with the value of the UC when 
the LL is written to, or when the LC is read. The SL is read to 
the data bus (DO-D7) when the register address is 0 and R/W 
is high, without affecting the counting operation. When the SL 
is read, the UF in the SR is cleared. Since the SL is loaded with 
the value of the UC whenever the LC is read, an accurate count 
of the total 16-bit counter can be made without the need for 
further calculations to account for delays between the reading 
of the LC and the UC. . 


COUNTER/TIMER OPERATION 


The Counter/Timer has eight modes of operation. The Counter/ 
Timer is always either disabled (mode 0) or operating in one of 
the other seven modes as selected in the Counter Mode Control 
Register (CMCR). 


To operate the Counter/Timer, first issue Mode 0 to stop any 
counting in progress due to a previously selected mode, to clear 
the counter underflow bit in the SR and to disable the ІНОТ 
interrupt. The order of mode selection and latch loading depends 
upon the desired mode. Generally, if a timer mode based on the 
(82 clock rate is to be selected, first select the mode then write 
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UL and LL values are loaded into the UC and LC, respectively, 
and the counter is enabled. The counter then decrements one 
count for every positive edge (low to high) transition detected 
on the Z2 or CNTR input (depending on the selected mode) as 
scaled by the Prescaler. In most modes, each time the counter 
underflows below $0000, the underflow bit is set in the SR, the 
counter reloads to the latch value and the down-counting con- 
tinues. If the UF bit is set when the ІНОТ is enabled in the 
CMCR, the IRQ output will be asserted to the processor. 


MODE 0—DISABLE COUNTER/TIMER 


The Counter/Timer is disabled (all counting stops), the IROT 
interrupt (bit 7 in the CMCR) is disabled, and the counter under- 
flow (bit 7 in the SR) is cleared. Mode 0 may be selected at any 
time by selecting Mode 0 in the CMCR or upon RES which 
initializes the CMCR to $00. Selecting Mode 0 in the CMCR 
does not affect any data in the LL or UL, any count in the LC 
or UC, or any data in the SL. 


MODE 1--ОМЕ SHOT INTERVAL ТІМЕН 


The counter counts down once from the latch value at the (22. 
clock rate (as scaled by the Prescaler) and sets the UF bit in 
the SR upon underflow. The counter starts when data is written 
to the UL at register address 0, which causes the UL and LL 
values to be loaded into the UC and LC, respectively. When the 
counter decrements below $0000, the UF bit in the SR is set. 
The set UF bit causes IRQ to be asserted if the IRQT Enable 
bit is set in the CMCR. Upon decrementing below $0000, the 
UC and LC are automatically reset to a value of $FFFF and the 
counter continues down-counting. However, the UF bit in the 
SR will not be set again (due to the counter again decrementing: 
through $0000) until the UL is again written at register address 
0. The СМТН line is not used in this mode. Figure 6 shows the 
timing relationship for Mode 1 operation. 


Typical Application: Can be used for an accurate time delay. 
such as would be required to control the duration of time to have 
a thermal printer element activated. 


MODE 2—FREE-RUN INTERVAL TIMER 


The counter repetitively counts down at the #2 clock rate, as 
scaled by the Prescaler, and sets the UF bit in the SR each time 


| ‚ the counter underflows. The counter is initialized to the UL and 


the timer initialization value to the latch. Write the LL first then | 


the UL value (to register address 0). When the UL is written, the 
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LL values and starts down counting at the clock rate when the 
UL value is written to register address 0. Each time the counter 
decrements below $0000, the UF bit in the SR is set, the counter 
is reloaded with the UL and LL value, and the count-down cycle 
continues. If the IRQT Enable bit is set in the CMCR, IRQ will 
thus be asserted upon each time-out. The CNTR line is not used 
in this mode. Figure 7 shows the timing relationship for Mode 
2 operation. 


Typical Application: Can be used for a timed interrupt struc- 
ture when a hardware location needs updating at specific inter- 
vals, such as would be required to update а multiplexed display. 
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WRITE | 
UPPER LATCH 
(ADDR 0) 


STATUS. EM ; 
. REGISTER 


READ Ž 
SNAPSHOT — o 
LATCH 


. Figure 6. Моде 1—One-Shot Interval Timer Timing 


WRITE 
UPPER LATCH / 
(ADDR 0) ~ 


ва 


——N + 1 CYCLES 


ВЕАО | | m | 
_ STATUS. Ж die IN | | | | 
REGISTER а Е DINE ME т 
.READ | 
ЗМАРЗНОТ — ао----------------- 
LATCH 


Figure 7. Mode 2—Free-Run interval Timer Timing 
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MODE 3—PULSE WIDTH MEASUREMENT 


The counter counts down from the latch value at the (2 clock 
rate (scaled by the Prescaler) from the time the CNTR input 
goes low until CNTR goes high to provide a measurement of 
the CNTR low pulse duration. The counter is loaded with the 
value of the UL and LL upon writing UL to register address O. 
The counter starts decrementing at the scaled #2 clock rate 
when the CNTR line goes low and stops decrementing when 


the CNTR line returns high. If the counter decrements below 


$0000 before the CNTR line goes low, the UF bit in the SR is 
set, the counter is reloaded with the UL and LL value, and the 
cycle continues down until CNTR goes high. Once the CNTR 
line has cycled from high to low and back to high, the Counter/ 


Timer will ignore any additional high to low transitions on the 


CNTR line. To reinitiate Mode 3, it is necessary to reload the 
UL by writing to register address O. Figure 8 shows the timing 
relationships for a Mode 3 operation. 


Typical Application: Can be used to measure the duration of 
an event from an external device. Allows an accurate measure- 


ment of the duration of a logical low pulse on the CNTR line. 


"Peripheral Interface Adapter/Ti imer = 


MODE 4—EVENT COUNTER 


CNTR is an input and the Counter/Timer counts the number of 
positive transitions on CNTR. The counter is initially loaded with 
the UL and LL value when the UL 15 written to register address 
0. The counter then decrements one count оп the rising edge 
of the 22 clock after a rising edge (low to high transition) is 
detected on the CNTR input (as scaled by the Prescaler). The 
maximum rate at which this rising edge can be detected is one- 
half the (2 clock rate. When the counter decrements below 
$0000, the UF bit in the SR is set, the counter is reloaded with 
the UL and LL value and the operation repeats. Figure 9 Shows 
the timing relationship of a Mode 4 operation. . 


Typical Application: Can be used with a timed software. loop 
to. count external events (i.e., a frequency counter). 


TIMER DOES NOT DECREMENT 


TIMER DECREMENTS 


5 TIMES 


Figure 8. Mode 3—Pulse Width Measurement Timing 
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DECREMENTED 
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Figure 9. Mode 4—Event Counter Timing 


В65С24 
MODE 5—ONE-SHOT PULSE WIDTH GENERATION: 


CNTR is an output which can be pulsed low for a programmed 


time: interval. When this mode is selected in the CMCR, the 


CNTR output goes high (if the UF bit is set) or goes low (if the 
UF bit is cleared). The CNTR line then goes. low when data is 
written to the UL at register address 0, which also starts the 
. counter. The counter decrements from the UL and LL value at 


. the (82 clock rate as scaled by the Prescaler. When the counter 


ыр decrements below $0000, the СМТА output goes high, the ОҒ 
bit is set in the SR, the counter is reloaded with $FFFF and the 


count-down: continues. Figure 10 shows the timing relationship 


of Mode 5 operation. 

Note that clearing the UF bit after it is set upon the first timeout 
causes CNTR to go low, in which case CNTR will again go high 
upon the next counter timeout. 


Typical Application: Can be used to hold-off (delay) an external 


hardware event on an asynchronous basis such as disallowing _ 


a motor startup until certain parameters are met. 


MODE 6—FREE-RUN PULSE GENERATION 


CNTR is an output and the Counter/Timer can be programmed | 


to generate a symmetrical waveform, an asymmetrical wave- 
form, or a string of varying width pulses on CNTR. The CNTR 
line is forced low (if high upon mode selection) or remains low 


WRITE 
UPPER LATCH 


(ADDR 0) 


Peripheral Interface Adapter/Timer (PIAT) 


(if low upon mode selection) when data is written to the UL at 
register address 0 which also starts the counter. The counter 
decrements at the Ø2 clock rate as scaled by the. Prescaler. 
When the counter decrements, below $0000, CNTR toggles from 
low to high (or high to low deperiding upon its initial state), the. 
counter is reloaded with the UL and LL value and the counter 
continues down-counting. The UF bit in the SR is set the first 
time the counter decrements past $0000 and is cleared only if 
а new write to UL at register address 0 occurs. Figure 11 shows 
the timing relationship of a Mode 6 operation. 


This mode can be used to generate an asymmetrical waveform 
by toggling the UL and LL with the CNTR high and low times. 


. Immediately after starting the counter with the first CNTR low 


time, load the LL and UL (by writing to register address. 1, which 
does not restart the counter) with the CNTR high time. When: - 
the first counter underflow occurs, the counter loads the new 
latch value (i.e., the CNTR high t time) into the counter and con- 
tinues counting. During the IRQ interrupt processing resulting 
from the first counter time-out, load the LL and UL (at register 
address 1) with the original CNTR low time. Continue to alter- - 
nate loading of the high and low time latch values during the 
interrupt processing for the duration of the mode. 


Typical Application: Can be used to supply external circuitry 
with a software variable clock based upon the system (22 clock - 
(е.0., a tone generator for audio feedback). | 


UNDERFLOW 


FLAG 
SET 


Figure 10. Mode 5—One-Shot Pulse Width Generation Timing | 


UPPER LATCH _ 


Figure 11. Mode 6—Free-Run Pulse Generation Timing 
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MODE 7—RETRIGGERABLE INTERVAL TIMER 


The Counter/Timer operates as a timer which is retriggered, i.e., 
reinitialized to its starting value, upon detection of a negative 
transition on the CNTR input. The counter is initially loaded with 
the UL and LL value when the UL is written to register address 
0. The counter starts decrementing at the @2 clock rate (as 
_ scaled by the Prescaler) when а falling edge (high to low tran- 
sition) is detected on CNTR. The counter is reinitialized to the 
UL and LL value whenever a falling edge is subsequently 
detected on CNTR. If the counter decrements past $0000 before 


_ the falling edge is detected, the UF bit is set in the SR, the | 


counter is initialized to the UL and LL value and the count-down 
continues. 


Typical Application: Can be used to monitor signals that should 
be periodic and can interrupt the processor if the signal being 


monitored does not occur within a specified time frame; such | 


as a synchronous motor that has fallen out of synchronization. 


PRESCALER 


The Counter/Timer operates in either the divide by one or divide . 


by sixteen mode. In the divide by one mode, the counter holds 
from 1 to 65,535 counts. The counter capacity is therefore 1 us 
to 65,535 из at 1 MHz 02 clock rate or 0.25 us to 16,383 us 
at a 4 MHz (22 clock rate. Timer intervals greater than the max- 
imum counter value can be easily measured by counting under- 
flow flags or ІНО interrupt requests. 


The divide by sixteen prescaler can be enabled to extend the 
timing interval by 16. This provides timing from 1048.56 ms (1 


MHz) to 260.21 ms (4 MHz). The prescaler clocks the Counter/ —. 
Timer at the (22 clock rate divided by sixteen, except for Mode _ 


4. п Mode 4, sixteen positive CNTR. edges must occur to dec- 
rement the Counter/Timer by one count. | 


INITIALIZING THE COUNTERIT IMER 


The following program segment is one suggested technique for 
initializing the Counter/Timer: 


;Data Definition 


SL = $XXX0 :Snapshot Latch 
ОС = $XXX1 ;Upper Counter 
LC = $XXX2 ;Lower Counter 
SR = $XXX3 ;Status Register 
ULEC = $XXX0 ;Upper Latch and Enable Counter 
UL = $XXX1 ;Upper Latch 
LL = $XXX2 _;Lower Latch | 
CMCR = $XXX3 ‘Counter Mode Control Register 
;Program | Ек 
LDA = #$тодео ‘disable Counter/Timer 
‚ STA CMCR . write to mode register 
LDA #$mode’ ‚ ;Select mode and Prescaler and 
| предан (ВОТ enable/disable 
STA  СМСН ;write to mode register | 


© LDA 


:lower latch value 


LDA #Фоуаме 
STA LL | ;write to lower latch 
LDA #$hivalue supper latch value 

- 3write to upper latch 


STA ІЛЕС 3 
T фън ;clear underflow flag, and enable 


counter 


The following instructions is a way to change modes while the 


-Counter/Timer is in operation: 


LDA  #фтоде :select desired mode, except 
p 3 mci ada mode 0 
STA. | СМСВ ;write to mode register 


The change of mode operation will take effect immediately. 
Thus, the Free-Run Internal Timer mode (Mode 2) could be sys- 
tematically stopped by changing to the One-Shot Interval Timer 
mode (Mode 1). The Counter/Timer will then halt operation. 


. when the underflow condition occurs. This technique can also 


be used to enable or disable IRQ during program execution. 


READING THE COUNTER/TIMER 


To service an interrupt request, the following sequence can be 


"used: 
BIT $status ;get underflow flag 
BNE error _ успеск if flag is set 
LDA ЗС _ де low counter value for overflow | 
"КОХ „де! high counter value for overflow - 


55 
MEC ;underflow flag is cleared 


By reading the LC and SL, it is possible to determine the amount 
of time between the internet request and servicing the interrupt. 


To read a timer value at алу time, ine suggested technique 15 
as follows: 


;get low counter value 
;upper counter transferred to 
snapshot | 
| гапу miscellaneous code to store 
value if desired 
get high counter value 


$LC 


‚ША $SL 


READ/WRITE TIMING | 
CHARACTERISTICS OF PIAT 


| Figure 12 is a timing diagram for the R65C24. PIAT during a 


Read operation (input mode). Figure 13 is a timing diagram for 


. the PIAT during a Write operation (output mode). Table 5 shows ` 


the characteristics of the times shown in Figures 12 and 13. 
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Figure 12. Mode 7—Retriggerable Interval Timer Timing © 
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Figure 13. Read Timing Diagram | 
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Figure 14. Write Timing Diagram 


READING THE PERIPHERAL А I/O PORT 


Performing a Read operation with 851 = 0, RSO = 0 and the 
Data Direction Register Access Control bit (CRA-2) = 1, directly 
transfers the data on the Peripheral A I/O lines to the data bus. 
In this situation, the data bus will contain both the input and 
output data. The processor must be programmed to recognize 
and interpret only those bits which are important to the particular 
peripheral operation being performed. | 


Since the processor always reads the Peripheral A I/O port pins 
instead of the actual Peripheral Output Register (ORA), it is pos- 
sible for the data read by the processor to differ from the con- 
tents of the Peripheral Output Register for an output line. This 
is true when the /О pin is not allowed to go to a full +2.4М DC 
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when the Peripheral Output register contains a logic 1. In this 
case, the processor will read a 0 from the Peripheral A pin, even 


though the corresponding bit in the Peripheral Output register 


is a 1. | 


READING THE PERIPHERAL В ИО PORT. 


Reading the Peripheral B VO port yields a combination of input 
and output data in a manner similar to the Peripheral A port. | 
However, data is read directly from the Peripheral B Output 
Register (ORB) for those lines programmed to act as outputs. 
It is therefore possible to load down the Peripheral B Output 
lines without causing incorrect data to be transferred back to the 
processor on a Read operation. 


R65C24 же _ Peripheral Interface Adapter/Timer (PIAT) 


BUS TIMING CHARACTERISTICS 
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ABSOLUTE MAXIMUM RATINGS* | 


[vau — | 
Пори Votage | Vu | 03% +03 | мас 


ViN 
Operating Temperature TA 
Commercial 
Industrial а – 40 to +85 
OPERATING CONDITIONS 


A 


Temperature Range 


Commercial 
DC CHARACTERISTICS 


Industrial 
Voc = 5.0V +5%, Vss = 0, ТА = T, to Ty, (unless otherwise noted) 


*Note: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


0 to +70 


0? to 70°C 
– 409 to + 85°С 


Parameter 
Input High Voltage 
Input Low Voltage 


Input Leakage Current: | | Ма = OV to Усс 
ВАМ, RES, 850, 851, 852, CSO, 652, САТ, | | Мес = 5.25V 
СВ1, $2 | i | | 


Input Leakage Current for Three-State ОН 
DO-D7, PBO-PB7, CB2 


Input High Current 
РАО-РА7, CA2 


Input Low Current 
PAO-PA7, CA2 


Output High Voltage Voc = 4.75V 
Logic : | одр = 2004A 
PBO-PB7, СВ2 (Darlington Drive) à |одог = - 3.2 mA 


Output Low Voltage 
РАО-РА7, CA2, PBO-PB7, CB2 
00-07, ВО, CNTR 


Output High Current (Sourcing) 
. Logic 
PBO-PB7, CB2 (Darlington Drive) 


Output Low Current (Sinking) 
РАО-РА7, PBO-PB7, CB2, CA2 
00-07, IRQ, CNTR 


Output Leakage Current (Off State): lorr 
IRQ 


Power Dissipation 


Input Capacitance 
00-07, PAO-PA7, PBO-PB7, CA2, CB2, CNTR 
RW, RES, RSO, RS1, А52, CSO, CS2 
СА1, СВ1, $2 


Output Capacitance | 


Notes: 

1. All units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. Typical values are shown for Voc = 5.0V and TA = 25°С. 
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PACKAGE DIMENSIONS 
...40-PIN CERAMIC DIP 


40-PIN PLASTIC DIP 
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Rockwell 


_В65С51 


R65C51 


_ ASYNCHRONOUS COMMUNICATIONS 


DESCRIPTION 


The Rockwell CMOS Я65С51 Asynchronous Communications: А 


Interface Adapter (АСПА) provides an easily implemented, pro- 


gram controlled interface between 8-bit microprocessor-based 


systems and serial communication data sets and modems. 


The ACIA has an internal baud rate generator. This feature elim- | 
inates the need for multiple component support circuits, a crystal | 


being the only other part required. The Transmitter baud rate 
can be selected under program control to be either 1 of 15 dif- 
ferent rates from 50 to 19,200 baud, or at 1/16 times an external 
clock rate. The Receiver baud rate may be selected under рго-. 
- gram control to be either the Transmitter rate, or at 1/16 times 
the external clock rate. The ACIA has programmable word 
lengths of 5, 6, 7, or 8 bits; even; odd, or no parity; 1, 17, or 
2 stop bits. 


The ACIA is designed for maximum programmed control from 
the microprocessor (MPU), to simplify hardware implementa- 
tion. Three separate registers permit the MPU to easily select 
the R65C51's operating modes and data checking parameters 
and determine operational status. 


The Command Register controls parity, receiver echo mode, 
transmitter interrupt control, the state of the RTS line, receiver 
interrupt control, and the state of the DTR line. 


The Control Register controls the number of Sia: bits, word 
length, receiver clock Source, and baud rate. 


The Status Register indicates the states of the па. DSA, and 
DCD lines, Transmitter and Receiver Data Registers, and 
Overrun, Framing, and Талу Error conditions. 


The Transmitter and Receiver Data Registers are used for tem- 
porary data storage by the ACIA Transmit and Receiver circuits. 


ORDERING INFORMATION 


Part No.: R65C51__ | 


! Temperature Range (T, to Ти): 
Blank = 0°С to +70°С 
Е = —40°С 10 +85°С 


Frequency . Range: 
5 = 1 МН2 . 
- 2 МН2 

5 = 3 MHz: 
4 = 4 MHz. ` 


Package: 
C = Ceramic 
P = Plastic 


INTERFACE ADAPTER (ACIA) 
PRELIMINARY | 


FEATURES 


(ом power CMOS N-well silicon gate technology | 

-Direct replacement for NMOS R6551 АСПА. 
Full duplex operation with buffered receiver and transmitter 
Data set/modem control functions 


Internal baud rate generator with 15 programmable baud 
rates (50.10 19,200). 


e Program-selectable internally or externally controlled receiver 
rate 


Programmable word lengths, number of stop bits, and parity 
bit generation and detection 

Programmable interrupt control 

Program reset 

Program-selectable serial echo mode 

Two chip selects 

2 or 4 MHz operation 

5.0 Мас + 5% supply requirements . 

28-pin plastic or ceramic DIP 

Full TTL compatibility ` 


Compatible with R6500, R6500/* and В65С00 micro- 
processors 


11 

12 
3 
4 
5 

16 
7 
8 


Figure 1. R65C51 АСА Pin Configuration 
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Asynchronous Communications Interface Adapter (ACIA) 
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Figure 2. ACIA Internal Organization 


` FUNCTIONAL DESCRIPTION 


A block diagram of the ACIA is presented in \ Figure 2 едва 


by a description of each functional element of the device. 


DATA BUS BUFFERS 


The Data Bus Buffer interfaces the system data lines to the 
internal data bus. The Data Bus Buffer is bi-directional. When 


the R/W line is high and the chip is selected, the Data Bus Buffer. 


passes the data from the system data lines to the ACIA internal 


.. data bus. When the R/W line is low and the chip is selected, the 


Data Bus Buffer writes the data from the internal data bus to the 
system data bus. aet 


© INTERRUPT LOGIC 


The Interrupt Logic will cause the IRQ line to the microprocessor 
to go low when conditions are met that require the attention of 
the microprocessor. The conditions which can cause an inter- 
rupt will set bit 7 and the appropriate bit о? bits З through 6 in 
the Status Register, if enabled. Bits 5 and 6 correspond to the 
Data Carrier Detect (DCD) logic and the Data Set Ready (DSR) 


_ logic. Bits З and 4 correspond to the Receiver Data Register full 


and the Transmitter Data Register empty conditions. These con- 
ditions can cause an interrupt шамы if enabled by. the Com- 
mand 8015197, 


I/O CONTROL 


The үО Control Logic controls the selection of internal registers 


in preparation for а data transfer on the internal data bus and - 


. the direction on the transfer to or from the а 


The: registers а are Seded Ба the Receiver Select (RSI, RSO) 
and Read Write (RW) lines as described later in Table 1. 


TIMING AND CONTROL 


The Timing and Control logic controls the timing of data trans- 


fers on the internal data bus and the registers, the Data Bus 
Buffer, and the microprocessor cata bus, and the hardware 
reset features. | 


Timing is controlled by the € #2 clock input. The chip will 


perform data transfers to or from the Dee data bus 
during the #2 high period when selected. 


All registers will be initialized by the Timing and Control Logic 
when the Reset (RES) line goes low. See the individual register 
description for the state of the registers eee a hardware. 
reset. | 


TRANSMITTER AND RECEIVER DATA REGISTERS 
These registers are used as temporary data storage for the 
ACIA Transmit and Receive Circuits. Both the Transmitter and 
Receiver are selected by a Register Select 0 (RSO) a and Register 
Select 1 (RS1) low condition. The Read/Write (R/W) line deter- 
mines which actually uses the internal data bus; the Transmitter 
Data Register is write only and the Receiver Data Register is 
read only. ! 


Bit 0 is the first bit to be transmitted from the Transmitter Data 
Register (least significant bit first). The higher order bits follow 
in order. срива bits in this register are “don't care”. 


The осам Data nee holds the first pened data bit in Y 
bit O (least significant bit first). Unused high- -order bits are "O". 
Parity bits are not contained irithe Receiver Data Register. They 
are stripped off after being used for parity dd. 
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_ STATUS REGISTER 


The Status Register indicates the state of interrupt conditions | 


and-other non-interrupt status lines. The interrupt conditions are 
the Data Set Ready, Data Carrier Detect, Transmitter Data Reg- 
ister Empty and Receiver Data Register Full as reported in bits 
6 through 3, respectively. If any of these bits are set, the Inter- 
rupt (IRQ) indicator (bit 7) is also set. Overrun, Framing Error, 

and Parity Error are also reported (bits 2 through 0 respectively). 


7 6 5 4 3 2 1 0 


Bit 7 Interrupt (IRQ) 
0 .No interrupt 
1 Interrupt has occurred 
Bit 6 Data Set Ready (DSR) 
0 DSR low (ready) 
1 .. DSR high (not ready) 
Bit 5 Data Carrier Detect (DCD) 
0 DCD low (detected) 
1 DCD high (not detected) 
Bit 4 Transmitter Data Register imi 
0 Not empty | 
1 Empty 
Bit 3 Receiver Data Register Full 
0 Not full Е 
22 Full 
Bit 2 Overrun* 
0 No overrun 
1 Overrun has occurred 
Bit 1 Framing Error* 
0 No framing error 
1 Framing error detected 
Bit 0 Parity Error* 
0 No parity error 
1 Parity error detected 


* No interrupt occurs for these conditions 
Reset Initialization 


765 43 2 10 
п==ппппп 
= ЕЕ 


Hardware reset 
Program reset 
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Parity Error (Bit 0), Framing Error. E ks and 
Overrun (2) : 


None of these bits causes a processor interrupt to occur, but 
they are normally checked at the time the Receiver Data Reg- 
ister is read so that the validity of the data can be verified. These 
bits are self clearing (i.e., they are automatically cleared апе! 
a read of the Receiver Data Register). 


Receiver Data Register Full (Bit 3) 


This bit goes to a 1 when the ACIA transfers data from the 
Receiver Shift Register to the Receiver Data Register, and goes 
to a 0 (is cleared) when the processor reads the Receiver Data 
Register. 


Transmitter Data Register Empty (Bit 4) 


This bit goes to a 1 when the ACIA transfers data from the 
Transmitter Data Register to the Transmitter Shift Register, and 
goes to a 0 (is cleared) when the processor writes new data 
onto the Transmitter Data Register. | 


Data Carrier Detect (Bit 5) and Data Set Ready 
(Bit 6) 


These bits reflect the levels of the DCD and DSR inputs to the 
ACIA. A 0 indicates a low level (true condition) and a 1 indicates 
a high level (false). Whenever either of these inputs change 
state, an immediate processor interrupt (IRQ) occurs, unless bit 
1 of the Command Register (IRD) is set to a 1 to disable IRQ. 
When the interrupt occurs, the status bits indicate the levels of 
the inputs immediately after the change of state occurred. Sub- 
sequent level changes will not affect the status bits until the 
Status Register is interrogated by the processor. At that time, 
another interrupt will immediately occur and the status bits 
reflect the new input levels. These bits are not automatically 
cleared (or reset) by an internal operation. 


Interrupt (Bit 7) 


This bit goes to a 1 whenever an interrupt condition occurs and 
goes to a 0 (is cleared) when the Status Register is read. 


R65C51 


. CONTROL REGISTER 


The Control Register selects the desired baud rate, кеу 
source, word length, and the number of stop. b bits. 


Bit 7 Stop Bit Number (SBN) 
0 1 Stop bit 
1 -. 2 Stop bits 
1 ‚ 1% Stop bits 
Рог WL-= 5 апа по parity | 
Е 1 Stop bit 
For WL = 8 апо parity 
Bits 6-5 Мога Length (WL) 
6 5 No. Bits 
0 0 8 
0 1 7 
1 0 6 
1 1 5 
Bit 4 Receiver Clock Source (RCS) 
0 External receiver clock 
1 Baud rate | 
Bits 3-0 Selected Baud Rate (SBR) 
3 2 1 0 Baud 
0 0 0 0 16х 
0 0 0 1 50 
0 0 1 0 75 
0 0 1 1 109.92 
0 1 0 0 134.58 
0 1 0 1 150 
0 1 1 0 300 
0 1 1 1 600 
1 0 0 0 1200 
1.0 0 1 1800 
1 0 1 0 2400 
1 0 1 1 3600 
1 1 0 0 4800 
1 1 0 1 7200 
1 1 1 0 9600 
1 1 1 1 19,200 


Reset Initialization 
7 6 5 43210 


" [eToTo[oToToToTo] Hardware reset (RES) 
L-l-l-l-l-l-[-|-] Program reset 
9 


- Asynchronous Communications Interface Adapter (АСТА) 


Selected Baud Rate (Bits 0, 1, 2, 3) 


These bits select the Transmitter baud rate, which can be at 


1/16 an external clock rate or one of 15 other rates controlled by 
the internal baud rate generator. 


If the Receiver clock uses the same baud rate as the transmitter, 


_ then RxC becomes an output and can be used to slave other 
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circuits to the ACIA. Figure 3 shows the Transmitter and Receiver 
layout. 


RECEIVER | 
SHIFT REGISTER 


` CLOCK 
DIVIDER, 
(16) 


CONTROL 
REGISTER | 
BIT 4 


BAUD RATE 
GENERATOR 


. CLOCK 
_ DIVIDER 
| (16) 


BITS 0-3 IN | TRANSMITTER 


CONTROL 


SHIFT REGISTER 
REGISTER 


Figure 3. Transmitter/Receiver Clock Circuits 


Receiver Clock Source (Bit 4) . 


This bit controls the clock source to the Receiver. A 0 causes 
the Receiver to operate а! a baud rate of 1/46 an external clock. 
А 1 causes the Receiver to operate at the same baud rate as 
15 selected for the transmitter. 


Word Length (Bits 5, 6) 
These bits determine the word length to be used (5, 6, 7 or 8 


bits). 


Stop Bit Number (Bit 7) 


This bit determines the number of stop bits T A 0 always 
indicates one stop bit. A 1 indicates 172 stop bits if the word 
length is 5 with no parity selected, 1 stop bit if the word length 
is 8 with parity selected, and 2 stop bits in all other configurations. 
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COMMAND REGISTER 


The Command Register controls specific modes and functions. 


Bits 7-6 Parity Mode Control (PMC) 
7 6 | 
0 0 ода рагйу franemiiedireceWed 
0 1 Even parity transmitted/received 

1 0 Mark parity bit transmitted 
Parity check disabled 

1 1 Space parity bit transmitted 
Parity check disabled 

Bit 5 Parity Mode Enabled (PME) 


0 Parity mode disabled 
No parity bit generated 
Parity check disabled 


1 _ Parity mode enabled 
Bit 4 ^ Receiver Echo Mode (REM) 
0 Receiver normal mode 
1 Receiver echo mode bits 2 and 3 | 
. Must be zero for receiver echo mode, RTS will 
be low. 
Bits 3-2 Transmitter Interrupt Control (TIC) 
3 2 | | 
0 0 RTS = High, transmit interrupt disabled 
0 1 АТ$ = Low, transmit interrupt enabled 
1 0 RTS - Low, transmit interrupt disabled 
1. 1 RTS - Low, transmit interrupt disabled 
transmi break on TxD 
Bit 1 Interrupt Request Disabled (IRD) 
0 IRQ enabled | 
1 IRQ disabled | 
Bit 0 Data Terminal Ready (DTR) 
0 Data terminal not ready (DTR high) 
1 Data terminal ready (DTR low) 


Reset Initialization 
76543210 


000 То 0 0 |0 |0| Hardware reset (RES) 
——/—1—10 [0 [0 [0 [0] Prògram reset 


Asvnchironous Communications Interface Adapter (АСТА) 


Data Terminal Ready (Bit 0) 


This bit enables all selected ] interrupts and controls the state of 
the Data Terminal Ready (РТА) line. A 0 indicates the micro- 
computer system is not ready by setting the DTR line high. A 


. 1 indicates the microcomputer System is ready by setting the 


DTR line low. 


Receiver Interrupt Control (Bit 1) 
This bit disables the Receiver from generating an interrupt when 


set to a 1. The Receiver interrupt is enabled when this bit i is set 
toad and Bit 0 i is set to a 1. 


Transmitter ий Control (Bits 2, 3) 


These bits control the state of the Ready to Send (RTS) line and 
the Transmitter interrupt. | 


Receiver Echo Mode (Bit 4) 

A 1 enables the Receiver Echo Mode and a 0 enables the 
Receiver Echo Mode. When bit 4 is a 1 bits 2 and 3 must be 
0. In the Receiver Echo Mode, the Transmitter returns each 
transmission received by the Несеіуег delayed by one-half bit 
time. 


Parity Mode Enable (Bit 5) 


This bit enables parity bit generation and checking. A 0 disables 
parity bit generation by the Transmitter and parity bit checking 
by the Receiver. A 1 bit enables generation and checking of 
parity. bits. | 


Parity Mode Control (Bits 6, 7) 


These bits determine the type of parity generated by the Trans- | 
mitter, (even, odd, mark or space) and the type of parity check 
done by the Receiver (even, odd, or no check). . | 
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INTERFACE SIGNALS В ТЕ га б, % Interrupt Request (ВО) 
Figure 4 shows the. ACIA interface signals associated with the The IRQ pin is an interrupt output from the interrupt control logic. 


It is an open drain output, permitting several devices to be con- 
nected to the common IRQ microprocessor input. Normally a 
high level, IRQ goes low when an interrupt occurs. | 


| DATA TRANSMIT | CTS Data Bus (00-07) Г = | 
BUS || CONTROL || х | | 
BUFFERS = i | The eight data line (00-07) pins transfer data between the рго- 
PETI TRANSMIT E cessor and the ACIA. These lines are bi-directional and are nor- - 


| чегиш | ЕЁ - : mally а ај except during Read cycles when the 
LOGIC _ REGISTERS | | . ACIA is selected. | B | К | 
ше а s 
[ee | врше Бев Chip Selects (С50, 651) 


microprocessor and the modem. 


ИО _ 


CONTROL | | BAUD _. | ` The two стр select inputs are normally connected to the pro- | 
| ‘RATE | cessor address lines either directly or through decoders. The 
| GENERATOR | | ACIA is selected when CSO is high and CS1 is low. When the 
| | а m | ACIA is selected, the internal registers are addressed in accor- 
"d TES E | dance with the register select lines (RSO, RS1). 
|| .& CONTROL 27 | 
»| Luogic __| | СИНА || ___- | Register Selects (850, А51) _ 


The two register select lines are normally connected to the pro- 
cessor address lines to allow the processor to select the various 
ACIA internal registers. Table 1 shows the internal register 
select coding. | 


RECEIVE 
БАТА & 


SHIFT 
.| REGISTERS 


| RECEIVE | 
CONTROL 


Figure 4. ACIA Interface Diagram 


Table 1. АСІА Register Selection 
| Register Operation - 


MICROPROCESSOR INTERFACE 


Reset (RES) 

During system initialization a low on the RES input causes а | | ! 
hardware reset to occur. Upon reset, the Command Register Programmed Reset Read Status 
and the Control Register are cleared (all bits set to 0). The | (Data is "Don't - Недізіег 


Status Register is cleared with the exception of the indications 
of Data Set Ready and Data Carrier Detect, which are externally 
controlled by the DSR and DCD lines, and the transmitter Empty 
bit, which is set. RES must be held low for one Z2 clock cycle 
for a reset to occur. 


Input Clock (22) 


The input clock is the system £2 clock and clocks all data trans- 


fers between the system microprocessor and the ACIA. | | | 
y р | Only the Command and Control registers can both be read and 


Е = written. The programmed Reset operation does not cause апу 
Read/Write (RW) data transfer, but is used to clear bits 4 through 0 м the Сот- 
The R/W input, generated by the microprocessor controls the mand register and bit 2 in the Status Register. The Control Reg- 
direction of data transfers. A high on the ВАМ рт allows the ister is unchanged by a programmed Reset. It should be noted 
processor to read the data supplied by the ACIA, a low allows that the programmed Reset is slightly different from the hard- 
a write to the ACIA. ware Reset (RES); refer to the register description. 
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_ В65С51 
ACIA/MODEM INTERFACE 


Crystal Pins (XTLI, XTLO) 


These pins are normally directly connected to the та 
crystal (1.8432 MHz) to derive the various baud rates. Alter- 
natively, an externally generated clock can drive the XTLI pin, 


in which case the XTLO pin must float. XTLI is the input pin for. 


the transmit clock. 


Transmit Data (TxD) 


The TxD output line transfers serial nonreturn-to-zero (NRZ) 


data to the modem. The least significant bit (LSB) of the Transmit 
Data Register is the first data bit transmitted and the rate of data 
transmission is determined by the baud rate selected or under 
control of an external clock. This selection is made by program- 
ming the Control Register. 


Receive Data (RxD) 


The RxD input line transfers serial NRZ data into the ACIA from 

the modem, LSB first. The receiver data rate is either the pro- 
grammed baud rate or under the control of an externally gen- 
erated receiver clock. The selection is made by programming 
the Control Register. 


Receive Clock (RxC) 


The RxC is a bi-directional pin which is either the receiver 16x 
clock input or the receiver 16x clock output. The latter mode 
results if the internal baud rate generator i is selected for receiver 
data clocking. 


Request to Send (RTS) 


The RTS output pin controls the modem from the processor. 
The state of the RTS pin is determined by the contents of the 
Command падат 


CHAR#n CHAR #п+1 


PROCESSOR 
INTERRUPT 
(TRANSMIT DATA 
REGISTER EMPTY) 


PROCESSOR READS STATUS 
REGISTER, CAUSES IRQ 
TO CLEAR 


“Asynchronous Communications Interface Adapter (ACIA) 


Clear to Send (CTS) 


The CTS input pir pin controls the transmitter operation. The enable | 
state is with. CTS low. The transmitter is automatically disabled 
if CTS is high. | 


Data Terminal Bunny (б ТН) 


This output pin indicates the: status of the ACIA to the modem.. 
A low on DTR indicates the ACIA is enabled, a high indicates 
it is disabled. The processor controls this ВИД ма bit 0 of the 


Command Register. 


Data Set Ready DSR) 


. The DSR input pin indicates to the ACIA the status of the 


modem. A low indicates the "ready" state and a high, “not- 
ready." 


Data Carrier Detect (DCD) 


The DCD input pin indicates to the ACIA the status of the carrier- 
detect output of the modem. A low indicates that the modem 
carrier signal is present and a high, that it is not. 


| TRANSMITTER AND RECEIVER OPERATION 


Continuous Data Transmit 


In the normal operating mode, the interrupt request output (IRQ) 
signals when the ACIA is ready to accept the next data word to 
be transmitted. This interrupt occurs at the beginning of the Start 
Bit. When the processor reads ine маша Недізіег ог Пе АСА, 
ће interrupt is cleared. 


The processor must then identify that the Tránsmit Data Reg- 
ister is ready to be loaded and must then load it with the next 
data word. This must occur before the end of the Stop Bit, other- 
wise a continuous "MARK" will be transmitted. Figure 5 shows 
the continuous Data Transmit ит relationship. 


CHAR #п+3. 


-EEHEEEL EET ШЕГЕ: EPE аси 


CHAR #п42 


PROCESSOR MUST 
LOAD NEW-DATA 

IN THIS TIME 
INTERVAL; OTHERWISE, 
CONTINUOUS "MARK" 
IS TRANSMITTED 


Figure 5. Continuous Data Transmit 
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265651 7 Asynchronous Communications Interface Adapter (ACIA) 
Continuous Data Receive | | | | 
Similar to the Continuous Data Transmit case, the normal read the data word before the next interrupt, otherwise the 


operation of this mode is to assert ТВО when the ACIA has | Overrun condition occurs. Figure 6 shows the continuous Data 
received a full data word. This occurs at about 9/16 point through Receive Timing Relationship. 


the Stop Bit. The processor must read the Status Register and 


CHAR # n | Ё | CHAR ded | "CHAR #п+2 NNUS PN 


EIE EL =| «EI У]. SERI ЕТСІН 


PROCESSOR 

INTERRUPT OCCURS 

ABOUT 9/16 INTO | PROCESSOR MUST READ 
LAST STOP BIT : | ~ RECEIVER DATA IN THIS 
PARITY. OVERRUN EON READS STATUS TIME INTERVAL; OTHERWISE, 


TO CLEAR. 
ALSO, UPDATED 


.. Figure 6. Continuous Data Receive 


Transmit Data Register Not Loaded by Processor 


If the processor is unable to load the Transmit Data Register | in When the processor finally loads new data, a Start Bit imme- 
the allocated time, then the TxD line goes to. the "MARK" con- diately occurs, the data word transmission is started, and another 
dition until the data is loaded. IRQ interrupts continue to occur interrupt is initiated, signaling for the next data word. Figure 7 
at the same rate as previously, except no data is transmitted. shows the timing тор for this mode of operation. 


CHAR 0 CONTINUOUS "MARK" | CHAR #п+1 ; . CHAR ол = 


~ fan EL - 7 BEBE стаје ENS 


___ CHARACTER , 
TIME 


PROCESSOR | 
INTERRUPT i PROCESSOR 
FOR DATA DOES NOT LOAD INTERRUPTS 


REGISTER NEW DATA IN CONTINUE AT 


EMPTY TIME CHARACTER RATE, WHEN PROCESSOR FINALLY LOADS 
PROCESSOR EVEN THOUGH NEW DATA, TRANSMISSION STARTS 
READS NODATAIS à ^". IMMEDIATELY AND INTERRUPT 
STATUS TRANSMITTED : OCCURS, INDICATING TRANSMIT | 
REGISTER | m DATA REGISTER EMPTY 


Figure 7. Transmit Data Register Not Loaded by Processor 
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Н65С51 | a | Asynchronous Communications Interface Adapter (АСПА) _ 


Effect of CTS on Transmitter 


CTS is the Clear-to-Send signal generated by the modem. tis > indicates that the Transmitter Data Register is not empty and | 
normally low (true state) but may go high іп the event of some _ IRQ is not asserted. CTS is a transmit control line only, and has 
modem problems. When this occurs, the TxD line goes to the по effect on the ACIA Receiver Operation. Figure 8 shows the 
"MARK" condition after the entire last character (including parity | timing relationship for this mode of operation. 


and Stop bit) have been transmitted. Bit 4 in the Status а 


— LN. "E | ' CONTINUOUS “MARK” 


ТАД 15 NOT ASSERTED 
AGAIN UNTIL CTS 


NOT CLEAR-TO-SEND GOES LOW 


CLEAR-TO-SEND 


CTS GOES HIGH, 

INDICATING MODEM 

IS NOT READY ТО | 

RECEIVE DATA. TxD | 

GOES TO “MARK” CONDITION 
AFTER COMPLETE CHARACTER 
IS TRANSMITTED. 


Figure 8. Effect of CTS on Transmitter 


Effect of Overrun on Receiver 


If the processor does not read the Receiver data Register | in the but the Overrun status bit is set. Thus, the Data Register will 
allocated time, then, when the following interrupt occurs, the contain the last valid data word received and all following data 
new data word is not transferred to the Receiver Data Register, | is lost. Figure 9 shows the timing relationship for this mode. | 


CHAR п+т | | сная фта | B | pee M 


“ELF -Con ke = EET: ELF ~] PT 
PROCESSOR | [PROCESSOR | Jr RECEIVER DATA REGISTER 


INTERRUPT PROCESSOR |ooeswor | | © NOT UPDATED, BECAUSE ` 
FOR RECEIVER READS - [READ DATA | PROCESSOR DID NOT READ 
DATA REGISTER . STATUS —  [negisrTER | PREVIOUS DATA, OVERRUN 
FULL . REGISTER . pe | ВИТ SET IN STATUS 


REGISTER 


PROCESSOR DOES xl OVERRUN BIT SET IN 


NOT READ STATU | 
НЕСІ5ТЕН | STATUS REGISTER p 


Figure 9. Effect of Overrun on Receiver 
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Echo Mode Timing 


In Echo Mode, the TxD line re-transmits the data on the RxD 
line, delayed by 72 of the bit time, as shown in Figure 10. | 


ESSI ТГАТ SET SE | 


- 1/2 DATA BIT DELAY 


Figure 10. Echo Mode Timing 


Effect of CTS on Echo Mode Operation 


In Echo Mode, the Receiver operation is unaffected by CTS, | {һе Receiver Data Register is full in response to an IRQ, so the 
however, the Transmitter is affected when CTS goes high, i.e., processor has no way of knowing that the Transmitter has 
the TxD line immediately goes to a continuous. “MARK” con- ceased to echo. See Figure 11 for the timing relationship of this 
dition. In this case, however, the Status Request indicates that mode. 


CHAR # п CHAR #п+1 CHAR # п+2 CHAR #n+3 


= = . oe | = = oe 
„ек ее] [Ге ЕТЕ]. С eee) RT 


. NOT-CLEAR-TO-SEND 


CONTINUOUS “MARK” UNTIL CTS GOES LOW 


/- 


P. [stop|star ЕН Dna stop|Start DEE8I 


CTS GOES TO. 
“FALSE” CONDITION 


NORMAL 
RECEIVER DATA 
REGISTER FULL 
INTERRUPTS 


Figure 11. Effect of CTS on Echo Mode 
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Н65С51 
Overrun in Echo Mode | 
. Kf Overrun occurs in Echo Mode, the Receiver is affected the 


same way as a normal overrun in Receive Mode. For the re- 


transmitted data, when overrun occurs, the TxD line goes to the 


CHAR киш NM 


PEGE ELF EPEN, FERA EET 


P [Stop [Start 


PROCESSOR 

INTERRUPT . [PROCESSOR 

FOR RECEIVER DOES NOT 

DATA REGISTER | | | READ RECEIVER 
FULL DATA REGISTER 


PROCESSOR 
READS . OVERRUN OCCURS 
STATUS TxD GOES TO 


REGISTE "MARK" 
PIER CONDITION 


. Asynchronous Communications Interface Ad apter (ACIA) 


"MARK" condition until the first Start Bit after the Receiver Data 
Register is read by the processor. Figure 12 shows the timing 
relationship for this mode: 


CHAR али 22 CHAR х+1 


J PROCESSOR FINALLY 
READS RECEIVER RESUMES 
DATA REGISTER, : 
LAST VALID 
CHARACTER (£n) 

PROCESSOR 
INTERRUPT 

FOR CHAR #х 

IN RECEIVER 
DATA REGISTER, 


_ Figure 12. Overrun in Echo Mode 


Framing Error 


Framing Error is caused by the absence of Stop Bit(s) on 
received data. A Framing Error is indicated by the setting of bit 
4 in the Status Register at the same time the Receiver Data 
Register Full bit is set, also in the Status Register. In response 


to IRQ, generated by RDRF, the Status Register. can also be 


checked for the Framing Error. Subsequent data words are 
tested for Framing Error separately, so the status bit will always 
reflect the last data word received. See Figure 13 for Framing 
Error timing rolationgnip; | | 


RxD . B Stop ' Stop B Stop Stop 
Sen TS T ишлар ИШ 


NOTES: 1. FRAMING ERROR DOES МОТ | 
INHIBIT RECEIVER OPERATION. 


2. IF NEXT DATA WORD IS OK, 
FRAMING ERROR IS CLEARED. 


MISSING 
e. PROCESSOR 
INTERRUPT, 
FRAMING 
ERROR - 


BIT SET 


Figure 13. Framing Error 
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Effect of DCD on Receiver 


DCD is a modem output indicating the status of the carrier-fre- 
quency-detection circuit of the modem. This line goes high for 
a loss of carrier. Normally, when this occurs, the modem will 
stop transmitting data some time later. The ACIA asserts IRQ 
whenever DCD changes state and indicates this condition via 
bit 5 in the Status Register. 


NORMAL | 
: PROCESSOR 
INTERRUPT PROCESSOR 
INTERRUPT 
FOR DCD 
GOING HIGH 


Asynchronous Communications Interface Adapter (ACIA) 


Once such a change of state occurs, subsequent transitions will 
not cause interrupts or changes in the Status Register until the 
first interrupt is serviced. When the Status Register is read by 
the processor, the ACIA automatically checks the level of the 
DCD line, and if it has changed, another IRQ occurs (see Figure 
14). 


CONTINUOUS "MARK" 


MODEM | 
DELAY 


AS LONG AS 
DCD IS HIGH, 
NO FURTHER 
INTERRUPTS 
FOR RECEIVER 
WILL OCCUR 


MODEM 
DELAY “| 


l ! 
La 


| 


NO INTERRUPT 
WILL OCCUR 
HERE, SINCE 
RECEIVER IS NOT 
ENABLED UNTIL 
FIRST START BIT 
DETECTED 


PROCESSOR 
INTERRUPT 
FOR 
RECEIVER 
DATA 


PROCESSOR 
INTERRUPT 
FOR DCD 

GOING LOW 


Figure 14. Effect of DCD on Receiver 


Timing with 172: Stop Bits 


It is possible to select 172 Stop Bits, but this occurs only for 
. b-bit data words with no parity bit. In this case, the IRQ asserted 
for Receiver Data Register Full occurs halfway through the 


СНАВ Еп 


Ғідиге 15. 


| 


PROCESSOR INTERRUPT 
OCCURS HALFWAY 
THROUGHT THE 1/2 
STOP BIT 
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trailing half-Stop Bit. Figure 15 shows the timing ralationship for 
this mode. 


CHAR # п+1 


Timing with 172 Stop Bits 


65051  -— A Asynchronous Communications Interface Adapter (ACIA) 


| Transmit Continuous “BREAK” 


This mode is selected via the ACIA Command Register and | Iz CT Note 
causes the Transmitter to send continuous "BREAK" charac- 
ters, beginning with the next character transmitted. At least one 
full “BREAK” character will be transmitted, even if the processor 
quickly re-programs the Command Register transmit mode. 
Later, when the Command Register is programmed back to 
normal transmit mode, an immediate Stop Bit will be generated 
and transmission will resume. Figure 16 shows the timing rela- 
tionship tor this mode. 


If, while operating in the Transmit Continuous "BREAK" 
mode, the CTS should go to a high, the TxD will be 
overridden by the CTS and will go to continuous “MARK” 
at the beginning of the next character transmitted after the 
CTS goes high. 


Stop Start СВ [I] TITEL: Bo BN P ELI z MELEE gg Stop | Start Е 


PERIOD DURING 
WHICH PROCESSOR 
--- SELECTS 

CONTINUOUS POINT AT WHICH P 

"BREAK" MODE PROCESSOR MEI iy ма 
NORMAL SELECTS TO LOAD 
INTERRUPT NORMAL TRANSMIT 

| TRANSMIT ' DATA 
MODE 


Figure 16. Transmit Continuous "BREAK" 


Receive Continuous “BREAK” 


_ In the event the modem transmits continuous "BREAK" char- shows the timing relationship for continuous "BREAK" 
acters, the ACIA will terminate receiving. Reception will resume characters. 
only after a Stop Bit is encountered by the ACIA. Figure 17 


CONTINUOUS "BREAK" 


TEER emus ЕМ ЕЛЕЕ ЕТ. 


li 
--. 


NO NO INTERRUPT | 
| MORE . SINCE RECEIVER Ө 
PROCESSO INTERRUPTS DISABLED UNTIL 
FOR BREAK AND FRAMING ERROR SET. INTERRUPT 
DATA REGISTER GIVE A PARITY ERROR BECAUSE 
FULL ' .. ALL ZEROS (CONTINUOUS BREAK) 
ex ^. REPRESENT EVEN PARITY. 


Figure 17. Receive Continuous “BREAK” 
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STATUS REGISTER OPERATION 


Because of the special functions of the various status bits, there 
is a suggested sequence for checking them. When an interrupt 
occurs, the ACIA should be interrogated, as follows: 


. Read Status — 


This operation automatically clears Bit 7 (IRQ). Subsequent 
transitions on DSR and DCD will cause another interrupt. 


. Check IRQ (Bit 7) in the data read from the Status Register 


№ 


If not set, the interrupt source is not the ACIA. 


со 


. Check DCD and DSR _ 


These must be compared to their previous levels, which must 
have been saved by the processor. If they are both 0 (modem 
"on-line") and they are unchanged then the remaining bits 
must be checked. 


A 


. Check ВОВЕ (Bit 3) 


Check for Receiver Data Register Full. 


сл 


Receiver Data Register is full. 


. Check TDRE (Bit 4) 


o 


Check for Transmitter Data Register Empty. 


. И none of the above conditions exist, then CTS must have 
gone to the false (high) state. 


N 


PROGRAM RESET OPERATION 


A program reset occurs when the processor performs a write 
operation to the АСТА with RSO low and RS1 high. The program 
reset operates somewhat different from the hardware reset 
(RES pin) and is described as follows: 


-ь 


. Internal registers аге not completely cleared. Check register 
formats for the effect of a program reset on internal registers. 


. The ОТА line goes high immediately. 


го 


о 


Receiver and transmitter interrupts are disabled immediately. 
Af IRQ is low when the reset occurs, it _it stays low until ser- 
viced, unless interrupt was caused by DCD or DSR transition. 


. DCD and DSR interrupts are disabled immediately. If IRQ is 
low and was caused by DCD or DSR, then it goes high, also 
DCD and DSR status bits subsequently will follow the input 
lines, although no interrupt will occur: 


+ 


сл 


. Overrun cleared, if set. 


. Check Parity, Overrun, and Framing Error (Bits 0-2) if the 


Asynchronous Communications Interface Adapter (ACIA) 


MISCELLANEOUS 
1. If Echo Mode is selected, RTS goes low. 


2: If Bit 0 of Command Register is 0 (disabled), then: 


a) А! All interrupts are disabled, including those caused by 
DCD and DSR transitions. 

b) Transmitter is disabled immediately. 

c) Receiver is disabled, but a character currently. being 
received will be completed first. 


3. Odd parity occurs when the sum of all the 1 bits in the data 
word (including the parity bit) is odd. 


. 4. In ће receive mode, the received parity bit does not go into 


the Receiver Data Register, but generates parity error or no 
parity error for the Status Register. 


5. Transmitter and Receiver may be in full operation simulta- | 
neously. This is "full-duplex" mode. 


6. If the RxD line inadvertently goes low and then high right 
after a Stop Bit, the ACIA does not interpret this as a Start 
Bit, but samples the line again halfway into the bit to deter- . 
mine if it is a true Start Bit or a false one. For false Start Bit 
detection, the ACIA does not begin to receive data, instead, 
only a true Start Bit initiates receiver operation. 


7. Precautions to consider with the crystal oscillator circuit: 


a) The external crystal should be a "series" mode crystal. 

b) The XTALI input may be used as an external clock input. 
The unused pin (EXTALO) must be floating and may not 
be used for any other function. 


8. DCD and DSR transitions, although causing immediate pro- 
cessor interrupts, have no affect on transmitter operation. 
Data will continue to be sent, unless the processor forces 
transmitter to turn off. Since these are high-impedance inputs, 
they must not be permitted to float (un-connected). If unused, 
they must be terminated either to GND or Мсс. 


GENERATION OF NON-STANDARD BAUD RATES 


Divisors 


The internal counter/divider circuit selects the appropriate divi- 
sor for the crystal frequency by means of bits 0-3 of the ACIA 


| Control Register, as shown in Table 2. 


_ Generating Other Baud Rates 


By using a different crystal, other baud rates may be generated. 


- These can be determined by: 
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Crystal Frequenc 
Baud Rate = НЕ 
Divisor 


Furthermore, it is possible to drive the ACIA with an off-chip 
oscillator to achieve other baud rates. In this case, XTALI (pin 
6) must be the clock input and XTALO (pin 7) must be a no- 
connect. 


865651 7.7  Asynchronous Communications Interface Adapter (ACIA) 


Table 2. Divisor Selection mE 
Control Divisor Selected Baud Rate Generated | Baud Rate Generated 


Register For The With 1.8432 MHz : With а Crystal 
Bits Internal Counter | Crtstal of Frequency (F) 


16 x External Clock 16 x External Clock 
No Divisor Selected - at Pin RxC at Pin ВХС 
1 1.8432 х 105 x 106 
36,864 
^ 86864 — 864 36,864 
1: 1.8432 x 10%. x 105 
24,576 
^ 34576 — 576 24,576 
1 1.8432 х 10 х 106 
16,769 = 109.92 
16, ^ 16769 16,769 
1.8432 x 106 | | 
13,704 — = 134.51 А 
13,704 13, 704 
1.8432 х 106 
12,288 — = 150 
12,288 12,288 
1.8432 х 1.8432 x 105 | 
6,144 = 300 
6, ^ 614 | 6,144 
1.8432 х 105 i | 
3,072 — = 600 | 
3,072 3, 072 
1.8432 x 10° .8432 x 106 
1,536 = 1,200 
1 ^ 1596 1,536 | 
1.8432 х 106 
1,024 ------------ 1,800 
1,024 1,024 
| 1.8432 x 108 ОБ 
1 0 1 0 768 2,400 течна 
| 768 
: | 1.8432 x 106 F 
1 0 1 1 512 = 3,600 —— 
i 512 
| 1.8432 x 106 
1 1 0 0 ---------- 4,800 
384 
= х 106 Е 
----------- 7,200 — 
| 256 
1. 1.8432 x 109: х 106 
1.1 1 0 192 9,600 
192 
1 1.8432 х 10%. x 106 
1 1 1 1 96 19,200 


A o o o o o o 
o — - ~ о о о 


ШІ 
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DIAGNOSTIC LOOP-BACK OPERATING MODES 


A simplified block diagram for a system incorporating an ACIA 
is shown in Figure 18.. | | 


| тау бе desirable to include in the system a facility for “Ібор- 
back" testing, of which there are two kinds: 


1. Local Loop-Back 


Loop-back from the point of view of the processor. In this 
case, the Modem and Data Link must be effectively discon- 
nected and the ACIA transmitter connected back to its own 
receiver, so that the processor can perform diagnostic checks 
on the system, excluding the actual data channel. 


N 


. Remote Loop-Back 


Loop-back from the point of view of the Data Link and 


Modem. In this case, the processor, itself, is disconnected 
and all received data is immediately retransmitted, so the 
system on the other end of the Data Link may operate inde- 
pendent of the local system. 


The ACIA does not contain automatic loop-back operating 
modes, but they may be implemented with the addition of a 
small amount of external circuitry. Figure 19 indicates the nec- 
essary logic to be used with the ACIA. The LLB line is the pos- 
itive-true signal to enable local loop-back operation. Essentially, 
LLB = high does the following: 


1. Disables outputs TxD, DTR, and RTS (to Modem). 
2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 
3. Connects transmitter outputs to respective receiver inputs 


(.е., TxD to RxD, БТА to DCD, ATS to CTS). 


LLB may be tied to a peripheral control pin (from an R65C21 
or R65C24, for example) to provide processor control of local 


2 
= 
o 
Jg 
я 
2 
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loop-back operation. In this way, the processor can easily per- 
form local loop-back diagnostic testing. 


Remote loop-back does not require this circuitry, so LLB must 


be set low. However, the processor must select the following: 


1. Control Register bit 4 must be 1, so that the transmitter clock 
equals the receiver clock. 


2. Command Register bit 4 must be 1 to select Echo Mode. | 


3. Command Register bits 3 and 2 must be 1 and O, respec- 
tively to disable IRQ interrupt to transmitter. 


4. Command Register bit 1 must be 0 to disable IRQ interrupt 
for receiver. 


In this way, the system re-transmits received data without any 
effect on the local system. 


MICRO- 
PROCESSOR 


RxD DCD CTS DSR 


NOTES: 1. HIGH ON LLB SELECTS LOCAL LOOP-BACK MODE. 
2. HIGH ON 74157 SELECT INPUT GATES “В” INPUTS 


TO “Ү” OUTPUTS; LOW GATES “А” TO "Y". 


Figure 19. Loop-Back Circuit Schematic 
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READ TIMING DIAGRAM _ 


Timing diagrams for transmit with external clock, receive with 

ы | M | XTLI 
external clock, and IRQ generation are shown in Figures 20, 21 (TRANSMIT 
and 22, respectively. The corresponding timing characteristics | CLOCK INPUT) 
are listed in Table 3. 


Table 3. Transmit/Receive Characteristics 


Transmit/Receive | tccv 

Clock Rate 

Transmit/Receive ton 17. 
Clock High Time | 
Transmit/Receive | 

Clock Low Time | 


NOTE: TxD RATE IS 1/16 TxC RATE 


Figure 20. Transmit Timing with External Clock 


NOTE: RxD RATE IS 1/16 RxC RATE 


Figure 21. Receive External Clock Timing 
(tr, te = 10 to 30 ns) | 


| The baud rate with external clocking is: Baud Rate = 


DTR, RTS 


IRG 
(CLEAR) 


Figure 22. Interrupt and Output Timing 
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Address Set-Up Time 


^ [Adress Hold Time | ИШЕ ШЕЕ ЕНСЕ 
©. | PW Set-Up Time мео Сы 


Data Bus Set-Up Time | — tow | ® | 
Notes: | | | | | 
1. Усс = 5.0V +5%. | | 
2. ТА = Т, to Тн. жылығы 
3. ің and te = 10 to 30 ns. 


VIH 


Үш 
tACW {САН 


VIL 


CS, CS4, взу, RS, ə АЛЕ ЭШ а 4 WU УІН 


үсү 


DATA BUS 


Figure 24. Read Timing Characteristics 
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_ ABSOLUTE MAXIMUM RATINGS* 222 *NOTE: Stresses above those listed may cause permanent 


damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
Supply Voltage 


those indicated in other sections of this document is not implied. 
Input Voltage 


Exposure to absolute maximum rating conditions for extended 
Output Voltage 


periods may affect device reliability. 
Operating Temperature 


Commercial 
Industrial 


| Storage Temperature 55 to +150 


Temperature Range 
Commercial Ре, 09 to 70°С 
Industrial – 4090 to +85С.. 


DC CHARACTERISTICS 
_ (Усс = 5.0V +5%, Vss = 0, TA = T, to Ty, unless otherwise noted) 
Parameter Test Conditions 


Input High Voltage | | NENNEN 


Input Low Voltage 


Input Leakage Current (Three State Off) pA Vin = 0.4V to 2.4V 
00-07 | Мас = 5.25V 


Output High Voltage: VoH V Voc = 4.75У 
00-07, TxD, RxC, RTS, ОТВ Цодо = — 100 дА 

Output Low Voltage: VoL V Мес = 4.75У 
00-07, TxD, RxC, RTS, DTR, IRQ | | ОАО = 1.6 ПА 

Output High Current (Sourcing): | pA Мон = 2.4V 
00-07, TxD, RxC, RTS, DTR | 

| Output Low Current (Sinking): ____ 

00-07, TxD, RxC, RTS, DTR, IRQ lot 1.6 VoL = 0.4V 


Пе ves —— 
ПО ОС ||| отме - _ 


Input Capacitance 
All except 02 Ссік | рЕ 
02 См рЕ 


FE оня ~» [= | Гети | 


Notes: 

1. АН units are direct current (dc) except for capacitance. 

2. Negative sign indicates outward current flow, positive indicates inward flow. 
3. Typical values are shown for Усс = 5.0V and ТА = 25°С. 
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PACKAGE DIMENSIONS 


. 28-PIN CERAMIC DIP | 28-PIN PLASTIC ПІР 


(.590) 
(.570) 


(.115) 
(1.420) perc (.080) 


(1.380) 


| | ‚700 s 
RE И М № say ч 


(:015) - (09) (425) (020) 
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DUAL ASYNCHRONOUS COMMUNICATIONS 
_ INTERFACE ADAPTER (DACIA) 


. PRELIMINARY 


DESCRIPTION 


The Rockwell CMOS R65C52 Dual ГУЕ ИРЕР: Соттипіса- 
tions Interface Adapter (DACIA) provides an easily implemented, 
program controlled interface between 8-bit microprocessor-based 
Systems and serial communication data sets and modems. 


The DACIA has an internal baud rate generator. This feature elim- 
inates the need for multiple component support circuits, a crystal 
being the only other part required. The Transmitter baud rate can 
be selected under program control to be either 1 of 15 different 
rates from 50 to 38,400 baud, or at 1/16 times an external clock 
rate. The Receiver baud rate may be selected under program con- 
trol to be either the Transmitter rate, or at 1/16 times the external 
clock rate. The DACIA is programmable for word lengths of 5, 6, 
70r8 pits; even, odd, ог no parity; and 1 or 2 stop bits. 


The DACIA is designed for maximum programmed control from 


the microprocessor (MPU) to simplify hardware implementation. | 
Dual sets of registers allow independent contro! and monitoring. 


of each channel. The DACIA also provides a unique, program- 
 mable Automatic Address Recognition Mode for use in a multi- 
drop environment. | 


The Control Register and Status Register permit the MPU to. 


easily select the R65C52's operating modas and determine 
‘operational status.. 


The interrupt Enable Registers (IER) and Interrupt Status 
Registers (ISR) allow the MPU to control and monitor the interrupt 
capabilities of the DACIA. с. 


The Control and Format Register (CFR) permits selection of baud 
rates, word lengths, parity and stop bits as well as control of DTR 
апа RTS output ашы. 


The Status Register (SR) gives the MPU access to the state of 
. the modem control lines, татав еггог, transmitter underrun and 
break conditions. 


The Compare Data Registers (CDR) hold the data value to be used | 
· in the compare mode and the Transmit Break Register (TBR) 


commands a Transmit Break and provides for parity/address 
recognition, for Automatic Address Mode. 


The Transmitter Data Register and Receiver Data Register are 
used for temporary data storage of input and output data. 


FEATURES 


• Low power CMOS N-well silicon gate technology 


е Two independent full duplex channels with buffered receivers 
апа transmitters. 


• Раја set/modem control functions 


• |nternal baud rate generator with 15 programmable baud 
rates (50 to 38,400) 


е Program-selectable internally or externally controlled receiver 
rate — 


• Programmable word lengths, number of stop bits, and TT 
bit generation. and detection 


е Programmable interrupt control 


• Programmable control of edge detect for DCD, DSR, DTR, 
. RTS, and CTS i 


• Program-selectable serial echo mode for each channel 


* Automatic Address Recognition Mode for multi-drop operation. 


е Up to.4 MHz host bus operation 
• 5.0 Vdc +5% supply requirements | 


.* 40-pin plastic or ceramic DIP 


* Full TTL or CMOS input/output compatibility 


. Compatible with R6500 and R65CO00 microprocessors and 
R6500/* microcomputers. 


ORDERING INFORMATION 


Part Number: 
R65C52 


Temperature Range (T, to Тн):. | 
Blank = 0°C to +70°C 
__Е= -40°C to + 85?C 


Frequency Range: 
2 = 2 MHz 
4=4 MHz 


Package 
C = Ceramic 
P = Plastic 


Document No. 29651N68 
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Product Description Order No. 2165 
Rev. 1 February 1984 


В65С52 


*Note: Must be tied to Ұсс. 


Figure: 1. R65C52 Em | Configuration 
INTERFACE SIGNALS | и 


Figure 2 shows the DACIA interface signals associated with the 
microprocessor and the modem. 
DATA BUS (D0-D7) | 


Тһе 00-07 ріп аге eight data lines that transfer data between 
the microprocessor (MPU) and the DACIA. These lines are bidirec- 


tional and are normally high-impedance except during READ cycle. 


when the DACIA is selected. 


ACIA1 
INTERRUPT 
LOGIC 


ПО CONTROL 
AND 
REGISTER 
SELECT 


R6500, 
Н65С00, 
or 
R6500/* 


BUFFERS 


INTERRUPT 
LOGIC 


Figure 2. 
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REGISTER SELECTS (850, RS1, RS2) 
The three register select lines are normally connected to the proc- 
essor address lines to allow the MPU tó select the various inter- 


nal registers. Table 1 shows the internal register select coding and 


identifies the abbreviations (лаври used throughout the {өх for 
each register. 


READ/WRITE (R/W) 

The R/W input, generated by the microprocessor, controls the 
direction of data transfer. A high on the R/W line indicates a read 
cycle, while a low indicates a write cycle. 


CHIP SELECT (CS) 

The chip select input is normally connected to the processor 
address lines either directly · or through decoders. The DACIA 
latches address and R/W inputs on the falling edge of CS and 
latches the data bus inputs on the rising edge of CS. 


RESET (RES) 

During system initialization a low level on the RES input causes a 
RESET to occur. At this time the IER's are set to $80, the DTR and 
RTS lines go to the high state, the ВОВ. register is cleared, 


· the TBR is set to $0F, the compare mode is disabled, and the CTS, 


DCD, DSR flags are cleared. No other bits are affected. 


| TRANSMIT DATA (TXD1, TXD2) 


The TxD outputs transfer serial non-return to zero (N RZ) data to 
the data communications equipment (DCE). The data is trans- 


ferred, LSB first, at a rate determined by the baud rate generator. _ 
. RECEIVE DATA (RXD1, RXD2) 


The RxD inputs transfer serial NRZ data into the DACIA from the 
DCE, LSB first. The receiver baud rate is determined by the baud 
rate generator. 


қ | CTS1 
ACIA1 DCD1 
REGISTERS DSR1 
AND RxD1 ACIA 
. CONTROL TxD1 CHANNEL 1 
LOGIC DTR1 
RTS1 
АСПАН BAUD 
RATE SELECT 
RxC 
XTALI 
CLKOUT 
 ХТАГО 
TxC 
| ACIA2 BAUD 
RATE SELECT 
RTS2 
DTR2 
B. die АСА 
СНАММЕІ. 2 
CONTROL DSR2 
LOGIC DCD2 
CTS2 


DACIA Interface Signals 
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CLEAR TO SEND (CTS1, CTS2) 


The CTS control line inputs allow handshaking by the transmitter. 
When CTS is low, the data is transmitted continuously. When CTS 
is high, the Transmit Data Register empty bit in the ISR is not set. 

The word presently in the Transmit Shift Register is sent normally. 

Any active transition on the CTS lines sets the CTS bit in the 
appropriate ISR. The CTS status bit in the CSR reflects the сиг- 
rent high or low state of CTS. 


DATA CARRIER DETECT (DCDi, DCD2) 


These two lines may be used as general purpose ir inputs. An active ғы 


transition sets the DCD bit in the e ISR. The DCD bit in the CSR 


reflects the current state of the DCD line. 


DATA SET READY (DSR1 ‚ DSR2) 


These two lines may be used as general purpose inputs. An active 


transition sets the DSR bit in the ISR. The DSR bit in the СЅА 


reflects the current state of the DSR line. 


Table 1.: 


E WE NN E 
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_ REQUEST TO SEND (RTS1, RTS2) 


These two lines may be used as general purpose outputs. They 
are set high upon reset. Their state may be programmed by set- 
ting | the appropriate bits in the CFR high or low. The state of the 

RTS line is reflected by the RTS bit in the CSR. | 


DATA TERMINAL READY (DTR1, DTR2) 


These two lines may be used as general purpose outputs. They 
are set high upon reset. Their state may be programmed by set- 
ting the appropriate bits in the CFR high or low. The state of the 


DTR line is reflected by the DTR bit in the CSR. 


INTERRUPT REQUEST (1801, 1102) 


The IRQ lines are open-drain outputs from the interrupt control 
logic. IRQ1 is associated with ACIA1 and ІНО2 is associated with 


ACIA2. These lines are normally high but go low when one of the 


flags in the ISR is set, provided that its corresponding enable bit 


is set in the IER. 


DACIA Register Selection | 


REGISTER SELECT |CONTROL AND FORMAT 
LINES REGISTER BITS 


арена RACER 


IN Илен STATUS 
REGISTER 1 
STATUS | 
REGISTER 1 
INVALID 
INVALID 
RECEIVE DATA 
REGISTER 1 
INTERRUPT STATUS 
REGISTER 2 
STATUS 
REGISTER 2 
INVALID 
INVALID 


_ WRITE 


INTERRUPT ENABLE 
REGISTER 1 


CONTROL 
REGISTER 1 


FORMAT 
REGISTER 1 


COMPARE DATA 
REGISTER 1 


TRANSMIT BREAK 
REGISTER 1 


TRANSMIT DATA 
REGISTER 1 


INTERRUPT ENABLE 
REGISTER 2 


CONTROL 
REGISTER 2 


FORMAT 
REGISTER 2 


COMPARE DATA 
REGISTER 2. 


TRANSMIT BREAK 


IER1 . 
‚ 5А1 


CFR1. 
SR1 


DFR1 


CDR1 


TDR1 


RDR1 


‚ CFR2 


CFR2 


УП: 


TBR2 


«ни 


REGISTER 2. 
това TRANSMIT DATA RECEIVE DATA 
RDR2 . REGISTER 2 | REGISTER 2 | 
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FUNCTIONAL DESCRIPTION 


Figure 3 is a block diagram of the DACIA which consists of two 

asynchronous communications interface adapters with common 
microprocessor interface control logic and data bus buffers. The 
individual functional elements of the DACIA are described in the 
following paragraphs. 


=? 
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== T 
demum STATUS 


Dual Asynchronous Communications Interface Adapter (DACIA) 


INTERRUPT LOGIC 


The interrupt logic causes the IRQ lines (IRQ1 or IRQ2) to go low | 
when conditions are met that require the attention of the MPU. 

There are two registers (the Interrupt Enable Register and the 

Interrupt Status Register) involved in the control of interrupts in 

the DACIA. Corresponding bits in both registers must be set to 

cause an IRQ. " | 


TRANSMIT 


TRANSMIT 
Я SHIFT 
REGISTER 


DATA TxD1 
REGISTER 
INTERRUPT 
ENA 


В o 
5 > НЕСІ5ТЕН 
IRQ к 
гват LOGIC < > 
a CONTROL/ БРЕ 
2 [У FORMAT DIR 
= REGISTER RTS1 
ш 
Б ТНАМ5МІТ 
| = BREAK 
ACIA CHANNEL 1 5 — BEGISIER 
< 
| | | __ ВЕСЕМЕ .. 
‚ COMPARE CONTROL RxD1 
: REGISTER cone 
00—07] DATA | 
DATA) BUFFERS Ф I 
| RECEIVE RECEIVE 
я я ОАТА С] _ SHIFT 
REGISTER REGISTER 
жеста ACIA CHANNEL ! 
RATE | TxC 
GENERATOR SAL 
CLKOUT 
XTALO 
| RxC · 
АСТА CHANNEL 2 
RECEIVE RECEIVE 
<] БА К | _ SHIFT 
МЕ REGISTER 
COMPARE RECEIVE 
LE AE Jus 
С ACIA CHANNEL 2 Ф TRANSMIT 
8 E /| BREAK 
< REGISTER 
< 
о ---------- 
CONTROL/ RTS2 
2|__М FORMAT uc 
1102 
LOGIC ш 
= 
= STATUS 
9 demens REGISTER а! 
5 
| S | - 
INTERRUPT CTS2 
REGISTER |e 4 БЕБЕ 
INTERRUPT 
[У ENABLE 
LEGEND REGISTER 
— = COMMON LOGIC 
TRANSMIT TRANSMIT ВЕ 
= CONTROL LINES ГМ DATA | SHIFT x 
= REGISTER REGISTER 


d +—— += 
> = 8-BIT САТЕ LINES 
MULTI-BIT CONTROL LINES 


Figure 3. 
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DATA BUS BUFFER 


The Data Bus Buffer is a bidirectional interface between the 
system data lines and the internal data bus. When R/W is high and 
CS is low, the Data Bus Buffer passes data from the internal data 


bus to the system data lines. When R/W is low and CS is low, data 


is brought into the DACIA from the system data bus. Table 2 sum- 
marizes the Data Bus Buffer states. 


 Table2. Data Bus Buffer Summary 


Control Signals 
R/W CS 


TRANSMIT AND RECEIVE DATA REGISTERS 


These registers are used as temporary data storage forthe DACIA 
Transmit and Receive circuits. The Transmit Data Register is 
characterized as follows: | 


e Bit 0 is the leading bit to be transmitted. 


е Unused data bits are the high-order bits and are “доп! саге” 
for transmission. 


* Write-only register. 


The Receive Data Register is characterized in a similar fashion 
as follows: 


e Bit 0 is the leading bit received. 

е Unused data bits are the high order bits and are “0” for the 
receiver. | 

• Рату bits are not contained in the Receive Data Register, 
but are stripped off after being used for external parity check- 
ing. Parity and all unused high-order bits are “0”. 

е Read-only register © ^ 


| 7 қ 
Figure 4 shows ап example of a Рату Mode single transmitted 
or received data word. In this example, the data word is format- 
ted with 8 data bits, parity, and two stop bits. Figure 4 also shows 
a single character transmitted or received in Address/Data Mode. 
In this example, the. address or. data word is 8 bits, there is no 


PARITY MODE 


PARITY STOP 
BIT BITS 


ADDRESS/DATA MODE 


Figure 4. Typical Character 
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parity bit, and there are two stop bits. The 10th bit (normal parity 
bit) is an address/data indicator. A 1 means the 8 bits are an 
address and a 0 means the 8 bits are data. | А 


CLOCK CIRCUIT 


The internal clock oscillator supplies the time base for the baud 
rate generator. The oscillator can be driven by a crystal or an 
external clock, or it can be disabled, in which case the time base 
for the baud rate is generated by the Receiver External Clock 
(RxC) and Transmitter External Clock (TxC) input pins. Figure 5 
shows the three possible clock configurations. 


Crystal (XTALI, XTALO) 


These pins are normally connected to an external 3.6864 MHz 
crystal used as the time base for the baud rate generator. As an 
alternative, the XTLI pin may be driven with an externally 


generated clock in which case the XTALO pin must float. 


Receiver Clock (RxC) 


This pin is the Receiver 16x clock input when the baud rate gen- 
erator is programmed for external clock. Figure 15 shows timing 
considerations for RxC. 


Transmitter Clock (TxC) 


This pin is the transmitter 16x clock input when the baud rate 
generator is programmed for external clock. Figure 16 shows tim- 
ing considerations for TxC. 


Note. 


When RxC and TxC are used for external clock input, 
XTALI must be tied to ground (Vss) and XTALO must. 
be left open (floating). 


Clock Out (CLK OUT) 


This output is a buffered output from the 3.6864 MHz crystal 
oscillator. It may be used to drive the XTALI input of another 
DACIA. This allows multiple DACIA chips to be used in a system 
with only one crystal needed. CLK OUT is in phase with XTALI. 


EXTERNAL с 
CLOCK 


CRYSTAL[ | 


OPEN 
CIRCUIT “ 


15-20 pF T 


INTERNAL EXTERNAL 
CLOCK CLOCK 


RECEIVER о 
EXTERNAL = 
CLOCK 


TRANSMITTER с 

EXTERNAL 

CLOCK 
OPEN EXTERNAL 
CIRCUIT CLOCK 


Figure 5. DACIA Clock Generation 
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CONTROL AND FORMAT REGISTER (CFR). 


The Control and Format Register (CFR) is a dual-function, write- 
only register which allows control of word length, baud rate, con- 
trol line outputs, parity, echo mode, and compare/TBR access. 
When the CFR is written to with bit 7 = 0, the CFR functions as 
a Control Register. When the CFR is written to with bit7 = 1, the 
CFR Е as а Formal Register. | 


Control И TI Addressed with Bit 7 = : 0) 
TBR/CDR os ECHO 
BITS 


BAUD RATE SELECTION 


Bit7 Control or Format Register 
0 Control Register 
Bit 6 TBR/CDR g 
I. Access the Transmit Break Register (TBR) 
0 Access the Compare Data Register (СОН) 
Bit 5 Number of Stop Bits 
1 ' Two stop bits .: 
0. One stop bit 
Bit 4 Echo Selection (ECHO) 
1 Echo activated 
0 Echo deactivated 
Bits 3-0 Baud Rate Selection 


Baud Rate 


38400 . 
External TxC and RxC Clocks 


ња ~ -~_оооо–— ал ~=—ооооћ 
= оо-з-оо--оо-- ооз 
э о-о-о- о-о-о-о-оо 
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Format Register (CFR Addressed with Bit 7 = 1) 


ЖЕЛЕ ЖЕСЕ ЕК sjaj М 


NUMBER қаң нед 
HE OF pats | PARITY | PARITY] ОТВ ATS 


BITS SELECTION | ENABLE | CONTROL | CONTROL 
Bit 7 Control or Format Register 
1 Format Register 
Bits 6-5 Number of Data Bits Per Channel 
6 5 No. Виз | 
0 0 5 
О 1 6 
10 7 
11 8 
Bits 4-3 Parity Mode Selection 
4 3 Selects 
0 0 . Odd Parity . 
0 1 Even Parity 
10 Mark Parity 
1 1 Space Parity 
Bit 2 Parity Enable 
1 Parity as specified by bits 4-3 
0 No Parity 
Bit 1 DTR Control 
1 DTR high 
0 ОТА low 
Bit 0 RTS Control 
1 RTS high 
0 RTS low 


INTERRUPT ENABLE REGISTER (IER) 


The Interrupt Enable Register (IER) is a write-only register that 
allows each of the possible IRQ sources to be enabled, or dis- 
abled, individually without affecting any of the other interrupt 
enable bits in the register. IRQ sources are enabled by writing 
to the IER with bit 7 set to a 1 and every bit set to a 1 that cor- 
responds to the IRQ source to be enabled. IRQ sources are 
disabled by writing to the IER with bit 7 set to a O and every bit 
settoa 1 that corresponds to the IRQ source to be disabled. Any 
bit (except bit 7) to which a 0 is written is unaffected and remains 
in its original state. As an example, writing $7F to the IER will 
disable all IRQ source bits, but writing ФЕР to the IER will enable 
all IRQ source bits. A hardware reset (RES) clears all IRQ 
source bits to the 0 state. Bit assignments for the IER are as 
follows: 


CLEAR/ | TOR | сте | pes PARITY ae RDR 
SET | EMPTY ERROR FULL 
552” Е | Е BAK 
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INTERRUPT STATUS REGISTER (ISR) 


The Interrupt Status Register (ISR) is a read-only register that 
identifies the current status condition for each DACIA internal IRQ 
source. Bits 6 through 0 of the ISR are set to a 1 whenever the 
corresponding IRQ source condition has occurred in the DACIA. 
Bit 7 identifies if any of the IRQ source status bits have been set 
in the ISR. | 


TDR | CTS DCD _Б5А PARITY 
EMPTY | TRANS | TRANS | TRANS | ERROR 


RDR 
FULL 


Bit 7 Any Bit Set 
1: Any bit (6 through 0) has been set to a 1 
0 No bits have been set to a 1 
Bit 6 Transmit Data Register Empty (TDR EMPTY) 
1 Transmit Data Register has been transferred to 
the shift register 
0 New data has been written to the Transmit Data 
Register 
Bit 5 Transition On CTS Line (CTS TRANS) 
1 A positive or negative transition has occurred on 
CTS 
0 No transition has occurred on CTS, or ISR has 
been Read 
Bit 4 Transition On DCD Line (DCD TRANS) 
1 A positive or negative transition has occurred on 
| -DCD 
0 No transition has occurred оп DCD, or ISR has 
been Read 
Bit 3 Transition On DSR Line (DSR TRANS) 
1 A positive or negative transition has occurred on 
DSR 
0 No transition has occurred on DSR, or ISR has . 
been Read 
Bit 2 Parity Error 
1 A parity error has occurred in received data 
0 No parity error has occurred, or the Receive 
Data Register (RDR) has been Read 
Bit 1 Frame Error, Overrun or Break (FRM OVR 
BRK) 
1 A framing error, receive overrun, or receive 
. break has occurred 
0 Мо error, overrun, break has occurred ог RDR 
has been Read 
Bit 0 ` Receive Data Register Full (RDR FULL) 
1 Shift register data has been transferred to 
. Receive Data Register 
0 Receive Data Register has been Read 
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CONTROL STATUS REGISTER (CSR) / 


The Control Status Register (CSR) is a read-only register that pro- 
vides I/O status and error condition information. The CSR is nor- 
mally read after an IRQ has occurred to determine the exact 
cause of the interrupt condition. 


те 5 | 4 | 3 2 | 1! | о 
FRAMING|TRANS| CTS | DCD | DSR | ВЕС | ОТА | ATS 
ERROR | UNDR |5ТАТУ5 STATUS | STATUS |ВВЕАК | STATUS | STATUS 


Bit 7 Framing Error 

1 A framing error occurred in receive data 

0 No framing error occurred, or the RDR was 

Read 

Bit 6 Transmitter Underrun (TRANS UNDR) 

1 Transmit shift register is empty and TDRE bits 

in IER and ISR are set 

0 A write to the TDR has occurred 
Bit 5 CTS Status 

1 A low-to-high transition occurred on CTS line 

0 A high-to-low transition occurred on CTS line 
Bit 4 DCD Status | 

1 A low-to-high transition occurred on DCD line 

0 A high-to-low transition occurred on DCD line 
Bit 3 DSR Status 

1 A low-to-high transition occurred on DSR line 

0 . A high-to-low transition occurred on DSR line 
Bit2  . REC Break 

1 A Receive Break has occurred 

0 No Receive Break occurred, or RDR, was read 
Bit 1 - ОТВ Status 

1 | A low-to-high transition occurred оп БТА те 

0 А есеја transition occurred on ОТА line 
Bit 0 RTS Status 

1 A low-to-high transition occurred on RTS line 

0 _ Ahigh-to-low transition occurred on RTS line 
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TRANSMIT BREAK REGIST ER (TBR) 


The DACIA has two Transmit Break Registers which are write- 
only registers. Only two bits of these registers are used; one dur- 
ing the Receive mode to command a Transmit Break and the 
otherto provide for Parity/Address recognition. Writing a 1 to bit 1 
of the TBR causes a continuous Break to be transmitted by the 
ACIA associated with the register. Writing a O to this bit allows 
normal transmission to resume. Writing a 1 to bit O of the TBR 
commands the value of the Parity bit to be sent to the Parity Error 
bit (bit 2 of the ISR). Writing a 0 to this bit allows normal Parity 


Error recognition to Бе in force. When an RES is received by the. 


DACIA, both of these bits are reset to 0. The bits format for the 
TBR are as follows: 


E TRANS PAR/ : 


Bits 7-2 Not used (don't care) 
Bit 1 ‘Transmit Break (TRANS BRK) 
1 Transmit continuous. Break until disabled 
Dos: Невите normal transmission 
Bito — Parity/Address Recognition (PAR ADDR) 
1 Send value of parity to ISR bit 2 : 
ол 0 Return to normal panty Error recognition mode 
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COMPARE DATA REGISTER 


The Compare Data Register (CDR)isa write-only register which 
can be accessed when CFR bit 6 = 0. By writing a value into the 
CDR, the DACIA is put in the compare mode. In this mode, set- 
ting of the RDRF bit is inhibited until а character i is received which 
matches the value in the CDR. The next character is then received 
and the RDRF bit is set. The receiver will now operate normally 
until the CDR is again loaded. 


SUMMARY OF REGISTERS 


Table 3 shows the control and status registers associated with 
the DACIA in a single summary table. Each of the ACIA's has its 
own set of these seven registers. 


OPERATION 


The following paragraphs describe ten modes (or conditions) of 
operation of the DACIA. The modes described are: 


e Continuous Data Transmit 


• Continuous Data Receive 

е Transmit Underrun Condition- 
е Effects of CTS on Transmitter | 
• Effects of Overrun on Receiver 
е Echo Mode Timing ^ 

• Framing Error 

e Transmit Break Character 

• Receive Break Character 

• Automatic Address Recognition 


Table 3. Control and Status Registers Format Summary 


REGISTER BIT NUMBERS 


CLEARISET 
BITS | 


ТВН/ 
СОН 


NUMBER OF PARITY 
DATA BITS SELECTION 


NOT USED 


COMPARE BITS (ADDRESS RECOGNITION) 


PARITY 
алы 


РАНІТҮ 
ЕННОН 
FRAMING TRANS CTS DCD DSR REC 
ERROR UNDR STATUS STATUS STATUS BREAK STATUS 


BAUD RATE SELECTION . 


| PARITY . DTR |J RIS 
ENABLE | CONTROL. | CONTROL 


_| REGISTER - 


INTERRUPT 
| ENABLE 
REGISTERS 


INTERRUPT 
STATUS 
REGISTERS 


STATUS 
REGISTERS . 


RTS 
STATUS 


| CONTROL 
REGISTERS 
AND 
FORMAT 
REGISTERS 


TRANSMIT 
BREAK 
REGISTERS 


COMPARE 
DATA 
REGISTERS 
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CONTINUOUS DATA TRANSMIT | When ће MPU writes а word to the TDR the ТОНЕ bit is cleared. 
In the normal operating mode, the TDRE bit in the ISR signals In order to maintain continuous transmission the TDR must be 


the MPU that the DACIA is ready to accept the next data word. loaded before the stop bit(s) are ended. Figure 6 shows the rela- 
An IRQ occurs if the corresponding TDRE IRQ enable bit is set tionship between IRQ and TxD for the Continuous Data Transmit 
in the IER. The TDRE bit is set at the beginning of the start bit. mode. 


CHAR#n CHAR £n + 1 CHAR #п + 2 CHAR #п + 3 


ӘЙСТЕСПІП ТЕГЕ пет ыт 
НИСЕК [ајә] 


=> = + ТІЛЕК STOP, START STOP, START STOP; 


\ PROCESSOR MUST 
| LOAD NEW DATA 
PROCESSOR PROCESSOR IN THIS TIME 
INTERRUPT READS INTERVAL OTHERWISE, 
(TRANSMIT DATA ISR, CAUSES CONTINUOUS “МАНК” 
REGISTER EMPTY) IRQ ТО CLEAR IS TRANSMITTED 


Figure 6. Continuous Data Transmit 


CONTINUOUS DATA RECEIVE 


Similar to the continuous data transmit mode, the normal receive stop bit. The processor must read the RDR before the next stop 
mode sets the RDRF bit in the ISR when the DACIA has received bit, or an overrun error occurs. Figure 7 shows the relationship 
a full data word. This occurs at about the 9/16 point through the between IRQ and RxD for the continuous Data Receive mode. 


CHAR £n CHAR £n + 1 CHAR #п + 2 CHAR #n + 3 
START ша START er START 57 ЕТЕ START өтөр, 


IRQ 


IRQ PROCESSOR 


INTERRUPT OCCURS 

ABOUT 9/16 INTO 

LAST STOP BIT PROCESSOR MUST READ 
PARITY OVERRUN, PROCESSOR READS RECEIVER DATA IN THIS 
AND FRAMING ERROR ISR, CAUSES TIME INTERVAL, OTHERWISE 
UPDATED ALSO ІНО TO CLEAR OVERRUN OCCURS 


Figure 7. Continuous Data Receive 


2-277 


R65C52 | Dual Asynchronous Communications Interface Adapter (DACIA) 


TRANSMIT UNDERRHUN CONDITION flag is set. This condition persists until the TDR is loaded with a 
If the MPU is unable to load the TDR before the last stop bit is | new word. Figure 8 shows the relation between IRQ апа TxD for 
sent, the TxD line goes to the MARK condition and the underrun the Transmit Underrun Condition. 


CHAR £n CONTINUOUS “МАВК” CHAR £n + 1 ' CHAR Е + 2 


дписойсог | ЕТШ сиса 


1d, | START n. | START оя | ЗТАНТ 


N 
WHEN PROCESSOR FINALLY LOADS 
PROCESSOR | NEW DATA, TRANSMISSION STARTS 
INTERRUPT PROCESSOR READS IMMEDIATELY AND INTERRUPT 
FOR DATA UNDERRUN BIT ISR, CLEARS IRQ | OCCURS, INDICATING TRANSMIT 
EMPTY SET DATA REGISTER EMPTY 


Figure 8. Transmit Underrun Condition Relationship 


EFFECTS OF CTS ON TRANSMITTER 


The CTS control line controls the transmission of data or the hand- in the shift register continues to be sent but any word in the TDR 
shaking of data to а “Бизу” device (such as a printer). When the is held until CTS goes low. At the high-to-low transition the CTS bit 
CTS line is low, the transmitter operates normally. Any transition in the ISR is again set. Figure 9 shows the relationship of IRQ, 
on this line sets the CTS bit in the ISR. A high condition inhibits TxD, and CTS for the effects of CTS on the transmitter. 


the TDRE bit in the ISR from becoming set. The word currently 


NEXT CHARACTER 15 SENT IMMEDIATELY 
UPON CTS GOING LOW IF PROCESSOR 
CHAR #п CHAR #п + 1 HAS ALREADY LOADED NEW DATA, 
TxD DECAN | as I CONTINUOUS MARK OTHERWISE IT WAITS FOR NEW DATA. 


Т ВИНА 


side START sTOP| CHARACTER START 
IS NOT SENT Wie 
TDRE IS NOT SET MPU © N PROCESSOR 


FINALLY LOADS 
CLEARS NEW DATA, 

a IRQ AGAIN TRANSMISSION STARTS 

а | , IMMEDIATELY AND 


INTERRUPT OCCURS, 
ста INDICATING TRANSMIT 
та у РАТА REGISTER EMPTY 


CTS CLEAR-TO-SEND 


IRQ ва 


Figure 9. Effects of CTS оп Transmitter 
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EFFECTS OF OVERRUN ON RECEIVER 


If the processor does not read the RDR before the stop bit of the ing data is lost. The receiver will return to normal operation when 
next word, an overrun error occurs, the overrun bit is set in the the RDR is read. Figure 10 shows the relation of IRQ and RxD for 
ISR, and the new data word is not transferred to the RDR. The the effects of overrun on the receiver. 


RDR contains the last word not read by the MPU and all follow- 


PE с MN #п CHAR #п + 1 CHAR in + 2 CHAR £n pear 3 
= TURELE STOP | START iiid START | S START 
PROCESSOR ~~ | X CHAR #n + 2 
INTERRUPT MPU DOES MPU READS IRQ. 
FOR RECEIVER NOT READ ISR CHAR #п + 1 
DATA REGISTER RDR. OVERRUN CLEARS IRQ IS LOST 
FULL BIT SET 


Figure 10. Effects of Overrun on Receiver 


ECHO MODE TIMING 


In the Echo Mode, the TxD line re-transmits the data received on underflow flag would be set and continuous Mark transmitted. If 
the RxD line, delayed by 1/2 of a bit time. An internal underrun Есћо 15 initiated, the underflow flag will not be set at end of data 
mode must occur before Echo Mode will start transmitting. In nor- and continuous Mark will not be transmitted. Figure 11 shows the 
mal transmit mode if TDRE occurs (indicating end of data) an relationship of ВхО and TxD for Echo Mode. 


END OF 
STOP START STOP START STOP DATA 


o PUER (Т: EEA 
Е WAN VA VAS AN | pem nem 


PR START sic START 


IF ECHO MODE, 

NO UNDERFLOW, 
THEREFORE NO 
CONTINUOUS MARK 


Figure 11. Echo Mode Timing 
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FRAMING ERROR 


Framing error is caused by the absence of stop bit(s) on received reflects the last data word received. Figure 12 shows the relation- 
data. The framing error bit is set when the ВОЋЕ bit is set. Subse- ship of IRQ and RxD when a framing error occurs. 
quent data words are tested separately, so the status bit always 


MET STOP START STOP zd START 


Sew сз са КАСУ СУ СУ СУ ССС СМА С 


dd STOP START STOP [ер START 


wu Tale ‘PEPER EEE] ASI 


IRQ 


NOTES: 1. FRAMING ERROR DOES NOT - | MISSING 
INHIBIT RECEIVER OPERATION. STOP PROCESSOR 
| Ж | | ! BIT | INTERRUPT, 
2. IF NEXT DATA WORD IS OK, | | FRAMING 
FRAMING ERROR IS CLEARED. | | | ERROR 
| | | BIT SET 


Figure 12. Framing Error 


TRANSMIT BREAK CHARACTER 


A Break may be transmitted by storing a value of $00 in the IER. transmission may resume. At least one full word time of Break 
After storing zero in the IER the Break is transmitted immediately. will be sent regardless of the length of time between starting and 
Care should be exercised so that а character in transmission is stopping the Break character. Figure 13 shows the relationship 
not disturbed inadvertently. The Break level lasts until other than of IRQ and TxD for a Transmit Break character. 


$00 is stored in the IER at which time a stop bit is sent and 


ABRE COPIER: 
адпарисадензс tet, ГА ЕТ Бет а. 


STOP | START STOP | START STOP START ra | 


PERIOD DURING 


WHICH PROCESSOR | e P 
— SELECTS POINT AT WHICH | 


CONTINUOUS PROCESSOR PROCESSOR 
BREAK” MODE SELECTS INTERRUPT 
NORMAL NORMAL TO LOAD 


MODE DATA 
Figure 13. Transmit Break Character 
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RECEIVE BREAK CHARACTER 


In the event that a Break character is received by the receiver, 
the Break bit is set. The receiver does not set the RDRF bit and 
remains in this state until a stop bit is received. At this time the 


мо [e| [о] ыз, 


5ТОР | START 


| 


PROCESSOR 
INTERRUPT 
FOR 
RECEIVER 
DATA REGISTER 
FULL 


IRQ 


AUTOMATIC ADDRESS RECOGNITION - 


| _ CONTINUOUS “BREAK” 


Е ыз 
г ПИВТ 
| START 


STOP | 


Communications Inte 


PROCESSOR 
INTERRUPT 
WITH BREAK AND FRAMING ERROR BIT SET. 
EVEN PARITY CHECK WILL ALSO GIVE A PARITY 
ERROR BECAUSE ALL ZEROS (CONTINUOUS 
BREAK) REPRESENT EVEN PARITY. | 


Figure 14. Receive Break Character 


The DACIA offers a unique solution to the standard problem · 


associated with multi-drop environment UARTs and communica- 
tion interface controllers. In the standard configuration used by 
other devices, the slave CPU must be constantly interrupted to 
analyze incoming characters on the communications net to deter- 
mine if an address word is present and if so, does that address 
match the address assigned to the slave UART. This CPU inter- 
rupt scheme can become intolerable in very large multi-drop net- 
works because every slave on the communications net must 
“wake-up” it’s CPU for every character sent down the network 
by the master. The end result is that the CPUs on the communica- 
tions net are constantly being interrupted for the mundane task 
of address recognition. 
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next character is to be received normally. Figure 14 shows the. 
relationship of IRQ and RxD for a Receive Break Character. 


i 


NO INTERRUPT 


SINCE RECEIVER. NORMAL 
INTERRUPTS DISABLED UNTIL RECEIVER 
FIRST STOP BIT INTERRUPT 


To avoid this constant CPU interrupt problem, the DACIA has 
been designed to do address comparison and recognition inter- 
nally without the need for CPU intervention. Therefore, the slave 
CPU is not interrupted until the DACIA has determined that the 
character sent over the communications net by the master was 
an address and the address matched the address stored in the 
DACIA Compare Register. At this point the DACIA interrupts the 
CPU, goes out of Compare Mode, and receives the string of 
characters being transmitted by the master, (i.e., the data 
characters). When all data has been received by the slave, it's 
CPU must again write the slave address into the DACIA Compare 
Register which automatically puts it back into the Compare Mode, 
waiting for another address character. 
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.. GENERATION OF NON-STANDARD BAUD RATES These can be determined by: 
Divisors | ` TN Soon Baud Rate = СПУ! Frequency 
The internal counter/divider circuit selects the appropriate divisor MEE sd Divisor 
for the crystal frequency by means of bits 0-3 of the CFR Control | 
‚. Register, as shown in Table 4. | | Furthermore, К is possible to drive the DACIA with an off-chip 
сем. | | | oscillator to achieve other baud rates. In this case, ХТАЦ (ріп 3) 
Generating Other Baud Rates | . .must be the clock input and XTALO (pin 4) must be a nonconnect. 


By using a different crystal, other baud rates may be generated. 


_ Table 4. Divisor Selection 


22 (8.6864 x 10°)/1,024 = 3,600. 


Control | 
| Register | | Divisor Selected | Baud Rate Generated Baud Rate Generated 
Bits For The | . With 3.6864 MHz With a Crystal | 

| з 2 1 0 . | . Internal Counter Crystal ! of Frequency (f) 
го о .0 1 je ~ зе... (3.6864 x 10%/33,538 = 109.92 
ооо | 2746 — (86864 x 10:/27408 = 134.58 
СЕ Б ВИ | (8.6864 х 10%/24,576 = 150 O 124576 | 
Гоа фа - "авва x10y02288 - 300 | 1228 — | 
| 0 eee ла ја | (8.6864 x 10%6,144 = 600 _ = ЖЕКЕ 
К ЕСЕГЕ Oe _______(3.6864 x 10%/3,072 = 1,200 
01 1 1 | 208 | (3.6864 х 1092.08 = 1800 | 1/2,048 

1 0 о 0 


[ o 9 =“ 7| ова | MENU ЖР 
__- o 1 о | 760 | (36864 х 10768 = 4800 1768 


768 | 
ТЕК ЖИЕ ЖЕ ЖЕ ИШЕ ЧИКЛЕ (3.6864 x 109/512 = 7,200 
__1 + о о | | 34 | (3.6864 х 10%/384 = 9,600 /384 
16 


- 


КЕК E ПНЕ ШЫНЫ ырк (3.6864 х 10%/192 = 19,200 
i ТШЕ ЭШЕ сава о (3.6864 x 109/96 = 38,400 SEE 1196 | 


as 


0 ee 871 1,536 (3.6864 х 10*/1,536 = 2,400 "1,536 


-b ~ 
оо 


— 


= | 1 СО | ОЈ ИКИ 
ооо 


= 
— 


TxC/16 = Baud Rate or ВхС/16 = Baud Rate 
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[4 9 — — — 16 CLOCK PULSES ——————— — — — ——4 


INTERNAL 
= 16 
RxS 


RxD (OD LATCH \\ DATA KO) | 


(1) TRANSFER DATA TO SHIFT REGISTER 


Figure 15. DACIA External Clock Timing — Receive Data 


þ—— 16 CLOCK PULSES ——— — — — — ——| 


TxC 


INTERNAL 
+ 16 


TcO 


Figure 16. DACIA External Clock Timing — Transmit Data 
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AC CHARACTERISTICS | 
(Мос = 5.0У +5%, Vss = OV, ТА = Т, to Th) | 


READ/WRITE TIMING 


Characteristic 


R/W, RS0-RS2 Valid to С5 Low. 
(Setup Time) . 


CS Low to RAW, RS0-RS2- 
(Hold Time) ^_^ 


CS Low to Data Valid- · · 


GS High to Data Invalid 
(Hold Time) = | | 


Data Valid to CS High — E 


Note: 
1. АП times are in nanoseconds. 


9.9 9 POF? 990 9 9 9,9 9 
> 29000000 60% ККК 
Q + 


% Ж 
5950505 5255 
| 502505 
RRS KRY 
SRK RRR 0 9 9.5. 
ооо 


„Ф.Ф.Ф.4 


00-07 
DATA OUT 


"ma. 1959.99.99 99. a Ss S S S SP SP SP SPP S P S S SP S SP S s S Sa S Sl Sy Sy ui УУ 

RRS ERROR RRR KL RRR 90 00 00 00 0 9 6 6) 
005090009090 0 9090 90S О О O 

204949494949 9 9 9 9. | 404909494949 О ОК О СОТО 

RSO-RS2 У О ооо 

4440999 0« 9, (555055050555 9.0.60.6.0.0:0.09-.0.0.0.0.09.0.0.0.0.0.0. 


А КЛ ЧУ ЧАР „ЧУ „ЧУ АЧУ РРР 


00-07 
DATA IN 


DACIA Write Cycle Waveforms 
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TRANSMIT/RECEIVE TIMING 


RTS, DTR 


DACIA Transmit/Receive Timing 
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ABSOLUTE MAXIMUM RATINGS* 


тыы Гава vas Пик 
TA 
°C 


Output Voltage | Мол -0.3 to Усс +0.3 | уде | 


Operating Temperature | °C 
О to +70 
— 40 to +85 


Commercial 
Industrial 


C 


OPERATING CONDITIONS 


| Parmeter — | Symbol | Маше | 
Supply Voltage |. 5М+ 590 


Temperature Range : TA 
. Commercial | 
_ Industrial 


DC CHARACTERISTICS 


09 to 70°C 
— 40°C to + 85°С 


(Мос = 5.0 V 596, Vss = ОМ, T, = T, to Ty, unless otherwise noted) 


| . .' Characteristic PE 


Input High Voltage 
Except XTALI and XTALO 
XTALI and XTALO 


Input Low Voltage 
Except XTALI and XTALO 
XTALI and XTALO 


Input Leakage Current 

В/М, RES, RSO, RS1, RS2, RxD, CTS, DCD, DSR, RxC, 

TxC, CS | | 

Input Leakage Current for Three-State ОН. 
00-07 


Output High Voltage . n 
00-07, TxD, CLK OUT, RTS, DTR 


Output Low Voltage 
00-07, TxD, CLK OUT, RTS, DTR 


Output Leakage Current (Off State) 


Input Capacitance | 
Ехсері ХТАЦ апа ХТАО 
XTALI and XTALO 


Notes: 
1. All units are direct current (dc) except for capacitance. 


3. Typical values are shown for Усс = 5.0V and Тл = 25°С. 
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Storage Temperature —55 to + 150 


2. Negative sign indicates outward current flow, positive indicates inward flow. 


"МОТЕ: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. | | 


Typ 


Test Conditions 


+ + 
oo 
> 0 


Мн = OV to Voc 
Усс = 5.25V 


Vin = 0.4V to 2.4V 
uA Мес = 5.25V 
V Voc = 4.75V 

одр = - 100 дА 


у Veco = 4.75\ 
| одр = 1.6 ПА _ 


Voc = 5.257 
РА 


Морт = 0 to 247 


тим | 


H 
№ 


0.4 
10 


+ 
m 


pA 
pF 
pF 
pF 
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PACKAGE DIMENSIONS 


46-РІМ PLASTIC DIP 
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Rockwell 


6265 


R6265 


MICRO FLOPPY DISK 
CONTROLLER (MFDC) 


PRELIMINARY 


DESCRIPTION | 
The R6265 Micro Floppy Disk Controller (МЕОС) Interfaces up 


to four Sony microfloppy and floppy disk drives to an 8-bit ог 16-bit | 


microprocessor-based system including Z-80, 8080A, 8085A, 
8086, and 8088. The MFDC simplifies the system design by · 


minimizing both the number of external hardware components 


and software steps. needed to implement the floppy disk drive 


(FDD) interface. Control signals supplied by the MFDC reduce 
the number оѓ components required. in external phase locked loop 


and write precompensation circuitry. Memory-mapped registers _ 


containing commands, status and data simplify the software inter- 


© асе. Built-in functions reduce the software overhead needed to 
control the ЕРО interface. The MFDC provides full compatibility 
with the single- and double-density formats recommended. by 


Sony Corporation as well as the ability to read the IBM 3740 E 
single-density (FM) апа IEM m 34 Tue n (MFM) | 


formats. 


The.MFDC interfaces directly to the synchronous microproces- 


sor bus and operates with 8-bit byte length data transferred on 
the bus in either DMA or non-DMA mode. In DMA mode, the CPU 
need only load the command into the MFDC and all data transfers 


occur under DMA control. The R6265 is directly compatible with | 


the 28410/:Р08257 Direct Memory Access Controller (DMAC). 
In non-DMA mode, the MFDC generates an interrupt to the CPU 
indicating that a byte of data is available. | 


Controller commands, command or device status, and data are 
transferred between the MFDC and the CPU via six internal 
registers. The Main Status Register (MSR) stores the MFDC status 
information while four additional status registers provide result 
information to the CPU following each controller command. The 
Data Register (DR) stores actual disk data, parameters, controller 
commands and FDD status information for use by the CPU. 


The R6265 executes 15 separate multi-byte commands: 


Read Data Specify. 
Write Data Format a Track 
Read Deleted Data Scan Equal 


Write Deleted Data 
Read a Track Scan Low or Equal 
Read ID Sense Interrupt Status 
Seek Sense Drive Status 
Recalibrate (Restore to Track O) 


Scan High or Equal 


Document No. 29651N77 
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FEATURES 


• Address mark detection circuitry 

е Software control of 
—Track stepping rate 
—Head load time 
—Head unload time | 

e Compatible with Sony recommended format in both sabana 
double-density recording formats 

• Reads standard IBM formats 

е Reads and writes in same format as NEC os м Sony 
microfloppy and floppy disk drives 


• Programmable data. record lengths: 1 28, 256, 512 c or 1024 | 


- bytes/sector 


2%. Multi-sector and multi-track transfer capability | 


e Controls up to four floppy disk drives - 


* Data scan capability—will scan a single sector ог ап entire 


track of data fields, comparing on a byte-by-byte basis, data 
in the processor’s memory with data read from the disk 


e Data transfers in DMA or non-DMA mode 
• Parallel seek operations on up to four drives 


• Directly compatible with an 8-bit or 16-bit synchronous 
microprocessor bus including Z-80/8080A/8085A, 8086, and 
8088 


е Alternative to МЕС „РО7265 

• Pin, software, and electrically compatible with the R6265 
• Single phase 8 MHz Clock | 

е Single +5 Volt Power Supply 


ORDERING INFORMATION 


Part Number 
R6265 


CLK Frequency 


Temperature Range 


8 MHz 0°C to 70°C 


Package: 
C = Ceramic 
P = Plastic 


Product Description Order No. 2174 
March 1984 


R6265 


Micro Floppy Disk Controller (МЕОС) 


ASYNCHRONOUS - 
- BUS | 
INTERFACE 


DMAC 
INTERFACE 


Figure 1. 


PIN DESCRIPTION 


Throughout this document signals are presented using the terms 


active and inactive, or asserted and negated, independent of 
_ whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low Signals are denoted by a Superscript bar. 


BUS INTERFACE 


D0-D7—Data Lines. The bidirectional data lines transfer data 
between the MFDC and. the 8-bit data | bus. | 


CLK—CLOCK. Тһе сек isa ТТІ. compatible 8 8 МН2 equate. 


wave ‘signal. | 


RST—RESET. This active. high input places the MFDC in the 


idle. state and resets the output | lines, to ше floppy Пек апуе | | 


(FDD) to the low state. D 


ROWO 
RDD _ 
УСО _ 
WCK 
WDA 
WE | 
PSO-PS1_ 


| 


IDX 
—OWPITS _ 
.FLT/TRKO · 
'LCT/DIR 
FR/STP 
RW/SEEK 
HDL. 
nca 
USO 
US1 
MFM 


_ Бор 
SERIAL 

|. DATA 

INTERFACE 


FDD 
STATUS. 
INTERFACE - 


MFDC Input and oxen Signals 


INT—Interrupt Request. This active high output i is the interrupt 
request generated by the MFDC to the CPU. INT is asserted upon 


completion of some MFDC commands and before a data byte 


is transferred between the MFDC and the data bus (in the Non- 


DMA mode). 


RD—Read. This active low input defines the data bus transfer 
as а read cycle. When low, the data transfer is 3 from the MFDC 


| to the data bus. 


~WR—Write. This active low input defines the data bus transfer 


р as а write cycle. When low, the data transfer i is from the data bus | 
to the МЕОС. | | | 


CS—chip Select. The МЕРС! 5 selected when the cs input із 


і5 low. 


A0—Data/Status Register Select. This input selects the Data 
- or Status Register for reading from or writing to. When AO = 
high, the Data Register is selected and the state of RD or WR 
determines whether it is a read (RD = low) or a write (WR = low) 
operation. When А0 = low, the Stetus Register i is selected. This 
‚ register may only be read (RD = low); the state WR = low is 
JA invalid when the Status Register 1 is selected. 


 DIREUI М MEMORY ACCESS CONTROLLER | 
.(DMAC) INTERFACE | | 


DACK—DMA Acknowledge. Тһе ОМА transfer о 
signal isa TTL compatible input generated by the DMA controller _ 
(DMAC) controlling the MFDC. The DMA cycle is: active when 
DACK is low and the MFDC is performing a DMA transfer. 


DRO—Data DMA Request. The transfer request signal isa TTL 
compatible: output generated by the MFDC to request a data 
transfer operation under control of the DMAC. (in the DMA mode). 


The request is active when DRQ = high. The signal is reset 


inactive when DMA Acknowledge (DACK) is asserted (low). . 
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TC— Terminal Count. This input signal is issued to the MFDC 
when the DMA transfer for a channel is complete. The signal 
15 active high concurrent with the DACK input when the es 
opération is complete as a result of that transfer. 


FDD SERIAL DATA INTERFACE 


^. RDD-—Read Data. Read Data input from the floppy disk drive | 
| (РОЮ) containing clock and data bits. 


` RDW—Read Data Window. Data Window input generated by 
. the Phase Locked Loop (PLL) апо. used.to sample data from 
| the FDD. 


. VCO—Varlable Frequency Oscillator Sync. This output signal 
inhibits the VCO in the PLL circuit when low and enables the | 


VCO in the PLL circuit when high. This inhibits RDD and RDW 
from being generated until valid data is. detected from the FDD. 


WCK—Write Clock. This input clock determines the Write Data 
rate to the FDD. The data rate is 500 KHz in the FM mode (MFM 

= low) and 1 MHz in the MFM mode (MFM = high). 7 The pulse 
_ width is 250 ns (typical) in both modes. Я 


WDA—Write Data. Serial write data output to the FDD contain- 
ing both glock and data bits. a 


WE-- Write Enable. This output m enables the Write Data | 


into the FDD when high. 


PS0-PS1—Preshift. These outputs are encoded to convey write 


compensation status during the MFM mode to determine early, 
late or normal times as follows: = | 


Write Precompensation Status 


Normal 
Late 
Early 
Anvalid. 


| 0 = Low, 1 = High еи 


_ РОО STATUS INTERFACE 


Preshift Outputs 


RDY —Ready. An active high input signal indicates the FDD is 


ready to send data to, or receive data from, the MFDC. 


IDX—Index. An active high input signal from the FDD indicates 
the index hole is under the index sensor. Index is Hone to Syn 
chronize MFDC timing. | ШІ 


Е АМИ/ЗЕЕК —Веаа Write/Seek. Mode selection signal to the Роб | 


which controls the multiplexer from the multiplexed signals. 
When RW/SEEK i is low, the Read/Write mode is commanded; 
when RWISEEK is » high. the Seek mode is commanded. 


| о: 3 


| Асйуе РОО Interface Signals | 
_ МР, FLT, LCT, ЕВ 


Read/Write 
E TS, ТАКО, DIR, STP 
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WP/TS—Write Protect/Two Side. ‘An active high multiplexed | 
input signal from the FDD. In the Read/Write mode, WP/TS high 
indicates the media i is write-protected. In the Seek Шы WPITS 
high indicates the media is two-sided. | 


FLT/TRKO—Fault/Track Zero. An active high m ultiplexed input 
from the FDD. In the Read/Write mode (RW/SEEK = low), 
FLT/TRKO high indicates an FDD fault. In the Seek mode, 
FLT/TRKO high indicates that the read/write head is каа 
омег track zero. | 


LCT/DIR—Low Current/Direction. A multiplexed output to the 


‚ РОО. In the Read/Write mode, LCT/DIR is low when the read/write 


head is to be positioned over the inner tracks and the LCT/DIR 
is high when the head is to be positioned over the outer tracks. 
In the Seek mode, LCT/DIR controls the head direction, When 
LCT/DIR is high, the head steps to the outside of the disk; when 
LCT/DIR із low,.the. head steps to the inside of the disk. 


FR/STP— Fault. Reset/Step. A multiplexed output to the FDD. 
In the. Read/Write mode, FR/STP high resets the fault indicator 
in the FDD. An FR pulse is issued at the beginning of each read - 
or write command prior to issuing HDL. In the Seek mode, 


. FR/STP provides the step pulses to move the read/write head 


to another track i in the direction indicated by the LCT/DIR signal. 


С HDL—Head Load. Ап active high output to notify the FDD that 


the read/write head. should be loaded (placed in contact with the 


+ media). А low level indicates the head should be unloaded. 


УСС 
RW/SEEK ` 
LCT/DIR 
FR/STP 
HDL 
RDY 
WP/TS 

71 FLT/TRKO 

| PSO | 
PS1 

WDA 
USO 

US1 

] HD 
MFM 
WE 
‘VCO 

RDD 
ROW 
WCK 


о ч Фф ть о = 


- о 
e 


11. 
12 


асар и 
oon oo on hh о 


м 
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| HD—Head Select. An output to the FDD to select the proper 
. read/write head. Head One is selected when HD. = = high апа 
‘Head Zero is selected when HD = low. 


USO-US1--Unit Select. Output signals for foppy disk drive 


| selection as follows: 


- . Unit Select 


‘Floppy Disk 
Drive Select 


о «Low, 1 = High о . 

МЕМ—МЕМ Mode. Output signal to the FDD to indicate MFM 
or FM mode. Selects the MFM mode when МЕМ: = high and 
the FM mode when MFM = low. 

VCC—Power. 45V dc. 


GND—Ground (Vgs). 


| ш 
BUFFERS 


‘CONTROL. 


TERNAL BUS 


INTERFACE 


Micro Floppy Disk ТЕСІГІ мера 


| MFDC REGISTERS: 


The MFDC contains ‘ax registers which may be accessed b 

the processor or. DMA controller via the system (i. Ə., micro: 
processor) bus: a Main Status Register, a Data Register, and 

four Result Status Registers. The 8-bit Main Status Register 
(MSR) contains the status information of the MFDC, and may 
be accessed at any time. The 8-bit Data Register, conslsting of 
several registers in a stack with only one register presented to _ 
the data bus at а time, stores data, commands, parameters and 
FDD status information. Bytes of data are read out of, or written | 


. into, the Data Register in order to initiate a command or to obtain 


the results of a | command execution. 


The read-only Main Status Register facilitates the iranefer of data 
between the system and the MFDC. The other Status Registers 


(STO, ST1, ST2 and ST3) are only available during the result 
phase, and may be read only after completing a command. The 
particular command which has been executed determines now 
many of the Status Registers will be read. 


SERIAL — вом 
[READ _ RDD 
CONTROL NER 


SERIAL. [Г WDA 
CONTROL E МЕ 
Р50, PS1 
ү, 

- DX | 
_МРЛ$ 
 FLT/TRKO- 


DRIVE 
rule LCT/DIR 
+ FR/STP 
> RW/SEEK 
> HDL 
HD 
> USO 
051 · 
> MEM 
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The reletionship between the status/data. registers and the WR, | 
_ АО апа А0 p dd is Shown below: 


К , Functon 6 
. Неда! | | 
| Read Máin Status Register 
Неда! . 
Illegal 
"Read from Data. Register - 
|^ Write into Data пеше 


Тарје 1 shave each of the status registers used Br the MFDC 
and each bit assignment within the individual registers. Table 2 


defines the symbols used throughout the command definitions. 
Each register bit symbol is defined i in the register descriptions 
that (ооу Table 2. | | | 


REGISTER DEFINITIONS : 
Main Status Register (MSR) 


° MSR 


The Main Status Register (МӘН). contains the status information: ae 


of the MFDC, and must be read by the processor before each . 
byte is written to, or read from, the Data Register during the com- . 


mand or result phase. MSR reads are not required during the 
execution phase. The Data Input/Output (DIO) and Request for 
Master (КОМ) bits in the MSR indicate when data is ready and 
in which direction data will be transferred on the data bus. The 
maximum time between the last RD or WR during command 
or result phases and the DIO and RQM getting set or reset is 
12 us. For this reason, every time the MSR is read the processor 
should wait 12 из. The maximum time from the trailing edge of 
the last RD in the result phase to when bit 4 (MFDC Busy) goes 
low is also 12 us. 


тһе DIO and ВОМ timing chart is shown in Figure 3. 


MSR | | | 
7 НОМ —Редџез! for Master. 
0 Data Register is not ready. 

E Data Register is ready. | 

MSR | 
6 DIO —Data Input/Output. 

0 Data transfer is from system to the Data Register. 
1 


Data transfer is from Data Register to the system. 


SR PE gn 
`5 EXM  —Execution Mode. (Non-DMA mode only). 
0 . Execution phase ended, result phase begun. | 

1 Execution phase started. | 
MSR | 
224 CB — Controller (MFDC) Busy. | 
0 МЕОС is not busy, will accept a command. 
1 MFDC is busy, will not accept a command. 


3 .D3B. —Floppy Disk Drive (FDD) 3 Busy. ~ 
о FDD 3 is not busy, MFDC will accept read or write 
command. 
1  ) FDD3is busy, MFDC will not argent read or write 
command. 
MSR 
2 028 --FDD 2 Busy. eos 
0. FDD 2 is not busy, MFDC will accent read or write 
command. | 
1. FDD 2 is busy, МЕРС. will not accept read or write . 
а | | 
MSR 
1 DIB —FDD 1 Busy. | 
.0 || FDD 1 is not busy, MFDC will. accept. read or write 
‘command. | 
1 FDD 1 is busy, МЕРС: will not accept read ог write 
‚ command. | 
MSR . 
0 DOB  —FDDO a | Том 
0  FDDOis not busy, MFDC will accept read or write 
| command. | | 
1 ЕРО. 0 is busy, MFDC will not accept read or write 
command. | 


Status Register 0 тб) | 


The Status Register 0 (STO) as well as the other status registers 
(ST1-ST3), are available only during the result phase, and may 
be read only after completing a command. The particular com- 
mand executed determines which status registers are used and 


тау be read. | 
. STO 2 
7 6 IC —Interrupt Code. 
Normal Termination (NT). Command was properly exe- 


0 1 


cuted and completed. — | | 
. Abnormal Termination (AT). Command. execution was 
started, but was not successfully completed. 


..1 0 Invalid Command (IC). Received command was invalid. 
1 4x 


Abnormal Termination (AT). The Ready (RDY) signal 
from the FDD changed state during command 
execution. 

STO eM um 

5 SE беек End. 

0 Seek command is not completed. · 


1 Seek command completed by МЕРС. 


STO 


24 ЕС E Check. 
0 Моепог - | 
12 Eithera fault signal i is received from the FDD or the track - 
0 signal failed to occur after 256 n pulses (Recalibrate 
` Command). 


R6265 _ Мего Floppy Disk Controller (MFDC) | 
| | Table 1. MFDC Status Register Bit Assignments. Ree ft та Ar 
з му ты Bit Number | 


Table 2. Command Symbol Description 


| Symbol | Description m 
Address Line AO · Controls selection of Main Status Register (AO = low) or Data Register (АО = high). | 
Крк s = Data The data pattern which is going to be written into a sector. | aur | 
Data Bus 8-bit data bus, where DO is the least significant data line and D7 is the most significant data line. 

оп. | Data Length _ When N is defined as 00, DTL is the number of data bytes to read from or write into the sector. 

EOT  . | End of Track . | The final sector number оп а track. During read ог write operation, the DDFDC stops data transfer 

| after reading from or writing to the sector equal to EOT. _ DN 
GPL ‚ The length of Gap 3. During read/write commands this value determines the number of bytes that the - 


d а | um м. stay low after two CRC bytes. During the Format a Track command it determines the size of . · 
Head number 0 or 1, as specified in ID field. . _ ИК | 
А selected head number 0 or 1 which controls the polarity of pin 27. (Н = HD іп ай command words). | 
The head load time in the FDD (2 to 254 ms in 2 ms increments). | JB UC co 
The head unload time after a read or write operation has occurred (16 to 240 ms іп 16 ms increments). 
When МЕ = 0, FM mode is selected; and when МЕ. = 1, MFM mode is selected. BEN 
- When МТ: = 1, а multi-track operation is to be performed. After finishing a read/write operation onside. 


Head Address | — 
Head 

Head Load Time — 
Head Unload Time | 

. FM ог MFM Mode . | 


: Multi-Track 


"НО (H) 


0, the DDFDC will automatically start searching for sector 1 on side: 1. 
The number of data bytes written in a sector. | 2. ТТ ТЕК ee 
When МО = 1, operation is іп the Non-DMA mode; when ND = 0, operation is іп the ОМА mode. | 
А new track number, which will be reached as a result of the Seek command. Desired head position. | 
The track number at the completion of Sense Interrupt Status command. Present head position. ^ 
The sector number to be read or written. _ | SN mr 
Either read (R) or write (W) signal. 
Тһе number of sectors per track. | 
. Skip Deleted Data Address Mark. . | 
The stepping rate for the FDD (1 to 16 ms in 1 ms increme 
| (Fz1msEs2ms,etc) | Е ЕА ИСЕ 
- Four registers which store the status information after a command has been executed. This information |. 
| is available during the result phase after command execution. These registers should not be confused _ 
Status 2 . with the Main Status Register (selected by AO = low). STO-ST3 may be read only after а command has . · 
Status 3 . been executed and contain information relevant to that particular command. | ||| | 
Sector Test Process | During a Scan command, if STP = 01, the data in contiguous sectors is compared byte by byte with data 
Mas sent from the processor (ог DMA controller); and if STP = 02, then alternate sectors are read апа 
compared. . . ^ ^ | . | | E MAE E Є а 
Тһе current/selected track number of the medium (0-255). | 
A selected drive number (0-3). — | 


Step Rate Time nts). Stepping rate applies to all drives Er 


.StatusO _ 
Status 1 


T Track Number 
‚| USO,US1 Unit Select | 
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STO | | 
3 МА .. —Not Ready. 
0 FDD is ready. | 
1.  FDO is not ready at issue of Toad c or write command. | 
If a read or write command is issued to side 1 of a single- - 
- sided drive, this bit is also set. 


Head Select 0. 


4^ 2 HD —Head Address. (A Interrupt) 
1 ‘Head Select 1: 


US . —Unit Select. (At Interrupt). 
РОО 0 selected. | 
FDD 1 selected. 
_ FDD 2 selected. 
| FDD 3 selected. 


| —End of Track. 
0 - No error. | 

1 МЕОС. attempted to access a 2856 beyond the last | 
sector of a track. | 


y EN. 


6 —Not Used. Always Zero. 


T | 
.5 ЮЕ —Data Error. NL 
0 Мо error. | 

1 


4 он” ‚ —Омег Run. . 

_ 0 No error. E 

`` 1^ МЕРС was not serviced by the system during data 
transfers, within a predetermined time interval. 


3  .  -PNot Used. Always Zero. 
511 d ang 

2 ND —No Data. 

0: Мо еггог. 

1 9 possible errors. . 


E MFDC cannot. find sector K specified: in 4D Register 
| during execution of Read Data, Write Deleted Data 
or Scan commands. 


2. MFDC cannot read ID field without an error during 
Read ID command. 


3. MFDC cannot find starting sector during execution of 
Read a Track command. 
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1 NW --Мо: Writable. 
0 Noerror 
p MFDC detected a write protect signal.from FDD during 
| execution of Write Data, Write ое Data or Format 
a Track commands. 
CET uu, >. 
0 МА —Missing Address Mark. 
0 No error. 
1 2 possible errors. 


1. MEDC cannot detect the ID Address Mark after 
-encountering the index hole twice. | 


2. MFDC cannot detect the Data Address Mark or 
Deleted Data Address Mark. The MD (Missing 
Address Mark in Data field). о! Status Register 2 is 
also set. | | 


_ Status Register 2I. 


в. мғос detected a а CRC error in ID field or the Data field. 5 
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— мог Used. Always Zero. 
ST2 | ү 
6 СМ —Control Mark. 


0 - NO error. 

1 MFDC encountered a sector which contained a Deleted 
Data Address Mark during execution of a Read Data, 
Read a Track, or Scan command, or which contained 
a Data Address Mark during execution of a Read Deleted 
Data command. | 


5 DD —Data Error in Data Field. 
0 Мо еггог. | 
1 МЕРС detected a CRC error in the Data field. 


_ $Т2 


4 WT —Wrong Track. 

0 No error. 

1. Contents of T on the disk is different from that stored 
in IDR. Bit is related to ND (Bit 2) of Status Register 1. 


3 SH : сап Equal Hit. | 

0 Мо кыш condition during a scan command. 

1 “Equal” condition satisfied during a scan command. 
ST2 , ! 
2 SN —Scan Not Satisfied. 

0 No error. mE 

1 MFDC cannot find a sector on the track which meets the 


scan command condition. 
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$72 _ | to m ӘЖЕ 
1 BT | —BadTrack. `` 
0 No error. | 
1 Contents of T on the disk is different from that mm 
in the IDR and T = FF. Bit is related to ND (Bit 2) of 
Status Register 1. aa T а Cd 
ST2 | 
0 мо —Missing Address Mark in Data Field. 


0 _ Noerror. 
1 MFDC cannot find a Data Address Mark or Deleted Data 
Address Mark M a data read from the. disk. 


Status — 3 (ST3) 


Сан pw [m [тне | Ге pur [0] 


Status Register 3 (ST3) holds the results of the Sense Drive Status 
command. 


573 
7 АТ —Fault. 
0 Fault (FLT) signal from the FDD is low. 
1 Fault (FLT) signal from the FDD is high. 


6 МР —Write Protect. | 
220 Write Protect (WP) signal from the FDD is low. 
1 Write Protect (WP) signal from the FDD is high. 


| —Ready. | 
-0 Ready (RDY) signal from the RDD is low. 
1 Ready (RDY) signal from the FDD is high. 


ST3 
4 ТАКО —Таско. | 
0 Track 0 (ТАКО) signal from the FDD is low. | 
1 Track 0 (TRKO) signal is from the FDD is high. 


ST3 
3 TS . —Two Side. i 
0 Two Side (TS) signal from (ће. ЕОО is low. 
1 Two Side (TS) signal from the FDD is high. 
ST3 | 


2 —Head Select. 
о Head Select (HD) signal to the FDD is low. 
1 наа 99 (HD) signal to the FDD i is high. 


1 изт | —Unlt Select 1. | 
0 Unit Select 1 (US1) signal to the FDD is low. 
1 Unit Select 1 (US1) signal to the. FDD is а | 


0 USO  —Unit Select 0. к 
0 Unit Select 0 (USO) signal to the FDD i is Jon 
1 Unit Select 0 (051) signal to the FDD is high. 


COMMAND SEQUENCE 


The МЕОС i is capable of performing 15 different commands. Each 
command is initiated by a multi-byte transfer of data from the 
system. After command execution, the result of the command may 
be a multi-byte transfer of data back to the system. Because о! 
this multi-byte transfer. of information between the MFDC and the 
system, each command. consists of three phases: 


Command: Phase—The MFDC receives all information | 
s to т а particular УНИ from the yin 


Execution Phase—The MFDC performs the instructed 
operation. | | 


Result Phase—After completion of the operation, status and 
other housekeeping information are made available to the. system. 


The byles of data sent to the МЕРС. ББ. а соттал, апа 
read out of the МЕОС in the result phase, must occur іп the order- 
shown for each command sequence. That is, the command code 
byte must be sent first followed by the other bytes in the specified 
sequence. All command bytes must be written and all result bytes 
must be read in each phase. After the last byte of data in the 
command phase is received by the MFDC, the execution phase 
starts. Similarly, when the last byte of data is read out in the result 
phase, the command is ended and the МЕОС is ready to accept 
a new command. A command can be terminated by asserting 
the Terminal Count (TC) signal to the MFDC. This ensures that 
the processor can always get the MFDC's attention even if the 


E command: in process деа ир іп an abnormal таппег. 


СОММАМО DESCRIPTION 5 


READ DATA 


A command set of nine Бе places i the MFDC into the: Read 
Data mode. After the Read Data command has been received - 


the MFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the Specity command), then begins 
reading ID Address Marks and ID fields from the disk. When the 
current sector number (R) stored in the ID Register (IDR) matches. 
the sector number read from the disk, the MFDC Fenster t data . 


from the disk Data no to the даа. bus. 


E . After completion of the read operation from the current sector, 


the MFDC increments the Sector Number (R) by one, and ће _ 
: data from the next sector is read and output to the data bus. This | 


. continuous read function is called a ‘Multi-Sector Read Opera- | 
ноп.” The Read Command terminates after reading the last data 
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byte from sector В when R = EOT. STO bits 7 and 6 аге setto _ 
0 and 1, especie, and ST1 bit 7 (EN) is set to a 1. | 


The Read. Data command can also be. terminated by a high 
Terminal Count (TC) signal. TC should be issued at the same. 


time that the DACK for the last byte of data is sent. Upon receipt 


of TC, the MFDC stops outputting data to the data bus, but con- 
tinues to read data from the current sector, checks CRC (Cyclic 


‘Redundancy Count) bytes, and then at the end of that Sector їег-, 


minates the Read Data command and sets bits 7. and 6 in. STO 
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to 0. The amount of data which can be handled with a single 
command to the MFDC depends upon MT (Multi-Track), MF 
(MFM/FM), and N (Number. of Bytes/Sector) values. Table 3 
shows the transfer capacity. 


The multi-track function (MT) allows the MFDC to read data from 
both sides of the disk. For a particular track, data i is transferred 
starting at sector 1, side 0 and completed at sector L, side 1 


~ (sector L = last sector on the side). This function pertains to 
2212 Only one track (the same а track) on each side of the disk. ` 


When N = 0i in commend byte 6 (FM med the Data Length 


(DTL).in command byte 9 defines the data length thatthe MFDC _ 


must treat as а sector. If DTL is smaller than the actual data 


length in a sector, the data beyond the DTL is not sent to the | 


data bus. Тһе МЕОС reads (internally) the complete sector, 
performs the CRC check, and depending upon. the manner of 
command termination, may perform a multi-sector Read opera- 
tion. When N is non-zero (MFM mode), DTL has no meaning 
| eng should De set to FF. age 


At tthe completion of the Read Data command, the head i is not 


unloaded until the Head Unload Time (HUT) interval defined in | 


the Specify command has elapsed. The head settling time may 
be avoided between subsequent reads if the processor issues 


another command before the head unloads. This time savings 


‘is considerable when disk coments; are copied from one drive 
| to another. | | 


If the MFDC detects the Index Hole twicei in succession without 
finding the right sector (indicated іп А); then the MFDC sets the 


No Data (ND) flag in Status Register 1 (ST1) to a 1, sets Status | 


Register 0 (STO) bits 7 and 6 to 0 and 1, respectively, and 
terminates the Read Data command. | 


After reading the ID and Data fields in each sector, the MFDC 
checks the CRC bytes. If a read error is detected (incorrect CRC 
in ID field), the MFDC sets the Data Error (DE) flag in ST1 to 
a 1, sets the Data Error in Data Field (DD) flag in ST2 to a 1 
if a CRC error occurs in the Data field, sets bits 7 and.6 in STO 
to 0 and 1, respectively, and terminates the command. 


. Micro Floppy Disk Controller (МЕС) 


If the MFDC reads a Deleted Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit in the first com- 
mand byte is not set (SK = 0), then the MFDC reads all the data 
in the sector, sets the Control Mark (CM) flag in ST2 to a 1, and - 
terminates the command. If SK = 1, the MFDC skips the sector 
with the Deleted Data Address Mark and reads the next sector. 
The CRC bits in the deleted data field are not checked when 


SK = 1. 


During disk data transfers from the MFDC to the system, the 
MFDC must be serviced by the system within 27 us in the FM 
mode, and within 13 us in the MFM mode, otherwise the MFDC 
sets the Over Run (OR) flag in ST1 to a 1, sets bits 7 and 6 in 
STO to 0 and 1, respectively, and terminates the command. 


If the processor terminates a read (ог write) operation in the 
MFDC, then the ID information in the result phase is dependent 
upon the state of the MT bit in the first command byte and the 


. End of Track (EOT) byte. Table 4 shows the values for Track 


Number (T), Head Number (H), Sector Number (R), and Number 
of Data Bytes/Sector (N), when the processor terminates the 


command. 


Command Phase: 


Track Number (Т) 
Head Number (Н) 


Data pens edis 


Table 3. MFDC Transfer Capacity 


TE Typical values are for Sony recommended format. 


Multi-Track · MFM/FM Bytes/Sector . Maximum Transfer Capacity Final Sector Read" 
| .. (MT) (MF) (N) (Bytes/Sector) (Number of Sectors) | from Disk 
E 


(128) (16) = 2,048 
(256) (16) = 4,096 
(128) (32) = 4,096. 
(256) (32) = 8,192 
(256) (9) = 2,304 | 
(512) (9) 4,608 or 9 at Side 1 
(256) (18) = 4,608 


(512) (5) = 2,560 5 at Side 0 

(1024) (5) = 5,120 or 5 at Side 1 

(512) (10) = 5,120 | 

(1024) (10) = 10,240 Xd а 


16 at Side 0 
or 16 at Side 1 


16 at Side 1 


-x 
= 
шш 
= 


9 at Side 0 
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Table 4. MFDC Command Termination Values | 


Command Phase ID. 


.— Result Phase ID 


. . No. of 
. Data Bytes 
Un 


Final 8 ке 
_ to/from Data Виз 


Less than EOT 
Equal to EOT : 
Less than EOT 
Equal to EOT 
Less than EOT  _ 
Equal to EOT --- 
Less than ЕОТ _ 


Notes: | | Д d 
1. NC (No Change): The.same value as the one at the beginning of Е О execution. 
2. LSB (Least Significant id The least Significant bit of H is complemented. 


Result Phase: | | | | | . ofthe ID fields, it terminates the Write Data command, sets the 


Status Register 0 (STO) | ОЕ Над іп 571 to a 1, and.sets bits 7 and 6 in STO to 0 and 
1, respectively. 
Status Register 1 (ST1) 
Status Register 2 (ST2) 
Track Number (Т) "E 
Head Number (H) | 


The Write Data command ее in much the same manner 
as the Read Data command. Refer to ше Read Data command 
for the handling of the plows’ items: 


_ © Transfer Capacity — 
г ө End of Track (EN) flag 
22% № Data (ND) flag 
• Head Unload Time (HUT) interval | 


т о E LU * 10 information when the processor terminates command 
WRITE DATA . Ea | (see Table 4) 


Sector Number (R) 


Number of Data Ее: рег. Зесюг (М) 


А соттапа set of nine bytes places the МЕРС in the Write Data Ж: * Definition of Data Length (DTL) when М = Oand when № » 0 
mode. After the Write Data command has been received the | | | 

_ MFDC loads the head (if it is unloaded), waits the specified Head | In the Write Data mode, data transfers from the data bus to thè 
Settling Time (defined in the Specify command), then begins MFDC must occur within 27 us іп the FM mode, and within 13 ys 
reading ID fields from the disk. When the four bytes (T, H,R,N) | _ in the МЕМ mode. If the time interval between data transfers 
loaded during the command. match the four bytes of the ID field is longer than this, then the MFDC terminates the Write Data 
from the disk, the MFDC transfers data from the data bus to the. command, sets the Over Run (OR) flag in 571 to а 1, and sets - 

_ disk Data field. sd P | | . bits 7 and 6 in STO to 0 and 1, ыны 

_ After writing data into the current sector, the МЕС. increments" ы. Command Phase: 


ће sector number (R) by one, and writes into the Data field in 

_ the next sector. The МЕРС continues this multi-sector write 
operation until the last byte is written to sector В when А = EOT. 
STO bits 7 апа 6 are set to 0 and 1; и. апа ST1 bit 

| 7 (ЕМ) is set toa 1. | | 


- The command can also be terminated by a high on Terminal 
с Count (TC). If TC is sent to the MFDC while writing into the 
current sector, then the remainder of the Data field is filled with 
00 (zeros). In this case, STO bits 7 and 6 are set to 0 and the 
commana. is terminated. 


: The MFDC reads the ID field of dan sector and checks the CRC 
| bytes. If the. MFDC detects a read error (incorrect CRC) in one 
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Result Phase: 


Status Register 0 (STO) 
Status Register 1 (ST) — 
Status Register 2 (572) 


_ Track Number (Т) - 


Head Number (H) - | = | 


· Sector Number (А) : Е: 
‚ Number о! Data Bytes per Sector (М) _ 


WRITE DELETED DATA 


The Write Deleted Data command is the same as the Write Data 
command except a Deleted Data Address Mark is written at the 


beginning of the Data field instead of the normal Data Address 


Mark. | 


Command Phase: ) 

| RW [BYTE | 7 | 8 | 5 азот | 0 | 

т мг | ме тото оро | + | 

Са во Гови [uso 
5 | 


Track Number (T) | 
Head Number (H) 


| 5 | Sector Number (В) | 


End of Track (EOT) | 
| в | Gap Length (GPL) | TOL 
| 9 | Data Length (DTL) 


Result Phase: 


_ Status Register 0 (STO) 
с Status Register 1 (ST1) 


Head Number (H) 


Sector Number (R) 25 57 
Number of Data Bytes per Sector(N) | 


КИН 

22 | 

з | sta 

|4 | Track Number D _______- 
ЕЕ 

ЕЕ 


READ DELETED DATA 


The Read Deleted Data command is the same as the Read Data 
command except that if SK = 0 when the MFDC detects a Data 
Address Mark at the beginning of a Data field, it reads all the 
data in the sector and sets the CM flag in ST2 to a 1, and then 


terminates the command. If SK = 1, then the MFDC skips the - 


sector with the Data Address Mark and reads the next sector. 
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. Command Phase: | | 


СШ Number of Data Bytes per Sector (М) "EI 


Status Register 2 (572) | Me 


. Micro Floppy Disk Controller (МЕОС) 


[aw Тв у Ге Ге Тазга 

х рохе [us | ово 

- Track Number (T) E | 

| 
Шү Sector Number (В) _· ИЕ 

Number of Data Bytes рег Sector (М) 


7 End of Track (EOT) i 


Gap Length (GPL) 


‘Data Length (DTL) { г: 


| Result Phase: 


Status Register 0 (STO): | 
Status Register 1 (8711) — : "Pur 
Track Number (Т). ii 
..Head Number (H) . . 
| Sector Number (В) 


Number of Data Bytes per Sector (N) — . | 


TM 


EM 
NE 
per 
ШОН 
BN 


READ A TRACK 


The Read a Track command is similar to the Read Data com- 
mand except that this is a continuous read operation where all 
Data fields from each of the sectors on a track are read and 
transferred to the data bus. Immediately after encountering the 
Index Hole, the MFDC starts reading the Data fields as con- 
tinuous blocks of data. This command terminates when the 
number of sectors read is equal to EOT. Multi-track operations 
аге not allowed with this command. | | 


If the MFDC finds an error in the ID or Data CRC check bytes, 
it continues to read data from the track. The MFDC compares 
the ID information read from each sector with the value stored 
in the IDR, and sets the ND flag in ST1 to a 1 if there is no match. 


If the MFDC does not find an ID Address Mark on the disk after 
it encounters the Index Hole for the second time it terminates 
the command, sets the Missing Address Mark (MA) flag in ST1 
to a 1, and sets bits 7 and 6 of STO to 0 and 1, respectively. 
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. Command Phase: 


| 8 | Track Number (T) 
| 4 | Head Number (H) | 


End of Track (ЕОТ) 


NON Data Length (DTL) 


Result Phase: 


Es Status Register 1 (ST1) 

| з | Status Register 2 (572) | | 
aa Track Number (T) 

| 5 | Head Number (H) 


Sector Number (R) | 
Number of Data Bytes per Sector (М) 


READ ID 


The two-byte Read ID command returns the present position of 
the read/write head. The MFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to O and ter- 
minates the command. : | 


If по. proper ID Address Mark is found on the disk before the 
Index Hole is encountered for the second time then the Missing 
Address Mark (MA) flag in ST1 is set to a 1, and if no data is 
found then the ND flag in ST1 is also set a 1. Bits 7 and 6 in 
STO are set to 0 and 1, respectively and the command is 
terminated. | : | 


During this command there is no data transfer between MFDC 
and the data bus except during the result phase. 
Command Phase: m НИ | 

[ww ет 7 Ге eje] | Ге 
[2 | x | xX |х [x] xX] HD | ust | uso | 
ари X дыз 3m 


Status Register 0 (STO) | 


| 5 | Sector Number (R) — | 
EMI Number of Data Bytes per Sector (М) 
| в | Gap Length (GPL) | 


EM . Status Register 0 (STO) | 


. . FORMAT А TRACK 
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The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded per 
the format recommended by Sony Corporation. The particular 
format written is also controlled by the values of Number of 
Bytes/ Sector (N), Sectors/Track (ST), Gap Length (GPL) and 
Data Pattern (D) which are supplied by the processor during the 


· command phase. The Data field is filled with the data pattern 


stored in D. | | Ж 


The ID field for each sector is supplied by the processor in 
response to four data requests per sector issued by the MFDC. 
The type of data request depends upon the Non-DMA flag (ND) 
in the Specify command. In the ОМА mode (ND = 0), the MFDC 
asserts the DMA Request (DRQ) output four times per sector. 


1л the Non-DMA mode (ND = 1), the MFDC asserts Interrupt 


Request (INT) output four times per sector. 


The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number 
(T), Head Number (H), Sector Number (R) and Number of Bytes/ 
Sector (N). This allows the disk to be formatted with non- 
sequential sector numbers, if desired. | 


The processor must send new values for T, H, R, and N to the 
MFDC for each sector on the track. For sequential formatting 
R is incremented by one after each sector is formatted, thus, 
R contains the total numbers of sectors formatted when it is read 


- during the result phase. This incrementing and formatting con- 


tinues for the whole track until the MFDC, upon encountering 
the Index Hole for the second time, terminates the command 
and sets bits 7 and 6 in STO to 0. E | 


If the Fault (FLT) signal is high from the FDD at the end of a 
write operation, the MFDC sets the Equipment Check (EC) flag ~ 
in STO to a 1, sets bits 7 and 6 of STO to 0 and 1, respectively, 
and terminates ihe command. Also, a low (RDY) signal at the 


beginning of a command execution phase causes bits 7 and 6 


of STO to be set to O and 1, respectively. 


Table 5 shows the relationship between N, ST, and GPL for 
various disk and sector sizes. "DUE Е 


Соттапа Рһаве: TEES "а 
| Rw вите |7 | в ваз 2 | зо | 
MOREELIKROENENEOHEN 
Са Dx[x[x[x[x[wo | ови | ово | 
EE Number of Bytes per Sector (N) ^ | 
ЕМ Sectors per Track (ST) :. 
ENUI I NENNEN 
| 6 | Bata Panem ©) | 
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Table 5. Micro Floppy Disk Sector Size Relationship 


| бесіог біге 
алакада 


Notes: . 
221. Values of ST and GPL аге hexadecimal. 


2. іп МЕМ mode the MDFC cannot pere a.read/write/format operation with 128 bytes/sector (М = 


Result Phase 


. Status Register 1(ST)) || 
Status Register 2 (ST2) 
Track Number m | 


SCAN COMMANDS | 


The scan commands compare » data read from the disk to dia 
supplied from the data bus. The MFDC compares .the data, and 


looks for a sector of data which meets the conditions of Depp 

= Deus: Depp = Deus, ОГ Depp = Days (D = the data pattern 
in hexadecimal). A magnitude comparison is performed (FF = 
largest number, 00 = smallest number). The hexadecimal byte 
of FF either from the bus or from FDD can be used as a mask 
byte because it always meets the condition of the compare. 
After a whole sector of data is compared, if the conditions are 
not met, the sector number is incremented (R + STP — R), 


and the. scan operation is continued. The scan operation con- 


tinues until one of the following events occur: the conditions 


for scan are met (equal, low or equal, or high or equal), the - 


last sector on the track is reached (EOT), or TC is received. 


No. of Data | 
пиев sector 


. Status Register 0 (STO) ve 
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а 1 апа terminates the command. If SK = 


Gap Length 
(СРЕ! 
Format · 
Command 


No. of . 
Sectors/Tracks 
(sry 


- 00). | 


I conditions for scan are met, the MFDC sets the Scan Hit (SH) 


flag in ST2 to a 1, and terminates the command. If the condi- 
. tions for scan are not met between the starting sector (as _ 


specified by R) and the last sector on the track (EOT), then 
the MFDC sets the Scan Not Satisfied (SN) flag in ST2 to a 
1, and terminates the command. The receipt of TC from the 


processor or DMA controller during the scan operation will 


cause the MFDC to complete the comparison of the particular 
byte which is in process, and then to terminate the command. 
Table 6 shows the status of bits SH and SN under various con- 
ditions of scan. 


If SK = 0 and the MFDC encounters a Deleted Data Address 
Mark on one of the sectors, it regards that sector as the last - 
sector of the track, sets the Control Mark (CM) bit in ST2 to 
1, the MFDC skips 
the sector with the Deleted Data Address Mark, sets the CM 
flag to a 1 in order to show that a Deleted Sector has been 
encountered, and reads the next sector. _ 


When either the STP sectors are read (contiguous sectors = 
01, or alternate sectors = 02) or MT (Multi-Track) is set, the 
last sector on the track must be read. For example, if 
STP = 02, MT = 0, the sectors are numbered sequentially 1 


through 26, and the scan command starts reading at sector 


21. Sectors 21, 23, and 25 are read, then the next sector (26) 
is skipped and the Index Hole is encountered before the EOT 
value of 26 can be read. This results in an abnormal termina- 
tion of the command. If the EOT had been set at 25 or the scan- 
ning started at sector 20, then the scan command would be 
completed in a normal manner. 
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Table 6. Scan Status Codes 


и | Status Register 2 | 
Scan Equal ши | ши | | 


Scan Low ог Equal 


Depp = Deus - 
Depp = Degus 


Scan High or Equal 


During a scan command data is supplied from the data bus for SCAN LOW OR EQUAL 
comparison against the data read from the disk. In order to avoid | 
having the Over Run (OR) flag set in 571, data must be available Command Phase: | 


from the data bus in less than 27 „5 (FM mode) or 13 из (МЕМ 
mode). If an OR occurs, the MFDC terminates the command 
and sets bits 7 and 6 of STO to 0 and 1, respectively. 


[gv | 7 |e | 5 аз 2 | 1 | 0 


RM 
ws мм [оо [+ 
ах х рено Гови [uso 

[s [TexWmbem — — 1 


The following tables specify the command bytes and describe 
the result bytes for the three scan commands. | 


SCAN EQUAL Sector Number (R) 


МЕЗІ Number of Data Bytes per Sector (М) 


Command Phase: 


а [незин 
ЕСЕ 


Епа ог Тгаск (ЕОТ) | 
Gap Length (GPL) 
Sector Test Process (STP) | 


Result Phase: 


| 1 | Status Register 0 (STO — — 

pas d Status Register 1 (ST1) 222 

| з | Status Register 2(ST2) | rm 
| 4 | Track Number (Т) ағы 


. Sector Test Process (STP) 


Head Number (H) 
Sector Number (А) | 
Number of Data Bytes per Sector (N) 


Status Register 0 (STO) 


· Head Number (Н) к | 
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_ SCAN HIGH OR EQUAL 


Command Phase: 


Track Number (T) 
a cw .Head Number (H) | 
ЖШ Sector Number (В) 

Епа of Track (EOT) 


EUN Gap Length (GPL) ДУР 
| 9 | Sector Test Process (STP) 


|" |мт ме || | 1] о | 1 
| | 2 | x | x | x рено | uss | uso | 


Result Phase: 


Status Register 0 (STO) 
| Status Register 1 (511) 
Status Register 2 (ST2) | 


| Track Number (T) 
_ Head Number (Н). 


Sector Number (А) У 


Number of Data Bytes per Sector (N) 


м 
! 


ЗЕЕК 


The three-byte Seek command steps the FDD read/write head 
from track to track. The MFDC has two independent Present 
Track Registers for each drive. They are cleared only by the 
Recalibrate command. The MFDC compares the Present Track 


Number (PTN) which is the current head position with the New- 


Track Number (NTN), and if there is a difference, performs the 
following operation: | | 


If PTN « NTN: Sets the direction output (LCT/DIR) high 
and issues step pulses (FR/STP) to the 
FDD to cause the read/write head to step 
in. 

If PTN » NTN: Sets the direction output (LCT/DIR) low 
and issues step pulses to the FDD to 
cause the read/write head step out. 


The rate at which step pulses are issued is controlled by the 
Step Rate Time (SRT) in the Specify command. After each step 
pulse is issued, NTN is compared against PTN. When 
NTN = PTN, then the Seek End (SE) flag in STO is set to a 1, 
bits 7 and 6 in STO are set to O, and the command is terminated. 
At this point MFDC asserts INT. 


The FDD Busy flag (bit 0-3) in the Main Status Register (MSR) 
corresponding to the FDD performing the Seek operation is set 
to a 1. 


Number of Data Bytes per Sector (М) | | 
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After command termination, all FDD Busy bits set are cleared 


г by the Sense Interrupt Status command. 


2-302 


During the command phase of the Seek operation the MFDC 
sets the Controller Busy (CB) flag in the MSR to 1; but during 
the execution phase the CB flag is set to O to indicate MFDC 
non-busy. While the МЕОС is in the non-busy state, another Seek 
command may be issued, and in this manner parallel seek opera- 
tions may be performed on all drives at once. 


No command other than Seek will be accepted while the MFDC 
is sending step pulses to any FDD. If a different command type 
is attempted, the MFDC will set bits 7 and 6 in STO to a 1 and 


0, respectively, to indicate an invalid command. 


If the FDD is in a not ready state at the beginning of the com- 
mand execution phase or during the Seek operation, then the 
MFDC sets the Not Ready (NR) flag in STO to a 1, sets STO bits 
7 and 6 to 0 and 1, respectively, and terminates the command. 


If the time to write the three bytes of the Seek command exceeds 
150 из, the time between the first two step pulses may be shorter 
than the Step Rate Time (SRT) defined by the Specify command 
by as much as 1 ms. ШЕ, i | Ё 


Соттапа Рһаве: 


‚ New Track Number (МТМ) 


Result Phase: None. 


RECALIBRATE 


This two-byte command retracts the FDD read/write head to the 
Track O position. The MFDC clears the contents of the PTN 
counters, and checks the status of the Track 0 signal from the 
FDD. As long as the Track 0 signal (TRKO) is low, the direction 
signal (LCT/DIR) output remains low and step pulses are issued 
on FR/STP. When ТАКО goes high the МЕРС sets the Seek End. 
(SE) flag in STO to a 1 and terminates the command. If the TRKO 
is still low after 256 step pulses have been issued, the MFDC 
sets Seek End (SE) and Equipment Check (EC) flags in STO to 
15, sets bits 7 and 6 of STO to 0 and 1, respectively, and termi- 
nates the command. . г. 


The ability to do overlap Recalibrate commands to multiple FDDs 
and the loss of the RDY signal, as described in the Seek com- 
mand, also applies to the Recalibrate command. 


Command Phase: 
| RW вие? |6 |5 |4]3 | 2 | 1 [ 0 | 

w | 1 |о|ојојојојл|л | 1 
| 2 |х|х |х | |х|о [ust | uso | 


Result Phase: None. 
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SENSE INTERRUPT STATUS 


Interrupt. Request (ІМТ) is. asserted by the MFDC when any of 
the following conditions occur: 


реч 


. Upon entering the result phase of: 
. Read Data command 
. Read a Track command 
. Read ID command 
. Read Deleted Data command 
. Write Data command 
Format a Track command 
. Write Deleted Data command 
. Scan commands | 
. Ready (RDY) line from the FDD changes в state _ 
. Seek or Recalibrate command termination 


4. During execution phase in the Non-DMA mode 


зоосоо со 


о N 


INT caused by reasons 1 апа 4 above occur during normal 
command operations and are easily discernible by the processor. 
During an execution phase іп Non-DMA mode, bit 5 in the MSR | 
is set to 1. Upon entering result phase this bit is set to 0. Reasons 

1 and 4 do not require the Sense Interrupt Status command. 
The interrupt is cleared by reading or Writing data to MFDC. Inter- 
rupts caused by reasons 2 and 3 are identified with the aid of 
the Sense Interrupt Status command. This command resets INT 
and sets/resets bits 5, 6, and 7 of STO to identify the cause of 
the interrupt. Table 7 defines the seek and interrupt codes. 


Neither the Seek or Recalibrate command has a result phase. 
Therefore, it is mandatory to use the Sense Interrupt Status 
command after these commands to effectively terminate them 
and to verify where the head is. positioned ay checking the 
Present Track а ET | 


Issuing a Sense Interrupt Status command without an interrupt 
pending is treated as an invalid command: 


Command Phase: | 


Result Phase: 


ка Status Register 0 (STO) 
ШЕШ Present Track Number (РТМ) 
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SPECIFY 


The three-byte Specify command sets the initial values for each 
of the three internal timers: The Head Unload Time (HUT) defines 
the time from the end of the execution phase of one of the 
read/write commands to the head unload state. This timer is pro- 
сата p» 16to 240 ms in increments of 16ms(1 = 16 тв, 
2 = 32 т5,. = 240 ms). 


The Step Rate Time (SRT) defines the time interval between 

adjacent step pulses. This timer is programmable from 1 to 16 

ms in increments of 1 ms (Е = 1ms,E = 2 ms, D = 3ms,... 
= 16 тв.) 


The Head Load Time (HLT) defines the time between the Head 
Load (HDL) signal going high and the start of the read/write 
operation. This timer is programmable from 2 to 254 ms in 
increments of 2 ms (01 = 2 ms, 02 = : 4 ms, 03 = 6ms,... 
ТЕ = 254 ms). 


The time intervals are a direct function of the clock (CLK on 
pin 19). Times indicated above are for an 8 MHz clock. If the clock 
is reduced to 4 MHz (mini-floppy application) then all time inter- 
vals are increased by a factor of two. 


The choice of DMA or Non-DMA ЛЕТЕТИ is made by the Моп- 
ОМА mode (ND) bit. When this bit = 1 the Non-DMA mode is 
selected, and when ND - 0 the DMA mode is selected. 


command Phase: 


SRT — Step Rate Time 
HUT — Head Unload Time 
HLT — Head Load Time 
ND — Non-DMA mode 


Result Phase: None. 


Table 7. ‘STO Seek and Interrupt Code Definition for Sense Interrupt Status 


. Status a дала 0 (STO) Bits 


|. «interrupt Code (IC) | Seek End (SE) 


RDY line changed state, either polarity 
Normal termination of Seek or Recalibrate command 


BUE СИНЕ ТЕКЕ наста 
pu. ТЕГЕ e seu ÉL 
BD БН AR ЖЕШ ЗС РЕДНИК NE а 
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Abnormal termination of Seek or Recalibrate command а 
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SENSE DRIVE STATUS 


This two-byte command obtains and reports the status of the 


FDDs. Status Register 3 (ST3) is returned in the result phase 
and contains the drive status. 


Command Phase: | 


INVALID COMMAND 


If an invalid command (i.e., a command: not previously defined) 
is received by the MFDC, then the MFDC terminates the com- 
mand after setting bits 7 and 6 of STO to 1 and 0, respectively. 
The MFDC does not generate an interrupt during this condition. 


Bits 6 and 7 (DIO and RQM) in the MSR are both set to a 1 


indicating to the processor that the MFDC is in the result phase 


and that STO must be read. A hex 80 in STO indicates that an 


| invalid command was received. 


A Sense Interrupt Status command must be: sent after a Seek 
or Recalibrate interrupt, otherwise the MFDC considers the next 
command to be an invalid command. | 


іп зоте applications the user may wish to use this command | 


as a No-Op command, to place the MFDC in a standby or no 
operation state. | 


_ Command Рһаве: 


С вм [вме т [в [в [|2 т] о | 
w | 1 | invalid Codes || 


1 Invalid Codes 


Result Phase: "LX 2 
[в Тот [ Status поет | 
PROCESSOR INTERFACE 


During the command or result phases, the Main Status Register 
(MSR) must be read by the processor before each byte of infor- 
mation is transferred to, or from, the MFDC Data Register. After 


. . each byte of data is written to, or read from, the Data Register, 


the processor should wait 12 us before reading the MSR. Bits | 


6 and 7 in the MSR must be a 0 and 1, respectively, before each 
command byte can be written to the MFDC. During the result 
phase, bits 6 and 7 of the MSR must both be 1s prior to reading 


Micro Floppy Disk Controller (MFDC) 


bytes must be read to successfully complete the Read Data 
command. The MFDC will not accept a new command until all 
seven bytes. have been read. Other commands may require 
fewer bytes to be read during the ІЗІН рһаве. 


INTERRUPT REQUEST MODE 


During the execution phase, the МӘН need not 7 read. The 
receipt of each data byte from the FDD is indicated by INT high 
оп pin 18. When the MFDC is іп Non-DMA mode, INT is asserted 
during the execution phase. When the MFDC is in the DMA 


mode, INT is asserted at the result phase. The INT signal is reset 


by a read (RD low) or write (WR low) of data to the MFDC. 
A further explanation of the INT signal is described in the Sense 
Interrupt Status command on page 16. If the system. cannot 
handle interrupts fast enough (within 13 из for МЕМ mode Or 
27 us for FM mode), it should poll bit 7 (ROM) in the MSR. In 


-this case, ROM іп the MSR functions as an Interrupt Request 


(INT). If the ВОМ bit is not set, the Over Run (OR) flag т ST1 
will be set to a 1 and bits 7 and.6 of STO will be set to a 0 and 


vss respectively. 


DMA MODE 


_ When the MEDC is in the DMA mode (ND = 0 in the third 


command. byte of the Specify command), ОВО (DMA Request) 


15 asserted during the execution phase (rather than INT), to 


request the transfer of a data byte between the data bus and 


the MFDC. 


During a read command, the MFDC asserts DRQ as each byte 
of data is available to be read. The DMA controller responds 
to this request with DACK low (DMA Acknowledge) and RD low 
(read). When DACK goes low the DMA Request is reset (DRQ 
low). After the execution phase has béen completed (TC high 
or the EOT sector is read), INT is asserted to indicate the begin- 
ning of the result phase. When the first byte of data i is read during 
the result phase, INT is reset low. | 


. During a write command, the MFDC asserts DRQ as each byte 


of data is required. The DMA controller responds to this request 
with РАСК low (ОМА Acknowledge) and WR low (write). 
When DACK goes low the DMA Request is reset (DRQ low). After 
the execution phase has been completed (TC high or the EOT 
sector is written), INT is asserted. This signals the beginning 
of the result phase. When the first byte of data is read during 
the result phase, the INT is reset low. 


FDD POLLING 


After the Specify command as been received by the MFDC, 
the Unit Select lines (050 апа 051) begin the polling mode. 


. Between commands (and between step pulses in the Seek 


each byte from the Data Register onto the data bus. Note that | 


this status reading of bits 6 and 7 of the MSR before each byte 
transfer to and from the MFDC is required in only the command 
and result phases and not during the execution phase. 


During the result phase all bytes shown in the result phase must 
be read by the processor. The Read Data command, for 
example, has seven bytes of data in the result phase. All seven 
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· Command) the MFDC polls all the FDD's looking for a change 


in the RDY line from any of the drives. If the RDY line changes 
state (usually due to the door opening or closing) then the MFDC ` 
asserts INT. When Status Register 0 (STO) is read (after Sense 
Interrupt Status command is issued), Not Ready (NR = 1) will 
be indicated. The polling of the RDY line by the MFDC occurs 
continuously between commands, thus notifying the processor 
which drives are on- or off-line. Each drive is polled every 
1.024 ms except during read/write commands. 


Rex5 — Мего Floppy Disk Controller (МЕОС) - 


DATA IN/OUT 
(DIO) | pies | да 
. (MSR ВІТ 6) FROM DATA BUS TO MFDC | 
REQUEST DIM | 
FOR MASTER 
(РОМ) | 
(MSR BIT 7) 


FROM MFDC TO DATA BUS 


WRITE (WR) 


READ (RD) 


NOTES | 
DATA REGISTER READY TO BE WRITTEN INTO ГС | DATA REGISTER READY FOR NEXT DATA BYTE TO BE READ 
DATA REGISTER NOT READY TO BE WRITTEN INTO [0 | DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE'READ 


Figure 3. MFDC and System Data Transfer Timing - 
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MEMORY 


Figure 4. R6265 MFDC Interface to Z-80 


READ DATA | 


- WRITE DATA 


WRITE PROTECT _ 
TWO-SIDE 


.FAULT ..— 


‘FAULT RESET. à 


STEP .. 
LOW CURRENT 
DIRECTION 


— READY | 


—+ HEADSELECT 


UNIT SELECTO | 
UNIT SELECT 1 


69298 


(оази) зепоциоо жа Хадоја о: "m к —— 


АО, CS, DACK 


DATA OUT 
00-07 


до, CS, РАСК 


DATA IN - 
D0-D7 


INT 


- Figure 7. Write Cycle Timing — 
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R6265  . | | 29 | .. Micro Floppy Disk Controller (MFDC) 


. DACK | 


WR OR RD 


‘WRITE CLOCK 


|. (WCK) 6) 


WRITE ENABLE 
(МЕ) 


PRESHIFT 0 OR 1 
(Р50, Р51) 


WRITE DATA 
(WDA) 


Figure 9. FDD Write Operation Timing 


READ DATA (RDD) 


READ DATA WINDOW (RDW) 


. NOTE: | 2 
EITHER POLARITY DATA WINDOW IS VALID 


Figure 10. FDD Read Operation Timing 
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USO, US1 | STABLE 


__ SEEK 
(RW/SEEK) 


DIRECTION 
(LCT/DIR) 


STEP 
(FR/STP) 


FAULT RESET 
FR) 
Figure 12. Fault Reset Timing 


TERMINAL COUNT 
US ecd | | 


— ге 


Figure 14. Terminal Count Timing 


_ TEST POINT 


INPUT/OUT 


2 
ызы 2.0V ^ / 2.0V 


045у-/ Хову 0.8 Екен О озу А | mE 
INPUTS ARE DRIVEN АТ 2.4V FOR А LOGIC “1” AND 0.45 V FOR CLOCKS ARE DRIVEN AT 3.0V FOR A LOGIC “1” AND 0.3V FOR A 
|. A LOGIC “0” TIMING MEASUREMENTS ARE MADE АТ 2.0V FOR LOGIC “0!” TIMING MEASUREMENTS ARE MADE АТ 2.4V FOR А 
A LOGIC “1” AND 0.8V FOR A LOGIC “0: LOGIC “1” AND 0.65V FOR A LOGIC “0” 


Figure 16. АС Timing Measurement Conditions 
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AC CHARACTERISTICS 
(Voc = 5.0 Мас £596, Vss = 0 Мас, Тл = 0°C to 70°C) 


Ref. р . 
[1 | СюкРеюа |5 | Феу | 120 | 125 | 50 | 
| 2 | Clock High, Бом Width |А | do | 4 | 625 | — | 
| 8 | ClockRiseTime — |он)|Ф | — | — | 2 | 
| 4 [ClckFalTim — — — — — |о()Ф | — | — | 29 / 
| 5 | АО, CS, DACK Valid to RD Low (Setup) __ | tum | ма | о | — | | 
RD High to А0, CS, РАСК Invalid (Hold) ^ — | tasu | ta | о | — | - | 
| 7 |RDtowWidh | | ба | 25 | — | — | 
[8 | RD Low to Паја Valid (Access) ыу | tg | — | 20 |). ор 
| 9 |RDHightoOuputHighZ —  — — [| на | ње | 2 | — | то [в | P 
| 10 | RDHightoINTHigh — — — — — — | ин | | — | — | 50 | ms | 


| ^ | A0, CS, БАСК Valid to WR Low (Setup) — — | бум | tw | 0 | — | [№ 
| 12 | WR High to А0, CS, DACK Invalid (Hold) — — | twi | tw | о | — | — Ín] 


| 13 | WRLowWidth — -  .— Тин | ми | æ | — | — |n. 
| 14 | Data Valid to WR High (Setup) tww | low | 150 | — | — | ns | 
7 WR High to Data Invalid (Hold) | мих | мо |] 5 | — | [| 
WA High to INT High мнн | мм | — | — | 50 |n _ 
|17 | ОАО Cycle Time | | twv | 13 | — | — |” 
| 18 | ОВО High to RD, WA High (Response) | tonxn | tww | — | — | 12 |44. 

| 19 | БАСК Low to DRQ Low (Delay) —  — — | ма | мм | — | -— | 200 | ns |ак=вмнг 
| DRQ High to АС Low (Delay) |ош| ма | 80 | — | — [а | 
EJ DRQ High to WA Low (Delay) | юни | ми | 250 | — | — | ns | 
| 21 | WCK Cycle Time > — — — |м | ку | - | met] — |. 
| 22 | WCKHigh Width | fw, | о | 80 | 250 | 350 | в 
| 23 | wCKRiseTime o — — — [| кин | t | — [| -— | 29 |! 
| 24 |WCKFalTim — — — — — — — | tw | им | — | — | æ | тв 
| 25 | WCK High to PSO, PS1 Valid (Delay) |у | te | 20 | — | 100 | ms | 
| 26 | PS0, PS1 Valid to WDA High (Delay) | он | to | 20 | — | 100 | ms | 
| 27 | WDA High Width — — — — ' — | bm | two  |lwu-50| — | — [№ 
| 28 | WE High to WCK High or WE Low to WCK Low | teu | Ме | 20 | | 100 | ns | 
| 30 | RDW Cycle Time м | twv | — | nee | — | s | 
| 81 | ROW Valid to RDD High (Setup)  — — Мин | two | 15 | — | || 
tm | tow | 15 | — | раз | 
| fad | tao | 4 | — | — | ns | 
t __12 | — | - | „| 
| бил | ty | 15 | [| — j| 
| tsp | _— | = ds | 

| tos | a See 
__- | — [s | | 

t __- |_- Ls | 
__- | =- [es | 
__7 | — | „а! 
| notes | ys | 


2: Рог MFM = 0: Тур. = 2 из 

Рог MFM = 1: Тур. = 1 ys | 
3. кс = 33 as min. is for different drive units. In the case of the same unit, 
tsc can range from 1 ms to 16 ms with 8 MHz clock period. 
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ABSOLUTE MAXIMUM RATINGS* 


еее [Symbol | мые иш: 


OPERATING CONDITIONS 


Voc Power Supply 5.0V +5% 
Operating Temperature 09С to 70°С 


*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. - 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods. may affect 
device reliability. 


DC CHARACTERISTICS 
(Усс = 50 Мас i596, Vss = 0 Мас, ТА = 0°C to 70°C, unless otherwise noted) 


__ mmm — [mea | wm | м 


Input Low Voltage 
Logic 
CLK and WCK 


Test Conditions | 


| um 


Усс = 4. 75М, lo, = 2.0 тА 
Voc = | 4. 75V, lon = —200 pA 
Усс = 

ү 


Input High Voltage 
Logic 
CLK and WCK 


Output Low Voltage | Мао 
Output High Voltage | Мон 
Усс Supply Current = 


Input Load Current 
All Inputs 


Internal Power Dissipation | Рт | -— | 


САРАСІТАМСЕ 
(TA = 25°C; f, = 1 MHz; Мос = OV) 


(mu [| C | о ^F. 
_ оти | Сол | 2 |р 
Note: АН pins except pin under test tied to ground. 


4.75V 
Мес = 0V to 5; 25М, Vss = OV 
Vour = Vcc 


Мес = oV to 5.25V, Vss = OV 
= = +0.45\ 
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R6265  . Бан Micro Floppy Disk Controller (MFDC) 


PACKAGE DIMENSIONS. 
40-PIN CERAMIC DIP | 


Ж MILLIMETERS| INCHES | 
| MIN | MAX | MIN [.MAX | 


ULL шщ / 


40-РІМ PLASTIC DIP 


| 79 | 109 | 
EN oar 132 [8025 | 0945 - 
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|. R6765 _ | 
.DOUBLE-DENSITY FLOPPY DISK 
CONTROLLER (DDFDC) 


PRELIMINARY 


DESCRIPTION 


The R6765 Double-Density Floppy Disk Controller (DDFDC) 
interfaces up to four floppy disk drives to an 8-bit or 16-bit 
microprocessor-based system including 2-80, 8080А, 8085A, 
8086, and 8088. The DDFDC simplifies the system design by 
minimizing both the number of external hardware components 
and software steps needed to implement the floppy disk drive 
(FDD) interface. Control signals supplied by the DDFDC reduce 
the number of components required in external phase locked 
loop and write precompensation circuitry. Memory-mapped 
registers containing commands, status and data simplify the soft- 
ware interface. Built-in functions reduce the software overhead 
needed to control the FDD interface. The DDFDC supports both 
the IBM 3740 Single-Density (FM) and IBM System 34 Double- 
Density (MFM) formats. 


The DDFDC interfaces directly to the synchronous microproces- 

sor bus and operates with 8-bit byte length data transferred оп 
the bus in either DMA or non-DMA mode. In DMA mode, the CPU 
need only load the command into the DDFDC and all data 
transfers occur under DMA control. The R6765 is directly com- 
patible with the 28410/РО8257 Direct Memory Access Controller 
(ОМАС). in non-DMA mode, the DDFDC generates an interrupt 
to the CPU indicating that a byte of data is available. 


Controller commands, command or device status, and data are 
transferred between the DDFDC and the CPU via six internal 
registers. The Main Status Register (MSR) stores the DDFDC 
status information while four additional status registers provide 
result information to the CPU following each controller command. 
The Data Register (DR) stores actual disk data, parameters, con- 
troller commands and FDD status information for use by the CPU. 


. The R6765 executes 15 separate multi-byte commands: - 


Read Data Specify — 

Write Data | Format a Track . — 
Read Deleted Data Scan Equal 

Write Deleted Data Scan High or Equal | 
Read a Track Scan Low or Equal. 
Read ID ? са Sense Interrupt Status 
Seek | Sense Drive Status 
Recalibrate (Restore to Track 0) 


Document No. 29651N71 


FEATURES 


е Address mark detection circuitry 

• Software control of 
—Track stepping rate 
—Head load time 
—Head unload time 

е IBM compatible in both single- and double-density recording 
formats 

e Programmable data record lengths: 128, 256, 512, 1024, 2048, 
4096 or 8192 bytes/sector 

е Multi-sector and multi-track transfer capability 

• Controls up to four floppy disk drives 

• Data scan capability—will scan a single sector or an entire 
track of data fields, comparing on a byte-by-byte basis data 
in.the processor’s memory with data read from the disk 

• Data transfers in DMA or non-DMA mode 

e Parallel seek operations on up to four drives 

e Directly compatible with an 8-bit or 16-bit synchronous 
microprocessor bus including Z-80/8080A/8085A, 8086, and 
8088 | | 

« Replacement (ог МЕС „РО765А and Intel 8272 

• Single phase 4 or 8 MHz Clock 


• Single +5 Volt Power Supply 


ORDERING INFORMATION 


Temperature Range 


Part Number 
R6765 - 


| CLK Frequency: 


5 = 4 МН2 
Blank = 8 MHz 


09С to 70°С 


Package: 
P = Plastic 
C = Ceramic 


Product Description Order No. 2168 
Rev. 1, March 1984 


R6765 


~ ASYNCHRONOUS: 
BUS 
INTERFACE 


БМАС 
INTERFACE 


Figure 1. 


PIN DESCRIPTION 


Throughout this document signals are presented using the terms 
active and inactive, or asserted and negated, independent of 
whether the signal is active in the high-voltage state or low- 
voltage state. (The active state of each logic pin is described 
below.) Active low signals are denoted by a superscript bar. 


BUS INTERFACE 


DO- D7—Data Lines. The bidirectional data lines transfer data 
between the DDFDC and the 8-bit data bus. 


CLK—CLOCK. The clock is a TTL compatible 4 or 8 MHz square 
wave signal. 


RST—RESET. This active high input places the DDFDC in the 
idle state and resets the output lines to the floppy disk drive 
(FDD) to the low state. 


CS—Chip Select. The DDFDC is selected when the CS input 
is low. 


A0—Data/Status Register Select. This input selects the Data 
or Status Register for reading from or writing to. When AO = 
high, the Data Register is selected and the state of RD or WR 
determines whether it is a read (RD = low) or a write (WR = low) 
operation. When А0 = low, the Status Register is selected. This 
register may only be read (RD = low); the state WR = low is 
invalid when the Status Register is selected. | с; 
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RDW 
RDD 
усо 
WCK 
МОА 


^^ FDD 7 
SERIAE. - 
DATA 
INTERFACE 


WE 
Р50-Р51 


WP/TS 
FLT/TRKO - 
С LCT/DIR. 
FR/STP | 
RW/SEEK 
но. ` 
|^ HD | 
50 — 
UST. 
МЕМ ^ 


FDD 
STATUS: 
.] INTERFACE 


DDFDC Input and Output Signals | 


INT—Interrupt Request. This active high output is the interrupt 
request generated by the DDFDC to the CPU. INT is asserted 
upon completion of some DDFDC commands and before a data 
byte is transferred between the DDFDC and the data bus Шыр іһе 
Non-DMA mode). · 


RD— Read. This active low input defines the data bus transfer 
as a read cycle. When low, the data transfer is from the DDFDC 
to the data bus. | 


WR—Mrite. This active low input defines the data bus transfer 
as a write cycle. When low, the data transfer is from the data bus 
to the DDFDC. | 


DIRECT MEMORY ACCESS CONTROLLER 
(DMAC) INTERFACE 


DACK—DMA Acknowledge. The DMA transfer acknowledge 
signal is a TTL compatible input generated by the DMA controller 
(DMAC) controlling the DDFDC. The DMA cycle is active wher 
DACK is low and the DDFDC is performing a DMA transfer. 


DRQ—Data DMA Request. The transfer request signal is a TTL 
compatible output generated by the DDFDC to request a data 
transfer operation under control of the DMAC (in the DMA mode). 
The request is active when DRQ - high. The signal is reset 
inactive when DMA Acknowledge (DACK) is asserted (low). 


| 96765 __ иа 


: ~Double-Density Floppy Г Disk Controller ООРОО) | 


TC—Terminal Count. This input signal is issued to the DDFDC 
. when the DMA transfer for a channel is complete. The signal 


is active high concurrent with the. DACK input when. the ОМА | 


operation is complete . as a result of that ле а 


FDD SERIAL DATA INTERFACE 


RDD—Read Data. Read Data input from the ору disk drive 
(FDD) containing clock and data bits. | 


RDW—Read Data Window. Data Window input. йлы Өй іһе 
Рћазе |оскед Loop (PLL) and used to sample data from the FDD. 


| VCO—Varlable Frequency Oscillator Sync. This output signal 

inhibits the VCO in the PLL circuit when low and enables the 
VCO in the PLL circuit when high. This inhibits RDD and ROW 
from being generated until valid data is detected trom the FDD. 


WCK—Write Clock. This input clock determines the Write Data 
rate to the FDD. The data rate is 500 KHz in the FM mode (MFM 

= low) and 1 MHz in the MFM mode (MFM = high). The pulse 
width is 250 ns (typical) in both modes. 


WDA—Write Data. Serial write data output to the FDD contain- 
ing both clock and data bits. 


WE—Write Enable. This output signal enables mg Write Data 
into the FDD when high. 


PS0-PS1—Preshift. These outputs are encoded to convey write 
compensation status during the MFM mode to determine early, 


late or normal times as follows: 
Preshift Outputs 


Write Precompensation Statue 


Normal 
Late 
Early 
Invalid 


0 = Low, 1 = High ` 


FDD STATUS INTERFACE 


RDY—Ready. An active high input. signal indicaise the FDD в. 


ready to send data to, or receive data from, the DDFDC. 


IDX—Index. An active high input "m from the FDD indicates 
the index hole i is under the index sensor. Index | is used to aym: 
chronize DDFDC timing. 


RW/SEEK —Read Write/Seek. Mode selection signal to the FDD 

„which controls the multiplexer from the multiplexed signals. 
When RW/SEEK i 5 low, the Read/Write mode is commanded; 
when RW/SEEK is high, the Seek mode is от реза. 


WP, FLT, LCT, FR 
TS, ТАКО, DIR, STP _ 


Tx Active FDD Interface emm 


WP/TS—Write Protect/Two Side. An active high’ multipléked input 


signal from the FDD. In the Read/Write mode, WP/TS high indi- 


cates the media is write-protected. In the Seek mode, WP/TS high 


| indicates the media is two-sided. 


FLT/TRKO-—Fault/Track Zero. An асв high n ыдан input 


from the FDD. Іп the Read/Write mode (RW/SEEK = low), 
FLT/TRKO high indicates an FDD fault. In the Seek mode, 


FLT/TRKO high indicates that the read/write head i is positioned over | 


track ` Zero. 


LOTIDIR—Low С Current/Direction. А multiplexed output to the 


FDD. In the Read/Write mode, LCT/DIR is low when the read/write 
head is to be positioned over the inner tracks and the LCT/DIR 
is high when the head is to be positioned over the outer tracks. 
In the Seek mode, LCT/DIR controls the head direction. When 
LCT/DIR is high, thie head steps to the outside of the disk; when 
LCT/DIR is low, the head steps to the inside of the disk. 


FR/STP—Fault Reset/Step. A multiplexed output to the FDD. In 
the Read/Write mode, FR/STP high resets the fault indicator in 
the FDD. An FR pulse is issued at the beginning of each read 
or write command prior to issuing HDL. In the Seek mode, FR/STP 
provides the step pulses to move the read/write head to another 
track in the direction indicated by the LCT/DIR signal. 


HDL—Head Load. An active high output to notify the FDD that 
the read/write head should be loaded (placed in contact with the 
media). A low level indicates the head should be unloaded. 


мес 
| RWISEEK - 
—] LCT/DIR - 
| FR/STP 
HDL 
_БОУ_ 
WP/TS 
FLT/TRKO 
— Р500 
1 Pst’ 
WDA 
7 uso 
] US1 
нр | 
MFM 
1 vco 


‚ о о-у о т ь ою - 


10 
11 
12 

13 
UE 

15 


- = -4 А 
оо чо 


N 
e 
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"Double-Density Floppy Disk Controller (DDFDC). 


HD—Head Select. An output to the FDD to select the proper 
read/write head. Head One is selected when HD = ‘high and Head 
Zero is зебре when HD - low. : 


US0-US1—Unit Select. Output ы for dy disk drive selec- 


tion as follows: 


Unit comm | Floppy Disk 


Drive Select — | 


MFM—MFM Mode. Output signal to the FDD to indicate MFM 
or FM mode. Selects the pis mode when MFM = high and the 
FM mode when МЕМ = 


VCC—Power +5У йс. ^ 


GND— Ground (Vss). 


мо 


К CN | 
00-07 BUFFERS |“ 2 


CONTROL 


eo 
23 
a i 
- 
« 
= 
с 
ш 
= 


= KA INTERFACE 
CONTROL 


DDFDC REGISTERS 
The DDFDC contains. six. registers which may be accessed by 


.the. processor or DMA controller via the system (i.e., micro- 


processor) bus:a Main Status Register, a Data Register, and four 
Result Status Registers. The 8-bit Main Status Register (MSR) 
contains the status information of the DDFDC, and may be 
accessed at any time. The 8-bit Data Register, consisting of 
several registers in a stack with only one register presented to 
the data bus at a time, stores data, commands, parameters and 
FDD status information. Bytes of data are read out of, or written 
into, the Data Register in order to initiate a command or to obtain 
the results ofa command execution. 


The сата Маіп Status: Register facilitates the transfer of data 


-between the system and the DDFDC: The other Status Registers 


. (STO, ST1, ST2 and ST3) are only available during the result 


| phase, and may be read only after completing a command. The 


particular command which has been executed determines how 
many of. the Status ағаны ща Бе read. | | 


RDW 
RDD 
усо 


SERIAL 


READ 
CONTROL 


WCK 
WDA 

WE 

Р$0, PS1 


SERIAL 


RDY 
IDX - 
ИДЕ 


ОНІУЕ | FLT/TRKO 


LCT/DIR 
_РА/ЗТР 
RW/SEEK 
HDL 
HD 
Uso 
52 
MFM 


Figure 2. DDFDC Block Diagram 
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The relationship between the status/data registers and the WR, | - 


RD and. А0 signals is shown below. 


Read | Main Status Register 

Illegal 

Illegal | 
Read from Data Register- 


0 = Low, 1 = High 


Table 1 shows each of the status registers used by the DDFDC 
and each bit assignment within the individual registers. Table 2 
defines the symbols used throughout the command definitions. 
Each register bit symbol is defined in the oe descriptions 
that follow Table 2. | 


REGISTER DEFINITIONS 

Main Status Register (MSR) - | 
ре Гира ЕГ Ж БЕРИ ШГАР 
БЛОК ЫЕ НА АК TENER 


The Main Status Register (MSR) contains the status information 


of the DDFDC, and must be read by the processor before each 
byte is written:to, or read from, the Data Register during the сот- 
mand or result phase. MSR reads are not required during the · 


execution phase. The Data Input/Output (DIO) and Request for 


Master (ОМ) bits in the MSR indicate when data is ready and 


in which direction data will be transferred on on the data bus. The 
maximum time between the last RD or WR during command 


or result phases and the DIO and ROM getting set or reset is > 


12 us. For this reason, every time the MSR is read the processor 
should wait 12 из. The maximum time from the trailing edge of 
the last RD in the result phase to when bit 4 (PORDE Busy) 
goes low is also 12 ys. | 


The DIO and НОМ timing chart is shown in Figure 3. 


MSR | | B 
7 НОМ -—Request for Master. 
0 ‘Data Register is not ready. 

1 Data Register is ready. 


| 6 ПО. _ —Data Input/Output. | 
0 Data transfer is from system to the Data Register. 
1 Шаа transfer is from Data Register to the system. 


5 EXM  —Execution Mode. (Non-DMA mode only). 
0 Execution phase ended, result prapa begun: 
1 Execution phase started. 


4 СВ —Controller (DDFDC) Busy. 
0 DDFDC is not busy, will accept a command. 
1 .DDFDC is busy, will not accept a command. 
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Write into Data Register >- |. 


| STO. 


MSR -— px | | 
з D3B —Floppy Disk Drive (FDD) 3 Busy. 
0 FDD 3 is not busy, DDFDC will accept read or write 


command. 
1 FDD 3 is busy, DDFDC will not accept read or write 
. command. — 
MSR 
2 D2B —FDD 2 Busy. 
0 РОО 2 is not busy, DDFDC will accept read. ог write | 
command: ` 
1 РОО 2 is busy, DDFDC will not accept téad с ог write 
command. 


SR | 

1 018  —FDD 1 Busy. 

0 FDD 1 is not busy, DUFDS: will есер! геад ог write 
command. 

FDD 1 is busy, DDFDC will not accept read or write 
command, 


MSR 
"0 DOB  —FDD 0 Busy. 
0 


FDD 0 is not busy, DDFDC will м read or write 
command. | к. 

1 FDD 0 is busy, DDFDC will not accept read or write 
command. — 


.. Status Register 0 (STO) 


_ The Status Register 0 (STO) as well as the other status registers 


(ST1-ST3), are available only during the result phase, and may 
be read only after completing a command. The particular com- 
mand executed determines which status registers are used and 
may be read. | 


STO 


7 6 IC  —Interrupt Code. 


00 Normal Termination (NT). Command was properly exe- 
-cuted and completed. Ж 
0 1 Abnormal Termination (AT). Command execution was 
| started, but was not successfully completed. 


.1 0 Invalid Command (IC). Received command was invalid. 
001 1 Abnormal Termination (AT). The Ready (RDY) signal 


„Кот. the РОО changed state during command 
execution. ~ | | 


5 SE —Seek End. 
0 Seek command is not completed. 


(3 Seek command completed by DDFDC. 


STO ои я 
4 ЕС —Equipment Check. 
0 No error. к | | 
1 Either a fault signal is received from the РОО or the track 


‚ О signal failed to оссиг after 256 step pulses (Recalibrate 
кота) 
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Table 1. DDFDC Status Register Bit Assignments — 
ара чи: Ви Number 


. Main Status Register (MSR) _ 
` Status Register 0 (STO) 


г Status Register 1 (ST1) 
Status Register 2 (572) | 
. Status Register 3 (573) | 


| Таые 2. | Command Symbol Description 


| Symbol | _ .- Name Et i M . Description 
· Controls selection of Main Status Register (AO = low) ог Data Register (AO = high). 
| D . | Daa | The data pattern which is going to be written into a sector. WE m5 


8-bit data bus, where DO is the least significant data line and 07 is the most significant data line. 
. . b: When N is defined as 00, DTL is the number of data bytes to read from or write into the sector. 


“БОТ. Епа о Track - "The final sector number on а track. During read or write operation, the DDFDC stops data transfer. 
UL after reading from or writing to the sector equal to ЕОТ. T у | | i 
GPL Gap Length — The length о! Gap 3. During read/write commands this value determines the number of bytes that the: 


VCO will stay low after two CRC bytes. During the Format a Track command it determines the size of 
Gap 3. MOM i "un LET 
Head number 0 or 1, as specified in ID field. | 

A selected head number 0 or 1 which controls the polarity of pin 2 
The head load time in the FDD (2 to 254 ms in 2 ms increments). 
The head unload time after a read or write operation has occurred (16 to 240. ms in 16 ms increments). | 


FM or MFM Mode When МЕ = 0, FM mode is selected; and when МЕ = 1, MFM mode is selected. 
When MT = 1, a multi-track operation is to be performed. After finishing a read/write operation on side 


Multi-Track | 
| 0, the DDFDC will automatically start searching for sector 1 on side 1. 


Bytes/Sector _ The number of data bytes written in a sector. ти 


н [| Head Address. |. 
TIT 
HLT _ Head Load Time 


Head Unload Time 


7. (H = HD in all command words). | 


MT 

Non-DMA Mode When ND = 1, operation is in the Non-DMA mode; when МО. = 0, operation is in the DMA mode. 
NTN | New Track Number — | А new track number, which will be reached as a result of the Seek command: Desired head position. — 
PTN | ads 
ST 
SRT 


CES 
пет 
кт 
рт | Presen Track numer 
Mme 
Um — 
эт 
БАШ 


T 


he track number at the completion of Sense Interrupt Status command. Present head position. | 


The sector number to be read or written. | 
Either read (R) or write (W) signal. | 
| Бир. | Skip Deleted Data Address Mark. | E 


The stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate applies to all drives 
(Е = 1 тв, E = 2 ms, etc.) | | 


_ Step Rate Time | 


STO Status 0 ‘Four registers which store the status information after a command has been executed. This information 
ST1 Status 1 | is available during the result phase after command execution. These registers should not be confused 

| 572 Status 2 with the Main Status Register (selected by AO = low). STO-ST3 may be read only after a command has 
ST3 Status 3 been executed and contain information relevant to that particular command. | 


During a Scan command, if STP = 01, the data in contiguous sectors is compared byte by byte with data 
sent from the processor (or DMA controller); and if STP — 02, then alternate sectors are read and 


STP 

| Ei compared. ~ | | 
Track Number . | Thecurrent/selected track number of the medium (0-255). 
USO,US1 A selected drive number (0-3). | 


Sector Test Process 
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STO 
3 NR —Not Ready. 
0 FDD is ready. 
1 РОО is not ready at issue of read or write command. If 
a read or write command is issued to side 1 of a single- 
sided drive, this bit is also set. 


STO 
2 HD —Head Address. (At Interrupt). 
0 Head Select 0. 
1 Head Select 1. 


STO 

1 0 US —Unit Select. (At Interrupt). 
0 0 FDD 0 selected. 

0 1  FDD 1 selected. 

1 0 FDD 2 selected. 

1 1 FDD 3 selected. 


Status Register 1 (ST1) 


ЗАЕЛА ЕСИ ЕСИ ВОДА И ИИСИ КИ ЕГЕ 
не 


7 Е —Епа ог Track. 

0 No error. 

1 DDFDC attempted to access a sector beyond the last 
sector of a track. 


511 

6 —Not Used. Always Zero. 
ST1 

5 DE —Data Error. 


0. No error. 


1 . DDFDC detected а CRC error in ID field or the Data field. 


4 ОВ --Оуег Run. 
0 — Noerror. 


1 DDFDC was not serviced by the system during data 


transfers, within a predetermined time interval. 


571 | | Е 
3 —Not Used. Always Zero. 
ST1 
2 ND —No Data. 
0 No error. 


1 3 possible errors. 


1. DDFDC cannot find sector specified in ID Register 
during execution of Read Data, Write Deleted Data or 
Scan commands. 


2. DDFDC cannot read ID field without an error during | 


Read ID command. | 


3. DDFDC cannot find starting sector during execution 


of Read a Track command. 
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ST1 | 
1 NW —Not Writable. 
0 No error. | 
1  .DDFDC detected a write protect signal fr from FDD during 
| execution of Write Data, Write Deleted gigs or Format 
a Track commands. 
571 
0 МА —Missing Address Mark. 


0 No error. 
1 2 possible errors. 


1. DDFDC cannot detect the ID Ade Mark after 
encountering the index hole twice. 


2. DDFDC cannot detect the Data Address - ‘Mark ог _ 
Deleted Data Address Mark. Тһе MD (Missing Address 
Mark in Data field) of Status Register 2 is also set. | 


Status Register 2 (ST2) 


ST2 es 

7 —Not Used. Always Zero. 
ST2 

6 CM — Control Mark. . 


0 No error. 
1 DDFDC encountered a sector which contained a Deleted 
| Data Address Mark during execution: of a Read Data, 
Read a Track, or Scan command, or which contained a 
Data Address Mark during execution of a Read Deleted 
Data command. | 


ST2 
5 DD —Data Error іп Data Field. 
0 No error. 
1 DDFDC detected a CRC error in the Data field. 


4 —Wrong Track. 

0 No error. | 

1 Contents of T on the disk is different from that stored in 
IDR. Bit is related to ND (Bit 2) of Status Register 1. 


ST2 а. 

3 SH —Scan Equal Hit. 

0 No “equal” condition during a scan command. 

1 "Equal" condition satisfied during a scan command. 
ST2 

2 SN —Scan Not Satisfied. 


0 No error. 
1 DDFDC cannot find a sector on the track which meets 
the scan command condition. 


У 512 


ST2 
1 BT ваа Тгаск. 
20 Моветггог. | | 
-1.. Contents of T on the disk is difterent from that stored in 
«4 the IDR.and T. FF. Bit is Felsen to ND EON 2) of Status 
| ТЕЙ 1. 
20 MD —Missing. Address. Mark | in ‘Data Field. 


2 "Мо error. 
- DDFDC cannot find a Data Address Mark: or Deleted Data 
Е Мат LS a data tene from the disk. | 


| Status Register | (S73). 


Status ы 3 бтз)! holds the results sof the Sense Drive Status 
command. 


ST3 
ша RT. Fault. | | 
0 Fault (FLT) signal from the FDD is ; low. 


| | 1. . Fault (FLT) signal from the FDD is high. 


573 
6 МР. - мине Protect. DM 
0 Write Protect (WP) signal from the FDD is low. 


1 Write Protect (WP) signal from the FDD is high. 


ST3 
5 RDY Ready. 
о Ready (НОУ) signal from the FDD is low. 
t Ready (НОУ) signal from the РОО is high. | 


ST3 
4 ТАКО _ —Track 0. 
0 Track 0 (ТАКО) signal kom the FDD. is low. 
1 Track 0 (ТАКО) signal is Кот the FDD is high. 


ST3 
3 TS —Two Side. 
0 Two Side (TS) signal from the FDD is low. 
1 Two Side (Т Э) signal from the FDD is high. 


2 HD —Head Select. | 
0. Head Select (HD) signal to the Еро is low. 
1 Head Select (HD) signal to the FDD is high. 


1 ust _ пи Select 1. | | 
0 Unit Select 1 (061) signal to the FDD is low. 
1 Unit Select 1 (051) signal to. the FDD is high. 


0 USO —Unit Select 0. | uf 
О Unit Select 0 (USO) signal to Ше FDD is Sow: 
1 Unit Select 0 (051) signal tothe FDD is high. 


аня 
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COMMAND SEQUENCE 


The DDFDC is capable of performing 15 different commands. 
Each command is initiated bya multi-byte transfer of data from 
the system. After command. execution, the result of the command 
may be a multi-byte transfer of data back to the system. Because 
of this multi-byte transfer of information between the DDFDC and 
the system, each command consists of three phases: 


Command. Phase—The DDFDC receives all information 
required to perform a particuiar operation from the system. 


- Execution Phase—The DDFDC performs the instructed 


operation. | 


Result Phase—After КҮЛСІН e the operation, status and 
other housekeeping information are made available to the system. 


The bytes of data sent to the DDFDC to form a command, and 
read out of the DDFDC in the result phase, must occur in the 
order shown for each command sequence. That is, the command и 
code byte must be sent first followed Бу the other bytes in (һе. 
specified sequence. АН command bytes must be written and all 
result bytes must be read in each phase. After the last byte of _ 
data in the. command phase is received by the DDFDC, the. 
execution phase starts. Similarly, when the last byte of data is 
read out in the result phase, the command 15 ended and (ће 
DDFDC is ready to accept a new command. А соттапа:сап 
be terminated by asserting the Terminal Count (TC) signal to 


. the DDFDC. This ensures that-the. processor: can always get the | 


DDFDC’s attention even if the command in process тапа up 
in an abnormal manner. 


COMMAND DESCRIPTION 
READ DATA 


A command set of nine bytes places the DDFDC into the Read 
Data mode. After the Read Data command has been received 
the DDFDC loads the head (if it is unloaded), waits the specified 
Head Settling Time (defined in the Specify command), then begins 
reading ID Address Marks and ID fields from the disk. When the 
current sector number (Н) stored in the ID Register (IDR) matches 


. the sector nümber read from the disk, the DDFDC transfers data 


from the disk Data field to the data bus. 


After completion of the read operation from the current sector, 
the DDFDC increments the Sector Number (R) by one, and the 
data from the next sector is read and output to the data bus. This 
continuous read function is called a “Multi-Sector Read Opera- 


222 tion." The Read Command terminates after reading the last data 
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byte from sector А when В = 


EOT. STO bits 7 and 6 are set to 
0 and 1, respectively, and ST1 bit 7 (EN) is set to a 1. 


The Read Data command can also be terminated by a high 

Terminal Count (TC) signal. TC should be issued at the same 
time that the DACK for the last byte of data is.sent. Upon receipt 
of TC, the DDFDC stops outputting data to the data bus, but con- 


tinues to read data from the current sector, checks CRC (Cyclic ` 
. Redundancy Count) bytes, and then atthe end of that sector ter- 


minates the Read Data command and sets bits 7 and біп STO - 
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to 0. The amount of data which сап be handled with a single com- 
mand to the DDFDC depends upon MT (Multi-Track), MF 
(МЕМЈЕМ), and N (Number of Bytes/Sector) values. Table 3 shows 
the transfer capacity. 


The multi-track function (MT) allows the DDFDC to read data from 
both sides of the disk. For a particular track, data is transferred 
starting at sector 1, side 0 and completed at sector L, side 1 
(sector |. = last sector on the side). This function pertains to only 
one track (the same track) on each side of the disk. 


When М = 0 in command byte 6 (FM mode), the Data Length 
(DTL) in command byte 9 defines the data length that the DDFDC 
must treat as a sector. If DTL is smaller than the actual data 
length in à sector, the data beyond the DTL is not sent to the 
data bus. The DDFDC reads (internally) the complete sector, per- 
forms the CRC check, and depending upon the manner of com- 
mand termination, may perform a multi-sector Read operation. 
When N is non-zero (MFM mode), DTL has no meaning and 
should be set to FF. 


At the completion of the Read Data command, the head is not 
unloaded until-the Head Unload Time (HUT) interval defined in 
the Specify command has elapsed. The head settling time may 
be avoided between subsequent reads if the processor issues 
another command before the head unloads. This time savings 
is considerable when disk contents are copied from one drive to 
another. | и | | 


If the DDFDC detects the Index Hole twice in succession without 
finding the right sector (indicated in R), then the DDFDC sets the 
No Data (ND) flag in Status Register 1 (ST1) to a 1, sets Status 
Register O (STO) bits 7 and 6 to O and 1, respectively, and ter- 
minates the Read Data command. | 


After reading the ID and Data fields in each sector, the DDFDC 
checks the CRC bytes. If a read error is detected (incorrect CRC 
in ID field), the DDFDC sets the Data Error (DE) flag in ST1 to 
a 1, sets the Data Error in Data Field (DD) flag in ST2 to a 1 if 
a CRC error occurs in the Data field, sets bits 7 and 6 in STO 
to 0 and 1, respectively, and terminates the command. 
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If the DDFDC reads a Deleted Data Address Mark from the disk, 
and the Skip Deleted Data Address Mark bit in the first command 
byte is not set (SK = 0), then the DDFDC reads all the data in 
the sector, sets the Control Mark (CM) flag in ST2 to a 1, and 
terminates the command. If SK = 1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark and reads the next sec- 
tor. The CRC bits in the deleted data field are not checked when 
SK = 1. 


During disk data transfers from the DDFDC to the system, the 
DDFDC must be serviced by the system within 27 us in the FM 
mode, and within 13 ys in the MFM mode, otherwise the DDFDC 
sets the Over Run (OR) flag in ST1 to a 1, sets bits 7 and 6 in 
STO to 0 and 1, respectively, and terminates the command. 


If the processor terminates a read (or write) operation in the 
DDFDC, then the ID information in the result phase is dependent 
upon the state of the MT bit in the first command byte and the 
End of Track (EOT) byte. Table 4 shows the values for Track 
Number (T), Head Number (H), Sector Number (R), and Number 
of Data Bytes/Sector (N), when the processor terminates the 
command. | | 


Соттапа Рһаве: 


` бар Length (GPL) | 


Data Length (DTL) 


Table 3. DDFDC Transfer Capacity 


Multi-Track МЕМЈЕМ _ Bytes/Sector 
(MT) (MF) | (N) 


Maximum Transfer Capacity | Final Sector Read 
(Bytes/Sector) (Number of Sectors) | from Disk 


(128) (26) - 3,328 ши 26 at Side 0 | 
(256) (26) = 6,656 ог 26 at Side 1 
(128) (52) = 6,656 ке 
_ (056) (52) = 13,312 26 at Side 1 
(256) (15) = 3,840 15 at Side 0 
or 15 at Side 1 


(512) (15) = 7,680 


(256) (30) 7,680 ка | 


(512) (30) 
(512) (8) = 4,096 | 8 at Side 0 
(1024) (8) = 8,192 ‘or 8 at Side 1 


(1024) (16) = 16,384 


. the next sector. The DDFDC continues this multi-sector write 
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Table 4. DDFUC Свена Termination Values 


Command Phase ID. | | Б. | .. -. Result Phase ID . 


Final Sector Телата тга зе “бесі | No.of 
: to/from Data Виз. : T ess | Nu ~ Num · Data Bytes. 


. Less than EOT | 
_ Equal to EOT | 


1. NC (мо Change): The game value as the one at the beginning of command execution. 
2. LSB (onni Significant „Ви: The least significant bit of H is complemented. - 


Result Phase: іп one of ће ID fields, it terminates the Write Data command, 


СШ Status Register 0 (STO) | sets the DE flag in ST1 to a 1, and sets bits 7 and 6 іп STO to 
0 and 1, respectively: At, "S 

ЕСІН Status Register 1 (571) | 7% аа EN | 

ЕСІ Status Register 2 (572) Тһе Write Data comand operates in much the same manner 


as the Read Data command. Refer to the Read Data command 
for the handling of the following items: 


. Track Number (T) 


"m Head Number (H) ei. 
a «Transfer Capecty | 


Number of Data Bytes per Sector (N) | * End of Track (EN) flag 
: E * No Data (ND) flag 


е Head Unload Time (НОТ) interval | | 
• ID information when the processor terminates command 


WRITE DATA | (see Table 4) 

A command set of nine bytes places the DDFDC in the Write Data 7 Definition of Data Length (OTL) anon М = Оапа when М =.0 
mode. After the Write Data command has been received the | 

DDFDC loads the head (if it is unloaded), waits the specified Head In the Write Data mode, data transfers from the.data bus to the 
Settling Time (defined т the Specify command), then begins: DDFDC must occur within 27 us in the FM mode, and within 13 из 
reading ID fields from the disk. When the four bytes (T, H, В, М) in the MFM mode. If the.time interval between data transfers is 
loaded during the command match the four bytes of the ID field longer than this, then the DDFDC terminates the Write Data com- 
from the disk, the DDFDC transfers data from the data bus to _ mand, sets the Over Run (OR) flag in ST1 to a 1, and sets bits 
the disk Data field. 7 and 6 in STO to 0 and 1, respectively. 

After writing data into the current sector, the DDFDC increments $ Command Phase: 


the sector number:(R) by one, and writes into the Data field in 


mw [ere | ее ео 
ERI ASIE MM 
ЕЕЕ ЗЕСТ 
| 3 | Track ме | 
| 4 | Head Number Но 
| 5 | SectorNumber(A) — | 
[6 | Number of Data Bytes per Sector (N) | 
NUN 
5 
= 


| operation until the last byte is written to sector А when R = ЕОТ. 
STO bits 7 and 6 are set to 0 and 1, respectively, and ST1 bit 
7 (EN) is set to a 1. 


The command can also be terminated by a high on Terminal 
Count (TC). If TC is sent to the DDFDC while writing into the. 
current sector, then the remainder of the Data field is filled with | 
00 (zeros). In this case, STO bits 7 and 6 are set to 0 and the 
command is terminated. : 


Епа of Track (ЕОТ) 
Gap Length (GPL) | 
Data Length (ОТ) 


The DDFDC reads the ID field of each sector and M the 
CRC bytes. If the DDFDC detects a read error (incorrect CRC) 
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Result Phase: с 


eo 
ЕЕШЕСТТІГ ТІС: —— 
[4 [TexWmwQm — 
Ce esa Numer) 
PE: 


Sector Number (В) - к 


_ Number of Data Bytes per Sector (М) 


WRITE DELETED DATA 


The Write Deleted Data command is the same as the Write Data 
command except a Deleted Data Address Mark is written at the 
beginning of the Data field instead of the normal Data Address 
Mark. | 


Command Phase: — i 
[ mw | eve | je|sjeja 2| * 
т Імгімгіо јомјо[ о 


ЕШ 

EN 
[3 х х | рех |н 

Track Number (Т) ' 

а | нова ите — O 
Св | зво Number) 
ШЕШЕГТІЛТЕСІСІЛТГІСІСІГ ЕЕЕ 
ЖЕЛЕ 


-Data Length (ОТ) 


Result Phase: 


| 1 | Status Register 0 (STO) | 
ВЕЗЕ Status Register 1 (571) 

| 3 | Status Register 2 (572) 

Track Number (T) - 


Head Number (H) 


Sector Number (R) 


READ DELETED DATA 


The Read Deleted Data command is the same as the Read Data 
command except that if SK = 0 when the DDFDC detects a Data 


Address Mark at the beginning of a Data field, it reads all the 


data in the sector and sets the CM flag in ST2 to a 1, and then 
terminates the command. If SK = 1, then the DDFDC skips the 
sector with the Data Address Mark and reads the next sector. 


Gap Length (GPL) | 


Number of Data Bytes per Sector(N) | 
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Command Phase: "od 


nw | eye | 7 | e (5 | а 2 | 1 | | 

[ow |мгјме | До | | з | о [0 

e жх х Гек но Гови [шю] 
Track Number (Т) | 

ми Sector Number (Я). - | 

[6 | Number of Data Bytes per Sector (N) — | 

ТЕ 


Result Phase: 


READ A TRACK 


The Read a Track command is similar to the Read Data com- 
mand except that this is a continuous read operation where all 
Data fields from each of the sectors on a track are read and 
transferred to the data bus. Immediately after encountering the 
Index Hole, the DDFDC starts reading the Data fields as con- 
tinuous blocks of data. This command terminates when the 
number of sectors read is equal to EOT. Multi-track operations 
are not allowed with this command. | 


If the DDFDC finds an error in the ID or Data CRC check bytes, 
it continues to read data from the track. The DDFDC compares 
the ID information read from each sector with the value stored. 
in the IDR, and sets the ND flag in ST1 toa 1 if there is no match. 


If the DDFDC does not find an ID Address Mark on the disk after 
it encounters the Index Hole for the second time it terminates the 
command, sets the Missing Address Mark (MA) flag in ST1 to 
a 1, and sets bits 7 and 6 of STO to O and 1, respectively. 
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EXESESEIHEEICIES 
Head Number (H) і 
‘Sector Number (В) 


Number of Data Bytes per Sector (N) 
End of. Track (ЕОТ) 


Data Length (ОТ) — | 


Result Phase: 


BENECI CIIM 
Са | зам Regier во NN 
а | зам борда ва — _ 
ШЕШЕГІ: 1: БЕНЕН 
наети 
m 


Sector Number в 


.Number of Data Bytes per Sector (М) | 


READ ID. | 22 | 
The two-byte Read ID command returns the present position of 
the read/write head. The DDFDC obtains the value from the first 
ID field it is able to read, sets bits 7 and 6 in STO to O and ter- 
minates the command. 


If no proper ID Address Mark is found on the disk before the Index 
Hole is encountered for the second time then the Missing Address 
Mark (MA) flag in ST1 is set to a 1, and if no data is found then 
the ND flag in ST1 is also set to a 1. Bits 7 and 6 in STO are set 
to 0 and 1, respectively and the command is terminated. 


During this command there is no data transfer between DDFDC 
and the data bus except during the result pase 


Command Phase: 


Result. Phase: 


Status Register 0 (STO) | 
Status Register 1 (571) | | 


Сар Length (GPL) | 
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FORMAT А TRACK 


The six-byte Format a Track command formats an entire track. 
After the Index Hole is detected, data is written on the disk: Gaps, 
Address Marks, ID fields and Data fields; all are recorded in either 
the double-density ІВМ System 34 format (МЕ = 1) or the single- 
density IBM 3740 format (МЕ = 0). The particular format written 
is also controlled by the values of Number of Bytes/Sector (N), 
Sectors/Track (ST), Gap Length (GPL) and Data Pattern (D) which 
are supplied. by the processor during the command phase. The 
Data field is filled with the data pattern stored in D. 


The 10 field for each sector is supplied by the processor in 
response to four data requests per sector issued by the DDFDC. 
The type of data request depends upon the Non-DMA flag (ND) 
in the Specify command. In the ОМА mode (ND = 0), the DDFDC 
asserts the DMA Request (DRQ) output four times per sector. 
In the Non-DMA mode (ND = 1), the DDFDC asserts теп! 
Request (INT) output ou times per sector. 


The processor must write one data byte in response to each 
request, sending (in the consecutive order) the Track Number (Т); 
Head Number (H), Sector Number (А) and Number of Bytes/ 
Sector (М). This allows Ше disk to. be. formatted with non- 
1 sector numbers, if desired. | 2 


Тһе. processor must send т new values for T, H, А, and N to the 
DDFDC for each sector on the track. For sequential formatting 
R is incremented by one after each sector is formatted, thus, R 
contains the total numbers of sectors formatted when it is read 
during the result phase. This incrementing and formatting con- 
tinues for the whole track until the DDFDC, upon encountering 
the Index Hole for the second time, terminates the command and 
sets bits 7 and 6 in STO to O. 


If the Fault (FLT) signal is high from the FDD at the end of a write 
operation, the DDFDC sets the Equipment Check (EC) flag in STO 
to a 1, sets bits 7 and 6 of STO to 0 and 1, respectively, and ter- 
minates the command. Also, a low (RDY) signal at the beginning - 
of a command execution phase causes bits 7 and 6 of STO to 
be set to 0 and 1, respectively. | 


Таые 5 shows the relationship between ! N, ST, and GPL for 
various disk and sector Sizes. 


Command Phase: 


ТЕТО 
аа 
[2 | x | x | x || Ho | ust | uso | 


Number of Bytes per Sector (м) 
Sectors per Track (ST) 
Gap Length (GPL) - 
Data Pattern (D) 
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- Table 5. Standard Floppy Disk Sector Size Relationship 


"Мо. of Data К 
Sector Size Bytes/Sector _ 


-. Bytes/Sector 


Notes: 


No. of . 
даи | 
(ST) ` 


бар Length (GPL)4 


Read/Write Format 
"Commandt 


Remarks 
ЭВМ Disk 1 
IBM Disk 2 


IBM Disk 2D . 


IBM Disk 2D 


1. Suggested values of GPL in Read or Write commands to avoid overlapping between Data field and ID field of contiguous sections. 


2. Suggested values of GPL in Format a Track command. 


3. In MFM mode the DDFDC cannot perform a read/write/format operation with 128 bytes/sector (N = 00). 


| 4. Values of ST and GPL аге in hexadecimal. 


Result Phase: | Pero 


Track Number (D^ 


| Head Number (H)* ; 
Sector Number (R)* - 


Number of Data Bytes per Sector (N)" 


ы Тһе ID information has no meaning іп this command. 


SCAN COMMANDS 


. The scan commands compare data read from the disk to data. 


- supplied from the data bus. The DDFDC compares the data, and 
. looks for a sector of data which meets the conditions of Depp = 
Deus: Depp = Dsus, ОГ Depp = Ову (D = the data pattern in 
hexadecimal). A magnitude comparison is performed (FF = 
largest number, 00 


= smallest number). The hexadecimal byte 


of FF either from the bus or from FDD can be used as a mask | 


byte because it always meets the condition of the compare. After 
a whole sector of data is compared, if the conditions are not met, 
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the sector number is incremented (А + STP — В), and the scan 
operation is continued. The scan operation continues until one 
of the following events occur: the conditions for scan are met 
(equal, low or equal, or high or equal), the last sector on the track 


_is reached (EOT), or ТС is received. 


If conditions for scan are met, the DDFDC sets the Scan Hit (SH) 
flag in ST2 to a 1, and terminates the command. If the condi- 
tions for scan are not met between the starting sector (as specified 
by R) and the last sector on the track (EOT), then the DDFDC 
sets the Scan Not Satisfied (SN) flag in ST2 to a 1, and terminates | 
the command. The receipt of TC from the processor ог ОМА соп- 
troller during the scan operation will cause the DDFDC to com- 
plete the comparison of the particular byte which is in process, | 
and then to terminate the command. Table 6 shows the status 
of bits SH and SN under various conditions of scan. 


If SK = 0 and the DDFDC encounters a Deleted Data Address 


Mark on one of the sectors, it regards that sector as the last sec- 


tor of the track, sets the Control Mark (CM) bit in ST2 to a 1 and 
terminates the command. If SK = 1, the DDFDC skips the sec- 
tor with the Deleted Data Address Mark, sets the CM flag to a 
1 in order to show that a Deleted Sector has been encountered, 
and reads the next sector. 


R6765 _ 


= Double-Density Floppy Disk Controller (DDFDC) 


Table 6. Scan Status Codes | 


Command 
зе, SN 


| Bit2- 


Scan Equal | | 


Scan Low or Equal | 


-o o;/-00/;+-0 


. Scan High or Equal 


When either the STP sectors are read (contiguous sectors = 01, 
or alternate sectors = 02) or MT (Multi-Track) is set, the last sec- 


tor on the track must be read. For example, if STP = 02, МТ. 
= 0, the sectors are numbered sequentially 1 through 26, and | 


the scan command starts reading at sector 21. Sectors 21, 23, 
. апа 25 are read, then the next sector (26) is skipped and the Index 


Ноје is encountered before. the EOT value of 26 сап be read. | 
. This results іп ап abnormal termination о the command. If the- 


EOT had been set at 25 or the scanning started at sector 20, then 


the scan command would be completed in a normal manner. | 


During a scan command data is supplied from the data bus for 
comparison against the data read from the disk. In order to avoid 
_ having the Over Run (ОН) flag set in ST1, data must be available 
from the data bus in less than 27 us (FM mode) ог 13 us (МЕМ 
mode). If an OR occurs, the DDFDC terminates the command 
and sets bits 7 and 6 of STO to 0 and 1, respectively. 


The following tables specify the command bytes and describe 
the result bytes for the three scan commands. 


SCAN EQUAL | 


Command Phase: 


Track Number (Т) 


Number of Data Bytes per Sector (М) _ 
End of Track (EOT) | 
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— Status Register 2 КЕ | | 
р 


Result Phase: | 


' Status Register 0 (STO) | 
KNETI II ND 
L^ task aber 
СШ 
ЖОЙ | 


Неаа Number (Н). | | 
Sector Number (R) - | mE 
Number of Data Bytes per Sector (М) . 


7 


_ SCAN.LOW OR EQUAL 


Command Phase: 


Е 
мт | MF | Sk | 4 | 4 | 


Track Number (T) и 
Head Number (Н) | 
Sector Number (А) | | 


Result Phase: ut 


Status Register O (STO) 


Status Register 1 (571) | 


Status Register 2 (ST2) - 


Bon 

[3 ваша 

Ce [renmen 
ЕГІ 

ІСІН 


Head Number (H) | 


· Sector Number (В) | 
“Number of Data Bytes per Sector (М) 


RE765 o ZA 


SCAN нон OR EQUAL | 


Command Phase: 


Status Register 2 (ST2) 


Number of Data Bytes per Sector (М). 


SEEK | 


Status Register 1 ST) | 
Тгаск Number (0 ща 
” Sector Number (R) | 


| E Ты ‘During the Commend Hm of the Sock operation the DDFDC ~ 
© sets the Controller Busy (CB) flag in the MSR to 1; but during d 


_ the execution phase the CB flag is set to O to indicate DDFDC - p. 


: non-busy. While the DDFDC is іп: the non-busy state, another _ 


‘Seek command may be issued, and in this manner parallel seek 0 


. operations: may be performed on all drives at once. · 


Result Phase: None. 


The three-byte Seek command steps the FDD read/write head 


from track to track. The DDFDC has two independent Present 


_. Track Registers for each drive. They are cleared only by the 

| Recalibrate command. The DDFDC compares the Present Track 
Number (PTN) which is the current head position with the New 
Track Number (NTN), and if there is a чөе моме the 
following operation: 


i PTN « NTN: Sets the direction output (LCT/DIR) high 
and issues step pulses (FR/STP) to the FDD 
10 cause the read/write head to step in. 


If PTN > NTN: Sets the direction output (LCT/DIR) low. and | 


No command athe: than Seek will be accepte. while the | DDFDC | 
is sending step pulses to any FDD. Ка different command type 
is attempted, the DDFDC will set bits 7 and 6 in STO toa 1 = 


A respectively, to indicate an ар command, · 


If the FDD is in a not ready state at the beginning of the’ com: = 
‘mand execution phase or during the Seek operation, then the. 
DDFDC sets the Not Ready (NR) flag in-STO to a 1, sets STO. 


i bits 7 and 6t00 and 1, respectively, and terminates the command, 


ите time to write the three bytes of the Seek command éxcóods 


150 из, the time between the first two step pulses may be shorter 
than the Step Rate Time BORD defined wide пе пори command Ф 
by as muon as 1 ms. = | 


Command Phase: 


[ew те ее 
ШИЕЛҒЛЕЗГІЛЕТЕЗЕН 
сек ра ражне аа, 


New Track k Number (МТМ). 


\ RECALIBRATE | 
This two-byte command retracts the FDD read/write head (б һе 


E . Track 0 position. The DDFDC «clears the -contents of the РТМ. 


_ counters, and checks the status of the Track 0. signal from the | 


_ FDD. As long as the Track 0 signal (ТАКО) is low, the direction 


signal (LCT/DIR) output remains low and step pulses are issued 


· on FR/STP. When ТАКО goes high. the DDFDC sets the Seek | 
End (SE) flag in STO to a 1 and terminates the command. If the _ 


ТАКО is still low after 256 step pulses have been issued, the 


issues step pulses to the FDD to cause the . 


read/write head to step. out. 


The rate at which sion pulses are issued i 5 controllad by the Step ae | 


Кате Time (SRT) іп the Specify command. After each step pulse 
. is issued, МТМ is compared against PTN. When NTN = PTN, 


then the Seek End (SE) flag in STO is set to a 1, bits 7 and 6 


in STO are set to 0, and the command is terminated. At hig point 


DDFDC asserts ШІ 


The FDD Busy flag (bit 0: in the Main Status Register (MSR) 


_ corresponding to the FDD performing the Seek opération i is set 
жа. — М | | 


. After command termination, all FDD Busy bits. set are cleared Е 


the Sense Interrupt Status command. 


_ DDFDC sets Seek End (SE) and Equipment Check (EC) flags in 


STO to 1s, sets bits 7 and 6 of STO to 0 and 1, ey. and 
terminates the command. | 


Тһе ability to do overlap: е, Кад ЕК FDDs | 


-. and the loss of the. RDY signal, as described in the Seek com- 


mand, also applies to the Recalibrate command. 


я ' d 
E е 


Соттапа Phase: _ 


" ‘Result Phase: None. 
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SENSE INTERRUPT STATUS 


Interrupt Request (INT) is asserted by the DDFDC whee п any с of 


the Torong, conditions < occur: 


1. Upon өйтөн: ће rasuit posi of: 
a. Read Data command: 
-.b.. Read a Track command | 
. Read ID command. 
. Read Deleted Data command: 
. Write Data command . - | 
Format a Track command 
. Write Deleted Data command | 
. Зсап commands ~- | 


2. Ready (RDY) line from the FDD changes state 
3. Seek or Recalibrate command termination 
| 4. During пот) phase in the, Non-DMA mode 


ге “өс со 


INT caused. byt reasons 1 aid. 4 above occur ate: normal 
° command operations and are easily discernible by the processor. 


During an execution phase in Non-DMA mode, bit 5 іп the MSR- 


is set to 1. Upon entering result phase this bit is set to 0. Reasons 
Тапа 4 do not require the Sense Interrupt Status command. The 


interrupt. is cleared by reading or writing data to DDFDC. |мег- 


rupts. caused by reasons 2 and 3 are identified with the aid of 


the Sense Interrupt Status comrnand. This command resets INT __ 


and sets/resets bits 5, 6, and 7 of STO to identify the cause of 
the Hert, Table 7 defines the seek and interrupt codes. 


Neither the Seek or Recalibrate command hie a result Hos 


Therefore, it is mandatory to use the Sense Interrupt Status com- 
mand after these commands to effectively terminate them and 
to verify where the head is positioned by checking the Present 
Track Number (PTN). 


Issuing a Sense Interrupt Status command IUE an interrupt | 


pending is treated as an invalid сопа. 


| Соттапа Phase: 


en Ten RIT 
ее 


Result Phase: 


Status Register 0 (STO) 
Present Track Number Да 


Double-Density Floppy Disk Controller (СОРОС) | 


SPECIFY | 


. The three-byte Specify command sets the initial values. for each 


of the three internal timers. The Head Unload Time (HUT) defines | 
the time from the end of the execution phase of one of the 
read/write commands 10 the head unload state. This timer is 
programmable from 16 to 240 ms in increments of 16 ms 
(1 = 16 ms, 2 = 32 тз,...Ё = 240 ms). 


The Step Rate Time (SRT) defines the time interval between 
adjacent step pulses. This timer is programmable from 1 to 


16 тв inincrements of 1ms (F=1 ms, E-2ms, 


D=3ms,...0= eee 


The Head Load Time (HLT) defines the time between the Head _ 


Load (HDL): signal going high and the start of the read/write 


operation. This timer 15 programmable from 2 to 254 ms in 


increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 т5,. 


7F = 254 ms). 


The time intervals are a direct function of the clock сік; оп ріп 19). 


Times indicated above аге for an 8 MHz clock. If the clock is 
reduced to 4 MHz (mini-floppy application) then all time intervals 


are increased by a factor of two. 


...The choice. of DMA or Моп-ОМА operation is made by th the Non- 
"ОМА mode (ND) bit. When this bit = 1 the Non-DMA mode is 
selected, and when ND = 0 the DMA mode is selected. 


Command Phase: 


SRT — Step Rate Time 
HUT — Head Unload Time 
HLT — Head Load Time 
ND -- Non-DMA mode 


Result Phase: None. 


Table 7. STO Seek and Interrupt Code. Definition for Sense Interrupt Status 


| Status Register 0 (STO) Bits . 


тага Соде (ІС) Ѕеек Епа GE 


` RDY line changed state, either polarity 
Normal termination of Seek or Recalibrate command 


_ Abnormal termination of Seek ог Recalibrate command 
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SENSE DRIVE STATUS - 
This two-byte command obtains and reports the status of the FDDs. 


Status Register 3 (ST3) is returned i in the result phase and con... 


tains the drive status. | 


Command Phase: 


RB IERERERODESEREE 


Result Phase: 


| асаа | Status |; Register 3 БЕ 


| INVALID COMMAND 


Н an. invalid command T е. а command not previously defined) 


әәә. 
Селаја 


is received by the DDFDC, then the DDFDC terminates the com- __ 


„тапа after setting bits 7 and 6 of STO to 1 and 0, respectively. The 
DDFDC does not generate an interrupt during this condition. Bits 
6 and 7 (DIO and ROM) in the MSR are both set to a 1 indicating 
to the processor that the DDFDC is in the result phase and that 


_ STO must be read. A hex 80 in STO indicates that an invalid com- 


| mand was received: 


A Sense Interrupt Status command must be sent after a Seek or. 


| “Double-Density Floppy Disk Controller (рр) | 


During the. result phase all Ниве! shown in the result phase. must | 


Бе read by the processor. The Read Data command, for example, 


has seven bytes of data in the result phase. All seven bytes must . 
be read to successfully complete the Read Data command. Тһе 


 DDFDC will по! accept a new command until all seven bytes have 
been read. Other commands may require fewer bytes to be read 


during the result phase. 


INTERRUPT REQUEST MODE 


During the execution phase, the мен пеесі по! Бе геад. The. 
receipt of each data byte from the ҒО 16 indicated by INT high 


on pin 18. When the DDFDC is in Non-DMA mode, INT is asserted 
during the execution phase. When the DDFDC is in the DMA 


mode, INT is asserted at the result phase. The INT signal is reset 
by a read (RD low) or write (WR low) of. data to the ООЕОС.. 
A further explanation of the INT signal i is: described | in the Sense 
Interrupt Status command on page 16. If the system. cannot 


handle interrupts fast enough (within 13 из for MFM mode or 27 us | 
Тог FM mode), it should poll bit 7 (АСМ) in the МӘН. In this case, 


НОМ in the МӘН functions as ап Interrupt Request (INT). If the 


` RQM bit is not set, the Over Run (OR) flag in ST1 will be set to | 


a 1 and bits 7 and 6 of STO will be setto a 0 and 1, гр 


ОМА MODE 
When the DDFDC is in the ОМА mode (ND = О in the third com- | 


mand byte of the Specify command), DRQ (ОМА Request) is _ 


asserted during the execution phase (rather than INT) to request 


the transfer of a data byte between the data bus and the DDFDC. 


. Recalibrate interrupt, otherwise the DDFDC considers the next - 


| command to be an invalid command. 


п воте applications the user may wish to use this command as 
a No-Op command, to place the DDFDC in a p. or no gus 


^ tion state. 


| Command Phase: _ 


Lgs Result Phase: 


Status Register 0 (570) = 80 


PROCESSOR INTERFACE 


During the command or result phases, the Main Status Ragister | 


(MSR) must be read by the processor before each byte of infor- 


mation is transferred to, or from, the DDFDC Data Register. After 


„вас byte of data is written to, or read from, the Data Register, 


^. .. sector is written), INT is asserted. This signals the beginning. of 


During а read command, the DDFDC asserts ОВО as each byte 


of data is available to be read. The DMA controller responds to 
this request with DACK low (DMA Acknowledge) and RD low 
(read). When DACK goes low the DMA Request is reset (ОРАО 
low). After the execution phase has been completed (TC high ог — 
ће EOT sector is read), INT is asserted to indicate the begin- 


ning of the result phase. When the first byte of data is. read dur- 
ing the result phase, INT is reset low. | | 


During a write command, the DDFDC asserts DRQ as each byte | 
of data is required. The DMA controller responds to this request 
with DACK (ОМА Acknowledge) and WR low (write). | 
When DACK goes low the DMA Request is reset (DRQ low). After 

the execution phase has been completed (TC high or the EOT 


the result phase. When the first byte of data is read during the | 


he processor should wait 12 us before reading the MSR. Bits 6 _ 


and 7 in the MSR must be а 0 and 1, respectively, before each 
command byte can be writteri to the DDFDC. During the result 
phase, bits 6 and 7 of the MSR must, both be 1s prior to reading 


. "each byte from the Data Register onto the data bus. Note that- 
~ this status reading of bits 6 and 7 of the MSR before each byte | 
| transfer to and from the DDFDCi is required in only the command | 


and result phases and not during the execution phase. 


result phase, the INT is reset low. 


bos . 


FDD POLLING 


After the Specity command has been ERN by the DDFDC, 


the Unit Select lines (USO and US1) begin the polling mode. - 
Between commands (and between step pulses in the Seek Com- | 
mand) the DDFDC polls all the FDD's looking. for a change i in 
the RDY line from any of the drives. If the RDY line changes state 
(usually due to the door opening or closing) then the DDFDC 
asserts INT. When Status Register O (STO) is read (after Sense | 


. Interrupt Status command is issued), Not Ready (NR = 1) will n 
be indicated. The polling of the RDY line by the DDFDC occurs 
| continuously between commands, thus notifying the processor _ 


which drives are on- or off-line. Each drive is polled ay 1 024 ms | T | 


_ except during read/write commands. | 
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DATA IN/OUT 
(DIO | 
(MSR BIT 6) 
REQUEST 
FOR MASTER 
(ROM) 
(MSR BIT 7) 


WRITE (WR) 


FROM DDFDC ТО DATA BUS — 


FROM DATA BUS TO DDFDC 


READ (RD) 


NOTES | 
[А DATA REGISTER READY ТО BE WRITTEN INTO. [С] DATA REGISTER READY FOR NEXT DATA BYTE ТО BE READ 


DATA REGISTER NOT READY TO BE WRITTEN INTO [0 | DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ 


Figure 3. DDFDC and System Data Transfer Timing 
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Leez 


Figure 4. R6765 DDFDC Interface to Z-80 


(оачаа) зеподиоо яза Аддоја Лизиед-ејапод оо 


Рете 7771 Double-Density Floppy Disk Controller (DDFDC) 


‘AO, CS, БАСК 


DATA OUT _ 
D0-D7 


. A0, CS, БАСК 


DATA IN 
00-07 


ІМТ 


Figure 7. Write Cycle Timing 
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WR OR RD 


WRITE CLOCK 


(WCK) | 
. Q9 


WRITE ENABLE 
EE 


_РВЕЗНЕТ 0 OR 1 - 
| (Р50, PS1) 


WRITE DATA 
(МОА) 


READ DATA (RDD) 


READ DATA WINDOW (RDW) 


NOTE: |. 
EITHER POLARITY DATA WINDOW IS VALID 


_ Figure 10. РОО Read Operation Timing 
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USO, 051 — | STABLE = K 


ща SEEK 
(RW/SEEK) 


DIRECTION | 
(LCT/DIR) 


FAULT RESET 
| (FR) 


Figure 14. Terminal Count Timing 


INPUT/OUT TEST POINT | TEST POINT 


23% 2.0V ^ / 2. 09 | у 2.4У У/ 2.4N 
0.45V 0.8V огу 0.65V 0.65У 


INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45 V FOR CLOCKS ARE DRIVEN AT 3.0V FOR A LOGIC “1” AND 0.3V FOR А 
A LOGIC “0: TIMING MEASUREMENTS ARE MADE AT 2.0V FOR LOGIC “0: TIMING MEASUREMENTS ARE MADE АТ 2.4V FOR А 
A LOGIC “1” AND 0.8V FOR A LOGIC “0.” LOGIC “1” AND 0.65V FOR A LOGIC “0: 


Figure 16. АС Timing Measurement Conditions 
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AC CHARACTERISTICS 
(Мес = 50 Міс %5%, Vss = 0 Мас, T, = 0°C to 70°C) 


ы Ja _ Tet | 
Е Typ. . Conditions | 
на 40 250 | CLK = 4 MHz | 


| Characteristic. " | 


[40 | 625 | — | ns | CLK = 8 MHz |. 
[ 9 | Clock Rise Time “он | 9$ | — |.- | æ [№ ^ - | 
| 4 [ClckFalTim — — — — — — | tun | à& | — | — | | 
NS м | о | — | — | пе 
КЕЙ | (а | 250 | — | — | па 
| tp | — | — | 20 jm |. 
| бе | 20 | — | 10 [ns | 
ми 0| — | — | 50 | ns | 
[uw | 0 "| — | — | пе 
а 10 | — | — | пе 
|13 | | tw | æ | — | — [ns 
| 14 | tw | 150 | — | — | | 
EIN cop wax | o | 5] — | ~ jns 
[16 | [was | tw | | — | 50 | м | 
| (осу | tuv | 713 | — | - | ss | 
EIN tonn | tew | — | — | r |ø] cu 
| 19 | DACK Low to DRQ Low (Delay) | ма | мм | — | — | 20 | ns | CLK = 8MHz 
DRQ High to WR Low (Delay) tow. | tw | 250 | — | — | ns | 
| 21 | WOK Cycle Time — — — — — — ^ — — (| ty | ку | — | mtt! | — || 
| 23 | WCKRiseTim = — — | ta. | & | — | — | ж | па! 
| 24 | WCKFallTime— — — — — — — — | te | км | — | — | 2 тво 
| 25 | WCK High to Р50, PS1 Valid (Delay) _____ tkv | tcp | 20 | ~ | 10 | ns | 
| 27 | WDA High Width — — — — — —  — __| toux | мо | мен-50|] — | — |) о 
| 28 | WE High МСК High or WE Low to WCK Low | ten | tws | 20 | — | 10 | плеј 
| 30 | ROWCycleTime | i | | Wy | — (| поег | — |1, 
| 31 | RDW Valid to RDD High (Setup) | — | twa | two | 15 | — | — Inj] 
| 32 | RDD Low to RDW Invalid (Hold) —  — — — | (ом | tw | 15 | — | — |n 
зз [RDDHignWidh —— —  =ć “ани | во | 4 | — | — |n 
| 35 | USO, US1 Valid to SEEK High (Setup) Шен | ts | 12 | — | — | „5 | 
| 86 | SEEK Low 10/50, USt Invalid (Hold) | | ки | 15 | — | — | 25 | 
| [37 | SEEK High to DIR Valid (Setup) _____| tswv | ко | 7 | — | — |в) 
| 38 | DIR Invalid to SEEK Low (Hold) — — — | txs | ts | 30 | — | — | из | gun 
739 | DIR Valid to STP High (Setup) ______| tvm | ts | 1 | — | — |] "| 
| 43 | stPCycleTime  |қҮ | te | 33 | — | noes [| ss | 
| 12 | 44 | FRHighWidth — — — — — — —  ! tug | ка | 8 | — [| 0 | „5 | __ 
| 18 | 45 | IOXHighWidth — — — — — — — — — | tu | tx | 10 | — | — tr | 
| 14 | 46 | тснопмап  — — — — — — |tnn | tc | ! | — | — | ty | 
| 15 | 47 | RSTHigh Width — — — — — | tam. | ts | 14 | — | - То! 


2. For МЕМ = 0: Typ. = 2 и5 


_ For MFM = 1: Тур. = 14s | | 
3. іс = 33 из min. is for different drive units. In the case of the same unit, 


tsc can range from 1 ms to 16 ms with 8 MHz clock period, and 2 ms 
| to 32 ms with 4 MHz clock, under software control. 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter | Symbol | Value = 
| Veo | -0.3 to +7.0 
E -0.3 to 47.0 


Supply Voltage 


Input Voltage 
Output Voltage a 


зи Operating Temperature Range ~ 0 to +70 
| о Тетрегаішге Range -55 to + 150 


| OPERATING CONDITIONS 


Parameter. | 


_ Мос Power Supply `- 


Operating Temperature - 


ос CHARACT ERISTICS 
| (Усс = 50 Мас ; +5%, Vss = 0 Мас, ТА = 


Input Low Voltage js та 
Loge o e 
. CLK and МСК 


Input High Voltage 
"Logic | Y 
CLK and WCK 


Output Low Voltage 
_ Output High Voltage 


Input Load = | 
АП Inputs | 


. Internal Power Dissipation 


CAPACITANCE 
(Тл = 25°C; f, = | MHz; Мсс = OV) 


Note: All pins except рт under test tied to ground. | 


ЕСЕЛАН 
- er foses o 
le 


..5.0V 1596 A 
0°C to 70°С | 
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*NOTE: Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at- 
these or any other condi itions above those indicated in other sec- 
tions of this document is not implied. Exposure to absolute max- 
imum rating conditions for extended periods may affect device 


| р. 


0°C to тес, unless otherwise noted) 


` Test Conditions | 


Tm = 4.750, s - 720 ША 


Vec : = 4.75V, юн = = -200 ". 
Vec = 4. 75У 

Усс = 0V to 5.25V, Vss = = ОМ 
Vour = Усс 
Voc = OV to 5.25V, Ves = ОМ 
Vout = = 40.45V 


R6765 ^ Double-Density Floppy Disk Controller (DDFDC) 


PACKAGE DIMENSIONS - 
40-PIN CERAMIC DIP 


Е MILLIMETERS| INCHES | 
| MIN | | MIN | MAX | 
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ЗЕСТ ION 3 
R6500/* MICROCOMPUTERS 


| | | un" Page 
Product Family Overview Na Godin ЖЧ ИЕ х пее ин 3-2 
R65C00/21 апа R65C29 Dual CMOS Microcomputer | m E 
and Dual CMOS Microprocessor ........................... ЖТТ ш: 353: 

R65F11 and R65F12 FORTH One-Chip Microcomputers............ m ERE . 9-85 
Re5FRX and R65FKX RSC FORTH Development and Kernel ROMs. ........ Wages. 29-07 
R6501Q One-Chip Microprocessor . vL Via eru nl | 3-75 | 
R6500/1 One-Chip Microcomputer . РЕТІ "XT ЈИ pom TN 3-104 
H6500/ Е Emulator БөУісе:: егиеузсольсмсемеректле eben "—— 3-135 
R6500/1EB and R6500/1EAB Backpack Emulator .......................... 2... 9442 
R6500/11 and R6500/12 One-Chip Microcomputers кә Алты ананды УРАН ИМ 3-147 
А65/11ЕВ апа R65/11EAB Backpack Emulator .......:........ РИ ЕЕ . 9-182 
А6500/13 ала R6511Q One-Chip Microcomputer and One- Chip Microprocessor ..... 187 
А6500/41 and R6500/42 One-Chip Intelligent Peripheral Controllers . Core ide Pak 3-222 | 

- R65/41EB and R65/41EAB Backpack EImulBtor zioni uA жена саныны aged 3-251 — 
R6500/43 and R6541Q One- ер Intelligent baci Controllers ПИ .... 9-256 | 


- R6500/* SINGLE-CHIP MICROCOMPUTER FAMILY 
Higher Performance, Broader Applications, Software Compatibility 


The R6500/* single-chip microcomputers are completely 
software compatible with the 8-bit multi-chip fámily: They let 
you move easily from a multi-chip to a single-chip system 
solution when the application warrants it. They also function 
as intelligent peripheral controllers. The family continues to 
expand to include dual processors and CMOS versions. The 
R6500/* devices have faster execution speeds for most 
|. applications, based on our competitors own figures, even 

. though some others use higher frequency crystals. | | — 

Features include 1.5 to 3K bytes of ROM, 64 to 192 bytes 
of RAM, 23 to 56 I/O ports, multiple use counter/timers, 
serial communication channels, new bit manipulation _ 
instructions, expansion bus, multiple bus interfaces, directly 


executable RAM with low power standby, multiple interrupts, . 


all from a single 5V power supply. 

Three intelligent peripheral controllers offer design 
effective upgrading potentials for existing 6800, 8080, Z80 
and со systems. They're also available in ROM- less 


versions, for large memory system applications and for 
developing and simulating products in prototype, with 
external memory. 

And, two versions even have all system software on chip, 
including an operating system and high level FORTH 
language. It's an extremely versatile single-chipper. 

Three different sets of development ROM permit systems 
from 16 to 40 I/O and 8K to 48K of application program 
memory. 


2 As the highest performance single-chip family, the 


R6500/* devices are in use now in applications such as 
printers, telephone answering equipment, fixed disk drives, 
stereos, industrial controllers, telecom, cash registers, 


sewing machines, test equipment and more. 


. Check for yourself and see how a Rockwell R6500/* can 


solve your system problem. There are no higher performing 


8-bit single chippers, regardless of clock speeds. 


ROCKWELL NMOS MICROCOMPUTERS—THE ТОР PERFORMERS IN INDUSTRY 


Features/Models R6500/1 R6500/11 R6500/ 1 2 R6501Q/11 а .R6500/41 R6500/42 R6541Q 


* ROM (x8) 
е RAM (х8). - 
• ИО Lines 
• Serial Comm. 
• 16-Bit Counters 
• Host/Slave Bus 
* Expansion Bus 
* Interrupts 

— External 

— Internal 

— Host 
• Standby RAM (mW) 
• Package 


64 QUIP 


64 QUIP 


Alternatives for 8048/49 8051 | 8031 8041 


ar 


Rockwell 
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| 8650021 DUAL CMOS MICROCOMPUTER 
AND R65C29 DUAL CMOS | | 
MICROPROCESSOR | 


“PRELIMINARY 
INTRODUCTION 


FEATURES 


Two enhanced CMOS R6502 CPU's in one device 
— Соттоп memory and УО 
— Shared data and subroutines 


. —Independent CPU registers and interrupt vectors | 


— Independent reset operation and programs 

— R6502 software and timing compatible 

10 new instructions for faster and smaller PIT 
—Unsigned Multiply (MUL) | 

— бе! апа Reset Memory Bit (SMB and RMB) 

— Branch on Bit Set and Reset (BBS and BBR) 

— Unconditional Branch (BRA) 

— Push and Pull Index Registers (PHX, ‘PHY; PLX, PLY) 


Microcomputer/microprocessor/peripheral controller operation 


— Stand-alone microcomputer 
2048 x 8 mask programmable ROM 
128 x 8 random access memory pn 
— Enhanced microprocessor | 
Built-in RAM, ROM and ИО with ПЕНИЕ. 
8-, 12- ог 16-bit extension address bus 


. — Programmable peripheral controller 


' —One-Shot Interval Timer 
—EFree- Run Interval Timer 


Host data bus interface (280/8080 or 6500/6800 option) 
Self-contained or expandable 


16-bit Counter/Timer A with ватт modes, and pesca 


— Timer ОН. 

— Free-Run Event Counter 
—Free-Run Pulse Width Measurement 
— One-Shot Retriggerable Timer 


—One-Shot Pulse Generator 

—Free-Run Pulse Generator 

16-bit Counter/Timer B with four modes 
—Free- Run Interval Timer 

— Free-Run Pulse Generator 

—Event Counter 

— Pulse Width Measurement 

Up to 52 general purpose input/output lines 
— Еме bidirectional 8-bit ports (PA, PB, PC, PD and PF) 
--Опе 8-bit output port (PE) 

—One 4-bit input port (Ра) 

—Multi-purpose operation for selected ports 
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• Міпе interrupts 
.— Positive and negative edge detect 
— Low level detect (external IRQ) 
--Сошпіег/Тітег А and B underflow 
— Inter-processor communication 
— Host computer data transfer 
_ —Non-maskable. 
. —Reset 
e Flexible system operation 
---Метогу mapped /О for easy programming 
— Page zero location for memory efficient access 
Low power at normal frequency (40 mw at 2 MHz) 
Reduced power at low. frequency (2. 0 mw at 2 MHz/128) | 
| System. clock rates from 10 KHz to 4 MHz - 
-5V + 10% power supply 
64-pin QUIP 


SUMMARY 


The Rockwell Н65С00/21 is a complete, high performance 
8-bit, CMOS dual microcomputer in a single chip and is com- 
patible with ай R6500. microprocessors except that it has 
additional instructions including a 10-clock time multiply. 


The R65C00/21 consists of two enhanced instruction set 6502 
CPU's in one device. The device also has 2048 bytes of Read- 
Only Memory (ROM), 128 bytes of Random Access Memory 


с: (RAM) and versatile interface circuitry. The interface circuitry 
‘consists of two multimode programmable 16-bit counter/timers 
апа 52 general purpose input/output lines. Some of these input/ 


output lines may be used as address, data and control lines 
for expanded systems or as data and control lines when the 
R65C00/21 i is used ав a programmable peripheral controller. 


The two CPU's in the R65C00/21 are functionally independent. 
Each has its own set of registers, its own reset and interrupt 
vectors and operates under control of its own program. The two 
CPU's do, however, share the same memory and system ИО 
resources. This allows direct communication between the two 
CPU's and allows sharing of subroutines and common data 
areas where desired. Programming and system. design for 


applications which require simultaneous control of two or more _ 


independent asynchronous processes is thus. simplified because 


one CPU may control one process while the other controls 
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Dual CMOS | Microcomputer/Microprocessor 


another one. Consequently, complex | programming usually 


needed to interleave the control functions or to’ implemen! san ща 


interrupt driven system, is not required: 


са 


4 In a multiple computer Sach. both processors may: need the 


same subroutines so that some portions of memory must бе ` 


duplicated іп both. systems. The dual CPU's share the same 
program memory, therefore only one set of subroutines is 


required and both CPU's may even be using them at the same- 


time without interference. 


In addition to the dual CPU's, the R65C00/21 also has the 


^, »* innovative architecture and the demonstrated high performance 
*..." ofthe well established R6502 CPU, flexible input/output which 
ся provides improvements over the R6522 Versatile Interface 
222 Adapter (VIA) device, and production efficient on-chip ROM and 
^^ RAM. These features make the R65C00/21 a leading candidate 


for most imbedded microcomputer applications. 


_ А system using the R65C00/21 Dual CMOS Microcomputer will 
be simpler in design, use less program memory, require fewer 
components, reduce circuit board sizes, simplify test. require- 
ments, and minimize field maintenance—all contributing to lower 
production and support costs. In addition, simpler designs shorten 


development effort and time—leading to-reduced gevetopment 


costs and faster product.to market. 


The R65C29 Dual CMOS Мор cai а ВОМ- less version 


of the R65C00/21 with permanently extended data and address. 


bus, is also available. The R65C29 is ideal for dual CPU appli- 
cations requiring changeable ROM and/or extended RAM, ROM 
or I/O, and can also be used for R65C00/21 prototype circuit 
development. The R65C00/21 can also operate in an emulation 
mode, like the R65C29, with its internal ROM disabled. 
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DEVELOPMENT SYSTEM SUPPORT 


Prototype circuit and software development support are avail- 
able using the Rockwell Design Center (RDC) and: В65С00/21 
Personality Module. Program development and debugging aids 
such as text editing, symbolic assembly with conditionals. and 
macros at the absolute and relocatable/linking level, and single/ 
multiple Step execution with instruction/data tracing are pro- 
vided. Real-time in-circuit emulation in the target environment 


| is кака и 


МОТЕ 


All descriptions of В65С00/21. operation in this. document 
also apply to the R65C29 except for internal ROM, апа 
а$ otherwise noted. 


ORDERING INFORMATION 


The R65C00/21 Dual CMOS Microcomputer can be arisida in 
volume quantities with the following speed capability: and mask 
option indicated in the R65C00/21 ROM Code Order Form ee 
ument Order No. 2134) 

e 1, 2, 3, ог 4 MHz system clock (02). 

è Crystal master clock or slaved clock Input mask option | 


The R65C29 Dual CMOS. “Microprocessor has the following 


characteristics: 


• Crystal/master clock input 
e 8-bit data bus and 16-bit address bus extension 
e No internal ROM 


_ Н65С00/21е 86529 | 2. “Dual CMOS Microcom puter/Microprocessor 


INTE ВЕАСЕ 


The interfaces for the R65C00/21 and R65C29 are illustrated 
in Figure 1. 


The pin assignments for the R65C00/21 and the R65C29 are 


Shown in Figure 2. The R65C29 pin assignments are the same. 
as the R65C00/21 except that bus expansion functions are per- 


manently assigned instead of general purpose ports D and E. 


Vop 
Vss 
RES 
XTALO ш 
— “OSCILLATOR 
_ XTALI CLOCK 
| GENERATOR 
NMIA | | 
2048 х8 
sie ROM 
NMB "865800/21 ONLY 
EMS bt: 
‘CONTROL 
REGISTERS 
sc | | т А | о 
TIMER B | 
ДА Жа | 


Тһе interface signals for the 6500/21 and R65C29 are 
described in Table 2. The. descriptions of the selectable bus 
expansion pins (16-bit address mode) for the В65С00/21 apply 
to permanent bus PARTS pins for the R65C29. 


РАО-РА7 
РВО/РВ7. 


PCO-PC7 . . 
OPTIONAL USE: 
HOST DATA BUS 


PD0-PD7 
OPTIONAL USE: 
EXP. BUS 
-DATA/LOWER ADDR. 


PEO-PE7 

. OPTIONAL USE: 
EXP, BUS _ их 
DATA/LOWER ADDR. 


PFO0-PF7 
OPTIONAL USE: 


РЕО POS. EDGE 
DETECT 

PF1 NEG. EDGE - 
DETECT | 

PF2 EXT. IRQ INPUT 
РЕЗ TIMA І/О 

PF4 TIMB ИО 

PF5 --- 

| PF6: === 

С PF7 HINT - 


PGO0-PG3 
OPTIONAL USE: 
“РОО НӘ2/НН _ 
PG1 HR/W/HWR 
PG2 HRS 
PG3 CS 


Figure 1. R65C00/21 and R65C29 Interface Diagram 
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XTALI _. 2 
x 3 
ФА 4 
: 5 
SYNC 6 
7 
РЕ? 8 
9: 
РЕ5 
‚ РЕЗ | 
РЕ1 5960021 
РЕ7 
РЕ5 
РЕЗ 
PF1 
РА7 
РА5 
РАЗ 
РАТ · 
Vss | 
.^ — XTALO cJ 1 
XTALI Pare 
92 cj 3 
QA 4 
ЕМ5 c 5 
SYNC vt pu ^ 
. R/W 7 
. A15 8 
A14 9 . 
А13 10. 
A12 C 11 
А11 :. 25-15-1112 
| А10 | С 13 pene 
^A9 | --ңҢ-|14 Н65С29 
А8 H 15 
РЕ7 | C 16 
РЕб 17 
РЕБ _ ~ 18 
- РЕ4 C419 
PF3 — ——120 
| РЕФ — 21 
PFI. ~ 22 
| РЕО — 23 
РА7 24. 
РАб | — 25. 
‚ РАБ - < ——] 26 
^ РА4 27 . 
РАЗ | 4 98 
РА2 L 29 
PAI . ______ 30 
| РАО L—] 31 


Vss 5 C 32 


Figure 2. R65C00/21 and R65C29 Pin Asignments 
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РАО-РА7 
РВО-РВ7. 
PCO-PC7 
PDO-PD7- 


PEO-PE7 
РРО-РЕ7 


РЕОМЕС (РЕО) 
|. PF1POS (PF) 
PF2LOW (РЕ?) 
TIMA (РЕЗ). 
TIMB (РЕ4) 
HINT (PF7) 

" PGO-PG3 


Hg2/HRD (PGO) 


HR/WIHWBR (РС) | 


HRS (PG2) - 
CS (PG3) 


|| System Phase 2 Clock Output. Maskable as 5 system clock input for slave operation. 
| Read/Write. Read/write control output. High during read, low during write.. 


_Dual CMOS Microcomputer Microprocessor 


Table 1. R65C00/21 Pin Descriptions 


Desc ription 


| Port / A. General purpose 8-bit VO Port A. 


Port B. General purpose 8-bit I/O Port в 
Рой С. Сепега! ригрозе 8-bit О Port C. Host Data Bus in Host Моде. 


Port D. General purpose 8-bit ПО Port D. Multiplexed lower address (АО to А?) апа Data 
Bus (DO- D7) when Bus Extension Mode is selected. 


^. Port E. General purpose 8-bit output Port E. Upper acces АВ to Aii or A8 to A15) when. | 


. Bus Expansion Mode is selected. 


-Port F. General purpose 8- -bit VO Port F. Under software control each line has a alternate | 


.. fünctions as follows: 
PFO. Positive Edge Detect. Maskable CPU interrupt on. PFO. Positive Transition. 
РЕТ Negative Edge Detect. Maskable CPU interrupt on PF1 Negative Transition.  . 
PF2 Low Level Detect. Maskable CPU interrupt on PF2 Low (external IRQ). 
Timer A External Input/Output. 


Timer B External Input/Output. 
" Host Interrupt. Active- low maskable interrupt request to Host. 


Port G. General purpose 4-bit input Port G. Under software control, Port G serves as the: 
Host Control Bus as follows: 

Host Bus Clock/Read Strobe Input. g2 for 6500/6800 bus; Нева Strobe for 280/8080 . 
биз. 

Нов! Виз Read-Write/Write Strobe Input. | RW for 6500/6800 bus; Write Strobe for 
280/8080 bus. 


Host Bus Register Select Input. Low selects Data Buffer; high selects Status Flags. 


Host Bus Active-Low „ом Chip Select Input. Low selects Host Bus operation depending on 
HRS and HR/W/HWR coding and Host Control and Status Register. contents; high. RIS 
disables Host Bus interface. Я 

Reset. Active-low Reset input аге s Resco to initial conditions—resets all registers | 
апа /О іпев. Е : | 


CPUA Non-Maskable е interrupt Non- maskable negative edge sensitive interrupt input to 
CPU A. 


| СРЏ В Non-Maskable Interrupt. Non-maskable negative edge sensitive interrupt Input to 


CPU B. 
External Memory Strobe. Active-low. 
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Зупс. Instruction sync output. High When Op Code fetched 


Phase A. Phase A се бр. High СЧ СРЏА bus cycle, EN EM CPU B bus 
cycle. 


| Crystal/Master Clock Return. Output connection to crystal (or no connection if external 


master clock connected to XTALI). Input frequency i is two times system clock (go) rate. | 


| Crystal/Master Clock Input. Input connection from crystal (or external master clock). 


Power, 8.0 Vdc. 


! GND. Signal and power ground. | Е i 


R65C00/21 e R65C29 | Опа) 
| .. FUNCTIONAL DESCRIPTION 


CMOS Microco 


iputer/Microprocessor 


_ The R65C00/21 consists of two central processor units (CPU's), _ INDEX REGISTERS 


a 2048 x 8 read-only memory (ROM), a 128 x 8 random access 
memory (RAM), five 8-bit parallel УО ports, one 8-bit output 


port, one 4-bit input port, two 16-bit counter/timer systems, а . Е 


variety of УО control registers, апа an independent interrupt 
control system for each CPU. All of the ROM, RAM, ГО, internal 


buses, and the arithmetic logic unit (ALU) are shared by ће мо |. 
CPU's. A memory map of the system is shown in Figure 3. An 


. overall block diagram of the А65С00/21 is shown іп Figure 4. ` | 


ore 


Throughout this document, unless specified otherwise, all POR 


memory or register address locations are specified in 
„г hexadecimal notation. | ста 4 


INTERNAL MEMORY © 


INTERNAL READ-ONLY-MEMORY (ROM) 


The ROM іп the R65C00/21 consists of 2048 (2K) bytes of mask _ 


EE programmable memory with an address space from F800 to — 
22 FFFF. ROM locations FFF2 through FFFF are assigned to inter- — 


rupt and reset vectors for the two CPU's. | 


INTERNAL RANDOM ACCESS MEMORY (ВАМ) | 


The internal RAM consists of 128 bytes of read/write memory - 
with assigned page zero addresses of 0080 through OOFF. - 


. EXTERNAL MEMORY 


External memory can be addressed by selecting the Виз. 


‘Expansion. Mode in the Bus Control Register. Address space 


from 0200 through EFFF. may be accessed for either НАМ, 


‚ ROM, or VO purposes as the particular application requires it. 


In addition, there are 32 bytes from 0020 through ООЗЕ which : 
may be used for /О expansion and 256 bytes from 0100 through. . 


01FF which may be external ВАМ. 


CPU LOGIC 


Each CPU in the R65C00/21 is effectively a standard R6502- | 
CPU with 10 extra instructions utilizing 40 operation codes which - 
_ are unused in the R6502. Therefore, each CPU has an 8-bit 


accumulator, two 8-bit index registers (X and Y), an 8-bit Stack 


Register, a 16-bit Program Counter, independent interrupt cir- . 


cuitry, and an instruction register with state counter. The internal 


buses, memory, instruction decoding circuitry, апа ALU are _ 


shared by the two CPU's on alternate clock cycles. 


ACCUMULATORS 


The accumulator in each CPU is a general purpose 8-bit register 
that stores the results of most arithmetic and logic operations. 
Additionally, the accumulator contains one of the two data words 
used in these operations. 
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Each CPU has two index registers, X and Y. Each index register 
- may be used as a modifier to a base address supplied as a part 


of the instruction being processed. The resulting effective address 
is usually the sum of the base address plus the contents of the. 


. indicated index register. The index registers are used in a 


number of the addressing modes including zero page indexed, 
absolute indexed, post-indexed indirect and pre-indexed indi- 


_ rect. Each index register also has a family of instructions which 
. allow loading, storing, incrementing, decrementing, and com- 


paring the contents of the register. These are discussed thor- 
oughly in the R6500 Programming Manual (Order No. 202). 


ADDRESS (HEX) 


I/O AND CONTROL REGISTERS 


0000 
001F era 
Бикса EXTERNAL I/O EXPANSION? | 
| 003Ғ ы c 
Eee | NOT ACCESSIBLE | "T 
0080 - сага | 
dM INTERNAL RAM (128 BYTES)! 
қ © 4| . (SHARED WITH 0180-01ЕЕ). ||. 
LLLA 
а EXTERNAL RAM EXPANSION? || 
017F | | | | 
“01а INTERNAL ВАМ (128 BYTES)! 
t (SHARED WITH 0080-00FF) — | 
_ 0200 
ber EXTERNAL MEMORY AND 
EFFF /O EXPANSION 
EOM s NOT ACCESSIBLE | 
о “| INTERNAL ROM (2048 BYTES) | 
ЕЕЕ | | ( њи 
 FFF2 SEA Еф | | | 
св ММІВ УЕСТОЯ 
^ FFF4 ^ | | 
БЕРІ 2 _ RESB VECTOR 
FFF6. | н 
БЕР |  !ROB VECTOR "M 
FFFB —— : | | 
E: NOT USED | | 
FFFA | | | | 
FFFA _ NMIA VECTOR 
FFFC 0 : 
'ЕЕЕС | ВЕЗА VECTOR | Е | 
FFFE | ОА VE 
FEFE | IRQA VECTOR | 
Notes: 0 | 


1. When bit 4 of the Bus Control Register (BCR) is a 0 (default value), 
the 128 bytes of internal RAM are redundantly mapped into both 
page zero and page one and are addressable as either 0080-00FF 
or 0180-01FF. When BCR bit 4 is a 1, all of page one RAM 
(256 bytes) is mapped externally (0100-01FF) and the 128 bytes 
of internal RAM are dedicated to page zero (0080-00FF). 

2. Accessible in bus expansion mode. | 


Figure 3. R65C00/21 Memory Мар 
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Пиа 


| СМО5 Microcomputer/Microprocessor 


PRESCALER . CLOCK | 
(+128) OSCILLATOR : 
INTERRUPT INTERRUPT кл 
EG CONTROL 
dass AND STATUS 
В НЕСІ5ТЕН 
CLOCK - 
SELECT 
INTERRUPT i ; 
LATCH ENA GCE dm 
POWER "m 
CONTROL 
REGISTER 
CLEAR 
- INTERRUPT INTERRUPT 
LOGIC FLAG — 
REGISTER TIMER A ИЕНА 5 
CONTROL Құн 
AND STATUS SELECT 
REGISTER . | Г. 
INSTRUCTION k — M INSTRUCTION - 
DECODE REGISTERS COUNTER/TIMER A: ш 
UPPER LATCH LOWER LATCH 
UPPER COUNTER | LOWER COUNTER жй 
ЗМАРЗНОТ ВЕС. | | қ 
ТІМЕН В Sonus = 
ee р 
AND STATUS 
МОН ТЕГІ 9 ОЕР, _COUNTER/TIMER В 
STATUS - 2 - | ф2 
и Э | | UPPER LATCH LOWER LATCH 
а с и Заир = Па а 
Е UPPER COUNTER | LOWER COUNTER PF4 
а | : | 
| Е 
“INDEX | | Е 225 ЖЧ 
во... > ec CONSUME 
У PGO-PG3 
| HOST (HOST CONTROL) 
Гекке, Шт | 
— ] AND STATUS. | 
— REGISTER 
REGISTER К 
Е РАТА 
| я DIRECTION 
F 
осы зы ы миље ЕР» 
= ТЕЗ 
PFO-PF7 
(SPECIAL . 
FUNCTIONS) ` 
шеле PORTE. ` 
=) OUTPUT | PEO-PE7 | 
aes DIRECTION OF 
B А8-А15) 
Ra ae НЕТТО» 
PDO-PD7 
А - E 
a DIRECTION 00-07) 
PROGRAM o с 
COUNTER : 
NISI еее Л 
2 PCO-PC7 
5 вив (HOST DATA BUS) 
ш CONTROL 
Е REGISTER 
RAM 
128 x 8 DATA 
DIRECTION 
B 
a ОКЕ лије» 
ROM vo 
S iq РВО-РВ7 
(965С00/21 DATA 
M | ONLY) DIRECTION 
с | - 
Мое: : » | PORT A - 
indicates dual registers — one Vo PALPAT 


| _ for CPU A and one for CPU B 


Figure 4. R65C00/21 and R65C29 Block Diagram 
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STACK POINTERS 


Each CPU in the В65С00/21 has its own independent 8-bit 
Stack Register located in RAM on page zero/one and is pointed 
to by a Stack Pointer. Each Stack Register is automatically 
incremented and decremented under control of the appropriate 
CPU to perform proper stack manipulations in response to user 
instructions, an.1RQ interrupt or an external NMI interrupt of the 
appropriate CPU. The Stack Pointers must be initialized by the 
user program. 


These stacks allow simple implementation of multiple level 


independent interrupts in each CPU, subroutine nesting, and 
simplification of many types of data manipulation without 
the programmer continually being aware of specific memory 


22 addresses. The JSR, ВВК, RTI, RTS, PHA, PLA, PHP, PLP, 


` PHX, PLX, PHY and PLY instructions all make use of the stack 
. and the appropriate CPU's Stack Pointer. 


Each stack may be visualized asa deck of cards which may only 
be accessed from the bottom of the deck. The value to be stored 


.. is written on a card and then that card is placed on the bottom 
. of the deck (pushed onto the stack). ‘When the data аге to be | 


read, the bottom card is removed from the deck and the value 
on it transferred to the appropriate register (pulled from the stack 
to the specific register). Each time data are to be used as an 
address, the value is stored in the addressed memory cell, and 
the Stack Pointer is decremented by 1. When the data are read 


(or "pulled") from the stack, the Stack Pointer is incremented 


by 1 and the resulting value.can ђе used to address the data. 
The data are read from the addressed memory cell and then 
transferred to the appropriate register in the CPU. 


Each CPU must have an independent starting location for its 
stack. It is the programmer's responsibility to see that the RAM 
utilized for each CPU stack does not conflict. It is recommended 
that the CPU requiring less depth in its stack be assigned the 


OXFF location and the other stack be started а safe distance | 


_ below it. The two stacks are physically located either оп page 
. Zero (although addressed as page one) for single-chip opera- 
tion, or externally on page one when extended addressing is 


selected. (See Note 1 in Figure 3). The default: areas for the 


stacks are on page zero. In either case, both stacks are on the 
same page. | | | 


ARITHMETIC AND LOGIC UNIT (ALU) 
All arithmetic and logic operations for both CPU's take place т 


‘Dual CMOS Microcomputer/Microprocessor 


FFFC) and in CPU B (RESB at FFF4) when power is applied 
to the R65C00/21. Each time a processor fetches an instruction 
from memory, the lower (least significant) byte of its program 


_ counter (PCL) is placed on the low-order eight bits of the address. 


bus and the higher (most significant) byte of the program counter - 
(PCH) is placed on the high-order eight bits of the address bus. 
The counter is incremented each time an instruction or operand 
is fetched from memory. 


The contents of the program counter are replaced with a new 
value when a JMP, JSR, RTS, RTI; BRK, or any of the branch 


instructions are executed. Also, the program counter value is 


replaced when an external non-maskable interrupt NMIA or 
NMIB, an internal interrupt request, an external interrupt request 
via PF2 (see Port F description) or reset (RES) occurs. 


INSTRUCTION REGISTERS AND 
INSTRUCTION DECODE 


Instructions selected by the program counter are fetched from 


ROM or RAM (or Port D if in Expanded Bus Mode) and gated 


. onto the internal data bus. These instructions are latched into 


a shared ALU. Incrementing and decrementing of the index reg- ^_ 


isters and memory also take place here. The ALU stores data 
for only one cycle. Consequently, data placed on the inputs at 


the beginning of a cycle are processed and gated to one of the | 


registers, or to memory, during the next cycle. - 


Each bit of the ALU has two inputs. These inputs may be Нед 


to various internal buses or to a logic zero; the ALU then gen- 
erates the function (ANG, OR, SUM, etc.) using the data on the 
two inputs. 


PROGRAM COUNTERS 


The 16-bit program counters for each CPU provide addresses 
that step each processor through sequential instructions in a 
stored program. The program counter for each CPU is initially 
set to the value stored as the reset Vector in CPU A (RESA at 
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the proper instruction register and then decoded using common | 
decoding circuits for both CPU's. Timing, status bits, and inter- 


rupt controls. аге interpreted together with the instruction code 
to generate control signals for the various registers in the 
appropriate CPU. | | 


ITEHRUBT LOGIC 


Each CPU has its own logic which controls the sequencing of 
three types of interrupts: RES, NMI, and IRQ. The same RESET 
(RES) pin is used for both CPU's; consequently, reset occurs 
on both CPU's at the same time. A different reset vector (RESA 
and RESB) exists for each CPU to allow.initialization of the sep- 
arate and independent programs. | | 


Separate pins are used for the two processors’ non-maskable 
interrupts (NMIA and NMIB). Each processor has its own NMI 
vector; CPU A uses NMIA Vector at FFFA and CPU B uses 
NMIB Vector at FFF2. 


Three different types of external interrupt conditions can be 
detected by connecting the external signal to one of three Port 
F input pins. A positive-going edge, a negative-going edge, and 
an external interrupt request (IRQ), i.e., a low level, can be 
detected оп РЕО, PF1 and PF2, respectively. Internally, IRQ 
conditions can be generated by time-out of either of the two 16- 


bit counter/timers, upon interprocessor-communication request 


by the other CPU, or by the Host Interface Port. 


In each case, the interrupt condition is reported as an interrupt 


flag in a control/status register associated with the functional 


area. Each CPU can either enable or disable IRQ generation by 
setting or resetting a corresponding interrupt enable bit in the 
same or associated control/status register. 


Furthermore, each CPU can control whether or not its pro- 
cessing is interrupted when an interrupt request (IRQ) is gen- 
erated. Each CPU has its own Processor Status Register (PSRA 
and PSRB) with the capability of disabling IRQ interrupts when 
its own "I flag" bitis a 1. 
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NEW AND MODIFIED INSTRUCTIONS 


In addition to the standard R6502 instruction set, ten new 
instructions. have been added and minor timing and other 
changes have been made to a few other instructions. All of these 
additions and. changes are discussed in this section. Refer to 


the Instruction Set Op Code Matrix for the operation codes and. 


addressing modes of all instructions. The times indicated for 
each instruction are given.in terms of CPU clock-times. 


UNSIGNED MULTIPLY (MUL) 


The 10 clock-time hardware multiply instruction multiplies the 8- · 


bit contents of the Y register by the 8-bit contents of the A reg- 
ister to give a 16-bit product. At the completion of the multiply 
operation, the most significant half of the product resides in the 
A register and the least significant half in the Y register. This 
operation uses unsigned numbers only. This instruction uses the 
implied addressing mode and, НЕХ, requires one byte 
for the op code. 


SET MEMORY BIT (SMB m, ADDRESS.) 


This instruction uses zero page addressing only and requires 
five cycle times. It sets the designated bit in the addressed 


memory cell or УО port to a 1. The first byte of the two-byte 


instruction identifies the operation and the bit to be set while the 
second byte designates the address of the word in which the bit 
5 to be set. Eight op codes are used for the eight bit locations 
in a byte. 


RESET MEMORY BIT (RMB m, ADDRESS.) 


This instruction operates in the same way as the SMB instruc- 
tion except that the bit is set їо 0. | 


BRANCH ON ВП SET RELATIVE | 
(BBS m, ADDRESS, DESTINATION) 


This instruction tests one of eight bits designated by a three-bit 
immediate field within the first byte of the instruction. The second 


byte designates the address of the byte to be tested within the 


zero page address range (memory ог I/O ports). The third byte 
of the instruction specifies the 8-bit relative address to which the 
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instruction branches if the bit tested is a 1. If the bit tested is not 
set to a 1, the next sequential instruction is executed. This 
instruction requires five cycles if the branch is not executed, six 


cycles if the branch executes to the same page, or seven cycles 


if it branches to a different page. 


BRANCH ON BIT RESET RELATIVE 
(BBR m, ADDRESS, DESTINATION) 


This instruction is similar to the BBS instruction except that the 
branch takes place if the bit tested is a 0. ! 


INDEX REGISTER STACK OPERATIONS 
(PHX, PLX, PHY, AND PLY) 


These instructions are similar to the PHA and PLA instructions 
in the conventional R6502 except that they push or pull the X 
or Y registers to and from the stack, respectively. The push 
instructions require three instruction cycles M the pull instruc- 
tions regure four cycles. 


UNCONDITIONAL BRANCH (BRA) 


This unconditional branch is a branch always instruction. It ọper- 
ates similar to the conditional branches of the R6502 except that 
the relative branch always оссигв. It executes in three cycles if 
the branch is to the same page or four cycles if it is not. Two bytes 
are required, one for ше ор code and the other for the relative 
address. 


INSTRUCTION DIFFERENCES FROM R6502- 


Decimal add and decimal subtract instructions on the R65C00/ 
21 require one cycle time longer than their binary equivalents. 
The add and subtract times are the same for both decimal and 
binary operation on the 86502. | | | 


The decimal mode Над (D) in the processor status registers 


default to binary (D =0) operation when the R65C00/21 is RESET, 


whereas. this silo is опоканве с on the Н6502. 


Тһе indirect | јитр yinettüction increments the page address when 
the indirect pointer crosses a page вое, whereas. on the 
R6502 it does not. | 
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PROCESSOR STATUS REGISTERS 


Each. CPU has its. own. 8- bit Processor. Status Register.. Each 
register contains seven status. flags. Some of these flags 


are controlled by the user program; others may be controlled 


both by the user's program and the appropriate CPU. The | 


R65CO00/21 instruction set contains a number .of conditional 
.branch instructions which are designed to aliow testing of. these 


: пере, 


CARRY ВП © | 
_ The carry bit (C) сап be considered the ninth bit of an arithmetic 


' eg operation. It is set to a 1 if a carry from the eighth bit has 


< occurred, or it is cleared to 0 if no carry has occurred, asa result 


O5 В : or arithmetic с or ш оре тюп 


The carry bit п may Бе set or. — under program control by 
use of the Set Carry (SEC) or Clear Carry (CLC) instructions, 


respectively. Other operations which affect the carry bit are | 
ADC, ASL, CMP, CPX, си LSR, PLP, ROL, ROR, ML апа 


` SBC. 


ZE RO BIT CH 


Ты Тһе zero bit (Z) is set toa 1 by the CPU during s any data movè: . E 
ments, or calculations, which sets all: eight bits: of the result to | 


zero for that CPU. This bit is cleared. to a 0 when all eight bits 
of a data movement, or calculation, operations are not all zero 
for that CPU. The R6500 instruction set contains no instruction 
to specifically: set ог сјеаг the 2 flag bit, The Z flag bit is, how- 
ever, affected by the following instructions: ADC, AND, ASL, 
ВІТ, CMP, CPX, СРУ, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LSR, ORA, PLA, PLP, PLX, PLY, ROL, ROR, RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 


INTERRUPT DISABLE BIT (1) 


The interrupt disable bit (1) controls the servicing of an interrupt 
request (IRQ). If the | bit is set to a 0 in the Processor Status 
Register of one, or both, of the CPU's, the IRQ signal will be 
serviced by that: particular С! CPU. If the bit is set to a 1 for one 
ог both of the CPU’s, the IRQ signal will be ignored by that CPU. 
Each CPU will set its interrupt disable bit bit to a 1 if a RES, an 
IRQ, or its non- -maskable interrupt (NMI) signal is detected. 
Interrupting one processor does not affect the other one unless 
it is programmed to respond to the same interrupt. 


The 1 bit is cleared for each CPU when that CPU executes a 
Clear Interrupt Disable (CLI) instruction and is set under soft- 
ware control by a Set Interrupt Disable (SEI) instruction. This bit 


is also set by the Break (BRK) instruction. The Return From ` 


Interrupt (RTI) and Pull Processor Status (PLP) instructions also 
. affect the | bit by oe it to the value which was stored on the 
stack. | 


| DECIMAL MODE ВП (D) - 


The decimal mode bit (D). Controls the arithmetic mode of its 
CPU. When this bit is set toa 1, the adder operates as a decimal 
adder for the Add with Carry (ADC) and the Subtract With Carry 
(SBC). ‘instructions. These instructions, in the decimal mode, 
require one additional CPU cycle time compared. with binary 


_ тоде or the decimal mode in the conventional R6500. (In the 


conventional 86500, the decimal and binary arithmetic opera- 
tions are the same speed.) When the bit is a 0, the arithmetic 
is performed in straight binary. The decimal mode is controlled 


соту by the.programmer for each of ће CPU's. The Set Decimal 


Моде (SED) instruction. causes decimal arithmetic to be per- 
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formed and the Clear Decimal Mode (CLD) instruction causes 
: binary. arithmetic to be performed by that CPU. The PLP and 


RTI instructions also affect the decimal mode bit. 


The D bit for each CPU is: ‘automatically set to the zero state 


(binary mode) when the R65C00/21 is reset by RES. 


BREAK BIT (В) ша е 
Тһе break. bit (B) determines the.type of condition which caused 


the IRQ service routine to be entered. | the IRQ service routine 


x was. entered because a BRK instruction was. executed by its 


CPU, the B bit is is set to a 1. If the service: -routine was entered 
because of an IRQ signal being generated, the B Is set to а 0. 
There are no instructions which directly set ог. clear this bit. 


OVE RFLOW BIT (V) 
The overflow bit (V) indicates that the result of a signed binary 


addition or subtraction operation is a value which cannot be con- 
tained in seven bits (outside the range of —128 to +127). This 
indicator only has meaning when signed arithmetic is per- 
formed. In this case, the arithmetic operations are being рег- 
formed on the sign and seven magnitude bits for one byte, or 
the most significant byte of a longer signed number. When the 
ADC or SBC instruction is executed, the overflow bit is set to 
ати ће polarity of the sign bit is changed because the result 
exceeds +127 or —128 in absolute magnitude.. Otherwise, те 


М bit is cleared to а 0. The V bit may be cleared by the pro- 


grammer by executing a Clear Overflow (C LV) instruction in the 
appropriate CPU. 


The overflow bit is also affected by the BIT instruction. The BIT 
instruction samples specific bits in memory or VO interrupt 
status words. Most of the /О devices used in the R6500 family 
and most of the interrupt flags in the R65C00/21 have interrupt 
flags in the upper two bits of the register. The BIT command 


-copies these two most significant bits of the addressed word into 
“the М and V flags. The V flag is set to the same state as bit 6 


of the addressed words and the N flag copies bit 7. 


The instructions which affect the V flag are ADC, BIT, CLV, PLP, 
RTI and SBC. 
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NEGATIVE BIT (N) - 


The negative bit (N) indicates that the sign bit (bit 7) in the 
resulting value of a data movement or arithmetic operation is 
a 1. If the value represents a signed number, the most signifi- 

cant bit being a 1 indicates a negative number. If the sign bit is 
a 0, the result is interpreted as a positive value. The BIT instruc- 
tion copies the most significant bit of the addressed memory cell 
or r VO register into the N flag bit. 


There are no instructions that set or clear the N bit directly since 
the N bit represents only the status of à result. The instructions 
which produce a result that affects the state of the N bit are 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, 
INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, PLX, PLY, 
ROL, ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 


rem Status Registers (PSRA and PSRB) 


чо [э | ено авг 
hs Em NOT BRK | DEC |. ZERO е” 


it 7 Negative (М)! 


1 Negative Value 
0 Positive Value 
 Bit6 Overflow (0)! 
1 Overflow Set 
0 Overflow Clear m" 
Bit 5 Not Used (Don't care value) 
it 4 Break Command (В)! 
1 Break Command 
0 Non-break Command 
Bit 3 Decimal Mode (D) 
1 Decimal Mode 
0 Binary Mode 
Bit 2 Interrupt Enable (I)? 
24 АО Interrupt Disable 
0 IRQ Interrupt Enable 
it 1 Zero (2)' 
1 Zero Result 
0 Non-Zero Result 
НО ^. Carry (C)! 
1 · Carry Set 
0 ‘Carry Clear 


Notes: 

1. Not initialized by RES. 

2. Set logic 1 by RES. 

3. Cleared to logic 0 by RES. 

4. There are two Processor Status Registers, one for each CPU. 
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Table 2 shows the input/output, control/status and timer/counter 
registers which are addressed on page Zero from locations 00 
through 1D. Some of the registers combine other functions when 
they are read or written. The table lists both the primary and. 
secondary types of functions. Table 3 summarizes 3 the register 


formats. 


a АН contro/status tus registers and data direction registers are cleared 


^. v to zero by a RES. Thus, the zero state of each bit defines the 
222 default operating modes. Each register is associated with а 
| ар functional area in the microcomputer, e.g., parallel input/output, _ 
. timer/counter, bus control, etc. The detail operation of each reg- 


ister is defined in the appropriate sections. 


Thirteen registers are used for input/output functions and nine 
registers used for timer/counter functions. The use of these reg- 


isters is discussed in later sections. 


Notes: - | 
1. Addressed externally when іп expanded bus mode. 


PA Data 

PB Data 

PC Data, 0—1BF? 
РС Data, 0IBF? 
PD Раја! 


PF Data 
PG Data 


BCR 


HCSR 
ICSR 


PCR 
TACSR 

(СА, UCA->SLA 
SLA 


. SLA, 0 UFA? 


2. Counter/Timer underflow flags: 
^A УРА = Timer A Underflow Flag bit in TACSR 
UFB = Timer B Underflow Flag bit in TBCSR 


Table 2. 


PB Data 

PC Data, 1 OBE, с „8503 
PC Data, 1->ОВЕ, 1->В503 
РО Раја! 

PE Data! 

PF Data 

PA Direction 

PB Direction 


.PC Direction 


PC Direction 
PD Direction! 


PF Direction 

BCR 

HCSR 

ICSR 

CIFR 

IPCIR 

PCR 

TACSR 

LLA 

ULA 

ША, ULA>UCA, | 
LLA—LCA, 0—UFA? 
TBCSR 

LLB 

ULB 


ULB, ULB—UCB, LLB—LCB, 0-UFB2 . 


 INPUT/OUTPUT AND | CONTROL/STATUS REGISTERS | 


К: REGISTER ADDRESSES 


Seven control/status. redisien control and monitor the basic 
operation of. the В65С00/21. The registers and their. primary 
functions аге as follows: 


BCR Bus Control Register—defines. expansion bus 
| ‚ ,modes oo 
. HCSR . Host Control and Status Register—defines host 
p __ bus and interrupts | | 
ICSR _ Interrupt Control and. Status Register—enables 
| and reports interrupt conditions 
СЕВ. . Clear Interrupt Flags Register | 
PCR Power Control Register—selects low power 
mode | 
ТАСЭН Timer А Control and Status Register—controls 
and monitors Timer A operation" “ ' 
TBCSR Timer B Control and Status Register—controls 
and monitors Timer B > Operation. | 


/О, Control/Status and Timer Registers 


ЕСТЕ БЕНЕН.” O ЕНЕҢ 


· PA Data 


Register. Name/Notes | 


Port А Data /О 

Port В Data ИО 

Port C Data ИО 

Port C Data ИО 

Port D Data I/O. 

Port E Data Output Only 
Port F Data ИО 

Port G Data Input Only 
Port A Direction 

Port B Direction 

Port C Direction 

Port C Direction 

Port D Direction 


Port F Direction 


Bus Control Register > | 
- Host Control and Status Register | 
Interrupt Control and Status Register 
. Clear Interrupt Flags Register 
Inter-Processor Communication Interrupt Register 
Power Control Register 
Timer A Control and Status Register 
Timer A Lower Counter (LCA)/Lower Latch (LLA) 
Timer A Snapshot Latch (SLA)/Upper Latch (ULA) 
Timer A Snapshot Latch (SLA)/Upper Latch, 
Download and Start Timer 
Timer B Control and Status Register 
Timer B Lower Counter (LCB)/Lower Latch (LLB) 
Timer B Upper Counter (UCB)/Upper Latch (ULB) 
Timer B Upper Counter (UCB)/Upper Latch э 
. Download and Start Timer 


3. Н65С00/21 to/from Host data transfer bits in HCSR: 


IBF — Input Buffer Full flag bit 
OBE - Output Buffer Empty flag bit 
RSI = Register Select Input bit 
RSO = Register Select Output bit 


4, — = Not used—indeterminate data when read 
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Address. 
(Hex) | 


“CPU A | 
“ACTIVE 


‚ WRITE ONLY REGISTER—NO SPECIFIC BIT (IPCIR) - 


NOT USED 


| Note: А! control and status registers are cleared to zero by RES 


INTERRUPT CONTROL AND STATUS 


Unlike other R6500 family devices, the R65C00/21 does пої 
concentrate the interrupt flags into a single register. The 
R65C00/21, in general, places the interrupt flags in registers 
which also have to do with the control of the particular function 
which can cause the interrupt. 


Interrupt enable control is located in the following registers: 


HCSR Host Control and Status Register 
ICSR Interrupt Contro! and Status Register 


Dual CMOS Microcomputer/Microprocessor 
Table 3. Control/Status Registers Formats Summary | 


Bit Number 


NOT USED 
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BUS 
CONTROL 
REGISTER 
(BCR) 


BUS 
EXTENSION 
MODE 


HOST 
CONTROL AND 
‚ | STATUS 

| REGISTER 
(HCSR) 


INTERRUPT 
CONTROL AND 
STATUS 
REGISTER 
(ICSR) 


CLEAR 
INTERRUPT 
FLAGS. 
REGISTER 
(CIFR) | 


NOT USED 


INTER- 
PROCESSOR 

| COMMUNICATION 
INTERRUPT 
REGISTER (РС). 


POWER 
CONTROL 
REGISTER 
| (PCR) 


TIMER A 
CONTROL AND 
STATUS 
REGISTER 
(TACSR) 


| TIMER В. 
CONTROL АМО 
STATUS 
REGISTER 
(TBCSR) 


. LOW 

‘PWR 
CPUB 

(LPB) 


TIMER A 
MODE 
SELECT 


TIMER B 
MODE 
SELECT 


TACSR Timer A Control and Status Register 
TBCSR Timer B Control and Status Register 


Portions of each of these registers relating to interrupt enables 
are duplicated for each of the two CPU's. However, only one 
memory address has been allocated so that each CPU uses the 
same address to select its own interrupt enables. The specific 
details of the usage of the interrupt control bits are discussed 
in the corresponding functional area. 
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CLOCK CIRCUITS 


CLOCK OSCILLATOR 


The internal clock oscillator generates the system clock (92) 
which clocks а! А65С00/21 operations. The system clock fre- 


quency ranges from 10 KHz to 4 MHz (the upper limit deter- 


mined by the R65C00/21 part number) which is one-half the 


external crystal (or master clock) frequency. Each CPU in turn 


operates at one-half the system clock frequency (alternate 
cycles). All operations to memory or VO take place at the system 


"^: elock frequency. Since each CPU shares the common segments 


of the system on alternate system clock cycles, all. internal 
operations occur at the system clock rate but, for CPU timing 


".. purposes, a CPU cycle rate of half the system rate is used. Thus 


with a 4 MHz crystal frequency, the system clock rate is 2 MHz 
and each CPU operates at an effective 1 MHz rate. Every two 
system clock periods sees one cycle devoted to m A and one 
cycle devoted to CPU B. | 


Тпе 02 clock is | normally routed externally to clock external 
memory operations in the extended bus mode. A mask option 
allows the 02 clock to be configured as an input so the 


В65С00/21 can operate in a slaved clock mode. In this case, · 
ће crystal input (XT. АН) is grounded and crystal output (XTALO) _ 


is left. open as shown in Figure 5. 


LOW POWER OPERATION 


The divide- by-128 clock prescaler operates in one of three ways | 


(see Figure 6). One is the prescaler switched completely out 
which gives.a system clock rate (02) at one-half of the crystal 
frequency. Another way is to select the low power operation for 
both CPUs which switches in the clock prescaler. The clock 
prescaler divides the system clock frequency by 128 to generate 
the prescaled system clock rate (@2PS). This reduces the device 
power requirements and also reduces the counting rate of both 
counter/timers by a factor of 128. The third operating mode for 
the prescaler is to use it for prescaling Timer A only. This mode is 
discussed under the Counter/Timer Operation. 
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POWER CONTROL REGISTER (PCR) 


Two bits in the Power Control Register (PCR) determine oper- . 
ation of the clock prescaler. Each CPU can set its own power. 

control bit and read both of them. When both power control bits — 
are a 1, the system switches to the low power. operation at a 


clock rate of 92/128 (ffaPS). Тһе system. reverts to normal 
. power and speed when either power control bit is a 0 or when 
ап enabled interrupt occurs. In the latter case, the system con- 


tinues to operate at the low rate until the current instruction is 
completed, then it switches to the normal rate. The Power Con- 


_ trol Register is shown in Figure 7. e 


" NOTE 


An enabled interrupt automatically clears the PCR bit for 
the affected CPU. It must be set again by software to 
resume low power mode. . 


Power Control Register (PCR) 


МОТ USED 


Not Used (Don't care) 


Bits 7-2 
Bit 1 Low Power Mode Select for CPU B (LPB) 
1 Low power mode requested by CPU B 
0 Normal power mode requested by CPU B 
Bit 0 Low Power Mode Select for CPU A (LPA) 
1 Low power mode requested by CPU A 
0 Normal power mode requested by CPU A 
Notes: | 


1. Both CPU's can read both bits. 
2. Each CPU can only write its power control bit. 
3. Both bits must be set to enable low power mode. 
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OUTPUT CLOCK INPUT CLOCK 
Г 77 


MASTER | | 22222 SLAVE 


MICROCOMPUTER | | p ' MICROCOMPUTER 
INVERTER USED WHEN SLAVE 


IS TO OPERATE OUT OF PHASE 
WITH MASTER 


Figure 5. Master/Slave Cock Connection 


| PRESCALER LOW FREQ | SYSTEM CLOCK - 
TEORYSTADMASTER ЄЕК (+ 128) SELECTION (02 OR #2Р5) 


POWER 
CONTROL 
REGISTER 


Notes: 


1. Crystal or Master clock frequency is divided by two internally. 
2. System clock is 92 or 62Р$ (02 + 128) if low frequency operat ion for both CPU's Is selected in the Power Control Register. 


3. When а device is strapped for slave clock mode, the input 02 by-passes ine prescaler (i.e., PCR bits will have no affect on the internal £2 clock _ 
rate of the slave processor. | 


Figure 6. System Clock Operation 
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PARALLEL INPUT/OUTPUT PORES 


The R65C00/21 Baralle input/output НЫ consists oi five 


8-bit, bidirection input/output ports, one 8-bit output only port, 
and one 4-bit input only port.” | 


BIDIRECTIONAL PORTS A, B, с, р АМО Е 


. The five 8- bit bidirectional ports (Ports A, B, C, D and F) each 


have an associated data direction register which configures 
individual data ports for either input or output. Port E is output 
. only and port G is input only, therefore, no data direction reg- 
| isters are required for these two > poris 


| OUTPUT MODE 


If the data direction register for a particular bit position па 
bidirectional port is а 1, that bit is defined as ап output ріп. The 
information written into each bit position of the data word is 
loaded into a latch. The information will remain in that latch until 
new data is transmitted to the data word or the power is shut 


‚ off. The output latches are individually connected to output 


drivers for each bit position for which a corresponding bit in the 
data direction register is a 1. The output drivers are double- 
ended, push-pull type. The drivers force the output pins high 


(>2.4\/) if the output data bit ва 1, or low (==0.4М) if the output ` 


data bit is a 0. The output drivers are TTL compatible. 


INPUT MODE 


If the data direction register for a particular bit position in а 
bidirectional port is 0, that bit position is defined as an input pin. 
When the input/output port is read via an LDA, LDX, LDY, ADC, 
SBC, ORA, AND, EOR, or a BIT instruction, all of the information 
on that port's pins are read into the corresponding register and 
processed as directed by the instruction. Since the input signal 


lines are at a "float" state, the logic level on them will be read 


_ аз either a 1 or a O for that pin position. A low (>0.8У) input: 
causes a logic 0 to be read and a high (>2.0У) input causes a 
logic 1 to be read. The output values can also be read (if the 
direction bit — 1) since the outputs are also on the pins. The input 
receivers are TTL compatible, are not latched, and are sampled 
near the end of each clock cycle 2 and gated onto the internal 
bus when selected. 


_ PORT А NIBBLE ADDRESSING 


_ Whenever а port i is shared as an output, care must be exercised 
that one CPU does not destroy the other CPU's output data. In 
general, this can be avoided by allocating complete output ports 


to each CPU so that there is no possibility of conflict. However, - 


there may be some situations where at least one port must be 


shared for outputs to get the proper mix for the required appli- | 


cation. Port A is slightly different from the other bidirectional 
ports to allow port A to be safely shared as an output port by 
both CPU's. 


Port A is divided into two 4-bit "nibble ports". Each half (nibble) 
of Port A may be independently addressed by each CPU as 
defined by two. bits in the Bus Control Register (BCR2 and 
BCR3) as described in Bus Extension and. Host Interface sec- 
tion. Depending upon the control bits, either CPU may be 


guod to write to both halves, write to neither half (only 
read—the other CPU writes to the whole register), write to top 
half, or write to bottom half. When a mode has been selected 
for writing to only. one-half of the port, the other half is unaffected. 


ALTERNATIVE MODES ОР OPERATION 


Bidirectional Ports C, 0, and Е all have: alternative modes of 
operation which may be selected in lieu of the bidirectional port 
capabilities. | rS | 


Port C is a data bus for a host computer when the ‚ R65C00/21 | 


_is being used as a programmable peripheral device. This is dis- | 


cussed in more detail under Bus Extension and Host Interface. 


С Port D is a multiplexed data bus (DO through D7) and address | 


bus (АО through A7) when the R65C00/21 is used as а micro- 
computer with external memory and І/О devices. This is also 
detailed under Bus Extension and Host Interface. 


Port F also has the capability of operating in conjunction. with — 
other. segments of the R65C00/21 architecture. as described | 


below. | 


PORT Е CONTROL AND STATUS 


. The Interrupt Control and Status Register (ICSR) and the Clear 
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Interrupt Flags Register (CIFR) control and monitor the opera- 
tion of the Port F external interrupts (bits 2, 1, Rus as well as inter- 
processor communication interrupts. | ж. 


When the РЕО edge-sensitive circuit detects a positive transi- 
tion, bit 4 of the ICSR is set to a 1. An internal interrupt request 
(IRQ) is generated to a CPU whenever this bit is set and the 
corresponding PFO Interrupt Enable Flag (ICSR bit O) is set to 
a 1 for that CPU. Similarly, a negative going transition on PF1 
sets the edge detect flag in ICR bit 5. ICSR bit 1 is the corre- 

sponding PF1 Interrupt Enable bit. As in all cases of the interrupt _ 
enable bits, each CPU has its own set, addressed at the same - 
location, but held separately. 


Port F signal PF2 has an external interrupt request (IRQ) capa- 
bility. When this signal goes low, bit 6 of the Interrupt Control 
and Status Register is set and remains set as long as the signal - 
is low. If the corresponding PF2 Interrupt Enable bit (bit 2) in its 
segment of the Interrupt Control and Status Register is a 1 while 
the PF2 Low Interrupt bit n 6) is a 1, ап interrupt а is 
generated. | 


Each СРИ п may thus control the external interrupt independently 
of the internal interrupts. If the | flag in Ше Processor Status 
Register of a particular CPU is a 1, no IRQ's will be honored. 
If the І flag is а 0 and that CPU's interrupt enable in bit 2 of the 
Interrupt Control and Status Register is a 0, only internal inter- 
rupts will interrupt that CPU. If bit 2 is a 1, any IRQ will be 
honored. 


The Port Е signals РЕЗ and PF4 can be used as external inter- 
faces for Counter/Timers A and B, respectively (refer to the 
Counter/Timers description). Finally, PF7 can be used as an 
active-low interrupt to a host processor. The operation of the 
R65C00/21 with a host processor is discussed under Bus Exten- 
sion mode. 
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The Inter-Processor Communication Interrupt (IPCA апа IPCB) | 
bit in the ICSR allows each CPU to interrupt the other CPU if - 


all of the other normal IRQ conditions are correct. CPU A sets 

the IPCB Interrupt Flag in CPU B's Interrupt Control and Status 

Register and CPU B sets the IPCA Interrupt Flag in CPU A by 

any write to location 0014, the Inter-Processor communications 

Interrupt Register. This is not an actual register, but writing any 

value here sets the other CPU IPCI flag. This Dep 
communications is illustrated in Figure 7. 


Interrupt Control And Status Register (ICSR) 


Bit7 — Inter-Processor Communication (IPC) Interrupt Flag 


(A or B) 
1 An inter-processor interrupt is requested by the other 
CPU 
0 No internal interrupt is requested 
Bit6 РЕ2 Low Interrupt Flag (A and В) 
1 PF2 is low 
0 PF2 is high 


Bit5 9 PF1 Negative Edge Detect Interrupt Flag 


1 A positive-to-negative transition on PF1 occurred 

0. No positive-to-negative transition on PF1 occurred 
Bit4 PFO Positive Edge Detect Interrupt Flag 

1 A positive-to-negative transition on PFO occurred 

0 No positive-to-negative transition on PFO occurred 
ВИЗ Inter-Processor Communication Interrupt Enable 

(A or B) 

1 Enables inter-processor communication interrupt (bit 7) 

0 Disables inter-processor communication interrupt (bit 7) 
Bit2 РҒ2 Interrupt Enable (А or В) 

1 Enables PF2 interrupt (bit 6) 


Disables PF2 interrupt (bit 6) 


Bit1 PF1 Interrupt Enable (А or B) 
1 Enables PF1 interrupt (bit 5) 
0 Disables PF1 interrupt (bit 5) 


ВиО . PFO Interrupt Enable (A or B) 
1 Enables PFO interrupt (bit 4) 
0 Disables PFO interrupt (bit 4) 


Figure 7. Inter Processor Communication 


| CLEAR INTERRUPT FLAGS REGISTER (CIFR) 


The Clear Interrupt Flags Register (CIFR) is similar to the ICSR 
in that only one address is used but the bit pattern operates only 
on the status bits for its own processor. Thus only CPU A may 
clear IPCA but either may clear the edge detection flag bits. Bit 
6 will only be cleared when the signal on PF2 goes high. 
Actually, the Clear Interrupt Flags Register is not a register at 
all, but addressing a bit pattern to this location performs the 
function. Any bit to which a zero is written will clear the corre- 
sponding interrupt flag. A read of this word returns logic one's 
so that the new Reset Memory Bit instructions may be used to 
clear these flags. 


Clear Interrupt Flags Register (CIFR) 


NOT USED 


Bit7 Clear Inter-Processing Communication Interrupt Flag 
1. Has no effect on the IPC Flag 
0 Clears the IPC Interrupt Flag (specific CPU, A or B) 


Bit 6 Not Used 


К5 Clear PF1 Interrupt Flag 
1 Has no effect on the PF1 Interrupt Flag 
0 Clears the PF1 Interrupt Flag (either CPU) 


Bit4 Clear PFO Interrupt Flag 
14 Has по effect on the PFO Interrupt Flag 
0 Clears the PFO Interrupt Flag (either CPU) 


Bit 3-0 Not Used 


OUTPUT ONLY PORT E 


The output characteristics of Port E are identical to that of the 
bidirectional ports. The main difference is that there is no data 
direction register and also no capability of reading the infor- 
mation being output. Attempting to read Port E loads indeter- 
minate data onto the internal bus. | 


Port E is a dual function port which, in addition to being an 
output port, can also serve as address bits A15 through A8 
when the. R65C00/21 is addressing external memory and I/O 
devices. This is discussed in more detail under Bus Extension 
and Host Interface. 


INPUT ONLY PORT G 


The input characteristics of the 4-bit Port G are the same as a 
bidirectional port in an input mode. The difference is that only 
four bits are input into the least significant bits of the data reg- 
ister and the most significant bits are loaded as zeros. 
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„ COUNTER/TIMERS. 


There are two separate 16- БИ counter/timer systems in the 
В65С00/21: Counter/Timer А апа Counter/Timer B. The block 
diagram of the counter/timers (also referred to as the timers, the 
counters, Timer A, or Timer В) 5 shown in Figure 8. Timer А 
has eight operating modes and five registers while Timer B has 


four. operating modes and four registers. Both counter/timers ` 


have a 16- bit counter comprised of two 8- bit segments: Lower 


DATA BUS 


TIMER B 


Сейнег (LCA a and LCB, wie: A and B refer 10 Counter Tite: 


A and-B) and Upper Counter (UCA and UCB). Both counter/ 
timers also have a 16-bit latch section consisting of two 8-bit 
segments: Lower Latch (LLA and LLB) and Upper Latch (ULA 
and ULB). In addition, only Timer A has an 8-bit Snapshot Latch 

(SLA) register. | 


^ТАСЗ ^^ 


Те + 128 | ; 
OJH внвсанн |4--2 
РЕЗ 

РҒ4/02 


Figure 8. Counter/Timer Block Diagram 
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Data аге written to the latches which act as holding ое for 
_ loading or reloading the initial counter/timer | values upon mode 
initiation or counter/timer restart. | 


Воћ timers count down from the pre-set latch value and set an 
appropriate underflow flag when: the counter counts through 
zero. The counter actually never counts below zero. At the time 
the counter would go negative, the contents of the latches 
replace the count value with’ no time delay. | 


Еасћ counter/timer has three addresses for accessing the five 
(Counter/Timer А) or four (Counter/Timer B) 8-bit registers in 
its system. Consequently, the R/W line also aids in addressing 
the registers. Reading or writing to specific registers may also 
have other effects such as clearing an interrupt flag or trans- 
ferring latch data to the counter. Consult the input/output and 
control register memory map in Table 2 for the effects of reading 
or writing to specific registers in the мо counter/timer systems. 


Éach counter/timer has operating modes which are clocked 
either at the system clock rate (02) or an external event clock 
rate. In addition, Timer А can operate with a prescaled Й2/128 
clock rate. 


COUNTER/TIMER A (TA) 


 Counter/Timer A, with its four additional modes and Snapshot 
naci is generally more flexible than Counter/ Timer B. 


| The Snapshot Latch (SLA) solves a problem which sometimes 
occurs when a timer is read. The problem is that between the 
. time when the low byte of the 16-bit counter is read and the time 

when the high byte is read it is possible for the high byte to have 
been decremented. The resulting 16-bit value would, in this 
case be incorrect. In. many.modes of timer, the values are по! 
. actually read but the zero count transition is important. These 
types of applications do not require the use of the Snapshot 
Latch register. If the timer count value is to be used directly from 
a running timer, however, Шә Timer A Snapshot Latch should 
beused. ^ 


Timer A а the ӨРГӨН stated above by sampling the 

value of the upper counter byte into the Snapshot Latch every 

_ time the lower counter byte is read. The value of the Upper Coun- 

. ter can be obtained by first reading the Lower Counter at address 

0017, then reading. the Snapshot Latch at address 0018 or 0019. 
Note that reading address 0019 also resets the Timer A Under- 
flow Ще, flagi; 


A Бари architectural difference УТА the tio timers is that 
Timer A can have its clock input scaled down by a factor of 128 
during normal power operation. This allows Timer A to measure 
longer periods of time internally while the microcomputer in 
operating at the 02 system clock rate. With a 4 MHz system 
‘clock, more than two second time intervals (up to 2.097 sec- 
опа) can be measured directly without any software interven- 
tion. Without the prescaler, 16. 384 ms is the longest time interval 
at 4 MHz. > 
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Тітег А Моде Control 


The operation of Timer A is а and monitored by the 
Timer A Control and. Status Register (TACRS). 


Bits 0-2 select the Timer A mode of operation. 


Bit 3, when set to a 1, causes the clock prescaler to be switched 
into the circuit so that the timer may count о intervals in 
modes which allow it. 


Timer A Interrupt Enable, TACSR bit 4, if set to a 1 by a CPU, 
enables generation of an internal IRQ to that CPU when the UFA 
flag is set. 


Bit 6 copies bit 3 of Port F (PF3) as this bit has several different 
uses with Timer A. However, when Timer A is not using this bit 
it may be used as any other input or output bit. In any event, bit 
3 of the Port F Data Direction Register must be set appropri- 
ately, for either input or output, whether or not t is used with 
Timer А. 


Bit 7 is the УРА bit which indicates that Timer А has counted 
down through zero. This may be detected by reading the bit or 
may be used to cause an ІНО interrupt if bit 4 of the TACSR is 
set to a 1. The UFA flag is reset to a 0 by reading SLA or writing 
ULA at address 0019. 


Timer A Control And Status Register (TACSR) - 


TIMER A 


MODE 
SELECT 


Bit 7 Timer A Џпдегћом Flag (UFA) 

1 Underflow condition occurred 

о ^ No underflow ^ 
Bit 6 Port F Bit 3 (PF3) Level 

1 РЕЗ High 
. 0 PF3 Low 
Bit5 Not Used (Don't care) 
Bit4 Timer A Interrupt Enable 

1 Enable Timer A Interrupt 

0 Disable Timer A Interrupt 
Bit 3 Timer A Clock Prescaier Enable! | 

1. Enable Clock Prescaler (92/128) 

0 Disable Clock Prescaler (02) 
Bits 2100 Timer A Mode Select (TAMS) 
210. 
000 Timer А Off | 
0 0 1 Free-Run Event Counter Mode’ 
ото Free-Run Pulse Width Measurement Mode’ 
01 1 Retriggerable One-Shot Timer Mode’ 
1 0 0 One-Shot Interval Timer Mode | 
1 0 1 Free-Run Interval Timer Mode 
1-1 0 One-Shot Pulse Generation Mode 
1.1 1 Free-Run Pulse Generation Mode 

Note: 


1. Prescaler must be disabled (bit 3 =0) for Free- Run Event Counter 
Mode, Free-Run Pulse Width Measurement Mode, and Retrigger- 
able One-Shot Timer Mode. These three modes do not allow 
prescaling. 
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Timer A Operating Modes 
The Timer A mode of operation is selected TN setting bits. 0-2 


. of the Timer A Control and Status Register (TACSR) to the | 


appropriate code. 


Timer A Off, Mode 0 


. "Timer A is turned off in this mode. The Timer A Underflow Flag 
(UFA) stays at its current state. The counter holds its current 
value and may be read. Writing to the registers performs the 
usual functions associated with that address but the counter 
remains stopped. This is the default condition. 


. Timer A Free-Run Event Counter, Mode 1 


The Timer A Upper Counter (ОСА), and: Lower Counter (LCA) 
is loaded with the Timer A Upper Latch (ULA) and Lower Latch 
(LLA) value when the data is written to the Timer A Upper Latch 


at address 0019. Timer A then decrements by 1 at each neg- 


ative transition of the signal on input Port PF3. (The Port F data 
direction register must have a 0 in bit 3.) The Timer A Underflow 
Flag (UFA) is set to 1 when the counter decrements below zero. 


At this same time, the latch value is reloaded into ОСА and LCA. 


The maximum rate of the signal on РЕЗ which na be detected 
is one-half of the #2 system clock rate. 


Timer A Free-Run Pulse Width а 
Моде 2 


. Writing to ULA at 0019 transfers the 16-bit latch to the counter 

which operates as a timer in this mode. The initial value in the 
timer is decremented at the Z2 rate when the PF3 signal is low. 
Otherwise, the counter holds its value. Counting stops when the 
РЕЗ signal goes high and will resume if the signal goes low 
again. If the counter counts below zero, the counter initial value 
is reloaded from the latches and the UFA flag is set. 


Timer A One-Shot Retriggerable Timer, Mode 3 


This mode is similar to Mode 4 except that the timer restarts 
each time РЕЗ goes through a high-to-low transition and counts 
down until the counter goes through zero. A second difference 
is that the clock prescaler may not be used with this mode. The 
data direction register bit 3 (РЕЗ): must be zero to select input. 


Timer A One-Shot Interval Timer, Mode 4 


Writing to ULA at 0019 transfers the initial value from the latches 
and starts the timer. The timer counts at either the Z2, or scaled 
02 (02/128), rate. When the counter counts through zero, the 
latch value is transferred to the counter, the UFA flag is set and 
the counter stops Сора. 


Timer A Free-Run Interval Timer, Mode 5 


Writing ULA at 0019 transfers the 16-bit latch value to the timer 
and starts it running. The counter counts down at either the 02, 
or the scaled 22 (02/128), rate. When the counter counts through 
zero the UFA flag is set, the value in the latches is transferred 
to the counter, and the counter continues to count down. | 
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Timer A One-Shot Pulse Generation, Mode 6 


The PF3 data direction register. bit must. be set to a 1 before 
starting this mode to initially force a high output. Writing ULA 
at 0019 starts. the timer and clears the РЕЗ: data output bit to 
а 0 causing a low output. The PF3 output remains low until the 
timer counts through zero. At this time, the PF3 output goes high 
until the mode is restarted or a new mode is selected. The UFA 
flag is also set at this time and the counter is stopped. The timer 
counts at either the 2, or the scaled p2 (га 128), гаје. 


Тітег А. tred Hun Pulse ‘Generation: Mode 7 


The data direction register for PF3 must be зе! to а 110 select 
the PF3 output before starting this mode. Writing to. ULA at 
0019 sets РЕЗ to 0 forcing a low output and starts the timer. 
Each time the timer counts through Zero, the PF3 output changes 
state to generate. a square wave at a rate dependent, upon the 
latch value. The timer counts at either Z2, or the scaled #2 (02/ 
128), rate. Each time the counter counts through zero, the latch 
contents are automatically transferred to. the timer Tegistors and 
the UFA flag is set. | 


COUNTER/T IMER B (ТВ) | 


Timer B is a simpler timer than Timer A but it still retains great | 
flexibility. Unlike Timer’A, there is no "off" mode (the default. 
mode is the:Free-Run Interval Timer Mode) and there is no sep- 
arate selectable clock prescaler. All counting (except for counting | 
external events) 15"допе either at the 02 clock rate or/2/128. 
rate (when low power mode is selected). Another difference is 
that Титег-В does not have the snapshot latch register for 
freezing the upper timer byte for reading. However, in its normal 
modes the.counter counts through zero to set the Underflow 
Flag B (UFB) so that a snapshot latch register is not required. 


Timer B Mode Control 

The operation of Timer B is controlled and monitored by the 
Timer B Control and Status Register (TBCSR). 

Bits 0-1 select the Timer B operating mode. 


Timer B Interrupt Enable, bit 4, when set to а1 
enables generation of an internal interrupt request б 
CPU when the ОҒВ flag is set. 


by a CPU, 


ІБО 


D ‘to that 


Bit 6 of the TBCSR copies bit 4 of Port F (PF4) as this bit has 
several different uses with Timer B. However, when Timer B is 
not using this bit it may be used as any other input or output bit. 
In any event, bit 4 of the Port F. Data Direction Register must 
be set appropriately for either input or жены whether or not it 
is used wn Timer B. | Қ 


Bit 7 іп the TBCSR is the UFB bit which indicates that Timer. B 
has counted down through zero. This may be detected by 
reading the bit or may be used to cause an ІНО interrupt if bit 
4 of the TBCSR is set to a 1. The UFB bit is reset by either 
reading UCB or writing to ULB at address 0010. 
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Timer B Control and Status Register (TBCSR) | 


TIMER B 


MODE 
SELECT 


Timer B Underflow Flag (UFB) 
‘Underflow condition occurred 
No underflow 


С Port F Bit 4 (РЕД) Level | Indicator 
.PF4High 0 
_РЕ4 Low | 


Not Used (Don't care) 


Timer B Interrupt Enable 
Enable Timer B Interrupt 
Disable Timer B Interrupt 

Мой Used (Don't care) | 


. Timer B Mode Select (TMS) 


m 
= 
> 


|I 
п о ~ 
оз : 
1 
TO 


w 
ты 
o 
- 
1 
о 


Free-Run Interval Timer Mode 
Free-Run Pulse Generator Mode 
Event Counter Mode 

Pulse Width Measurement Mode - 


= о = olo 


Timer B Operating Modes 


The Timer B operating mode is selected by setting bits О апа 
1 in ие TBCSR to Ше appropriate code. 


Timer B Free-Run Interval Timer, Mode 0 


Writing to Timer B Upper Latch (ULB) at 001D transfers the 
16-bit latch value to the timer and starts it running. The counter 
counts down at the 2 rate. Wheh the counter counts through 
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zero, the Timer B Underflow Flag (UFB) is set to a 1, the value 
in the latches is transferred to the counter and the counter con- 
tinues to count down. 


Timer B Free-Run Pulse Generation, Mode 1 


The data direction register for PF4 must be set to a 1 to select 
PF4 output before starting this mode. Writing to ULB at 0010 
sets PF4 to 0 to force the PF4 output low and starts the timer. 
Each time the timer counts through zero, the PF4 output changes 
state to generate. a square wave at a гаје dependent upon the 
initial value loaded into the latches. The timer counts at the (2 
rate. Each time the counter counts through zero, the latch values 
are automatically. transferred to the timer registers and the UFB 


flag i is set to a 1. 


Timer B Event Counter, Mode 2 


The data direction register bit for PF4 must be set toa 0 to select 
РЕ4 input prior to selecting this mode. The counter is loaded 
with the latch value when the ULB data is written to address 
001D. Timer B then decrements by 1 at each negative transition 
on input Port PF4. The. Timer B Underflow Flag (UFB) is set to 
a 1, when Counter B counts through zero. At this same time, 
the latch value is reloaded into Timer B. The maximum rate of 
the signal on PF4 which may be detected is one-half of the 02 
clock rate. 


| Timer B Pulse Width Measurement, Mode 3 


Writing to ULB at 001D transfers the 16- bit latch value to the 
counter. The initial value in the timer is decremented at the #2 
rate when the РЕ4 signal is low. Each time the РЕ4 signal goes 
high, the counter stops and then continues when the signal is 
low again. If the counter counts through zero, the UFB flag is 
set to 1 and the latch value transfers to reinitialize the counter 
and the countdown continues as. "ng as PF4 is low. 


.R65C00/21e R65C29. 


_ Dual. CMOS Microcomputer/Microprocessor 


BUS EXT ENSION 


In addition to its application as a single- chip AES the 
bus extension mode allows the R65C00/21 to operate as a micro- 
processor with external етшу! апа 1/0. 


BUS EXTENSION MODE 


When the. R65C00/21 is used as a single-chip microcomputer, 
all of the output ports may be used ав ‘input or output. ports. 
However, to use the В65С00/21 with external ROM, RAM, or 
/О, а питрег of the ports. act as extensions of the internal 


. address and data buses. Specifically, Port D becomes dedi- 
_ cated as a multiplexed 8-bit data and address bus. Port D pro- 
. vides both the data bus (00 through D7) and the low bits of the | 


address (AO through A7) on pins PDO through PD7. When a bus 
extension mode is selected, the Port D Data Direction Register 
must be cleared to zero (its default condition) to configure Port 
D as all inputs. The R65C00/21 then controls Port D as an 
extension of the internal bus structure and provides an active- 
low External Memory Select (EMS) strobe signal at the time the 


. address bits аге available. The EMS signal is present even 


when Fert D is being used as а normal input/output register, 


The R65C00/21 has the option of using &, 12- or 16- bit address 
bus extensions. Selection of the bus extension mode is con- 
trolled by bits 0 and 1 of the Bus Control Register (BCR). When 
the 8-bit mode is selected, only the Port D multiplexed address/ 
data bus function is required. However, if either the 12- or 16- 
bit address bus extension is selected, either one half or all of 
output Port E also becomes dedicated to the bus extension 
function. If a 16-bit bus extension is selected, then all of Port E 
becomes the upper address bits A8 through A15 on pins PEO 
through PE7, respectively. If the 12-bit bus extension is selected, 
then the address lines A8 through A11 appear on PEO through 
РЕЗ. In this case, PE4 through PE7 have their usual output 
function. 


Since Port D is multiplexed, it is necessary that external latches | 


be supplied to hold the lower eight bits of the address bus. The 
EMS output is low when the address is being supplied from Port 
D. All of the other necessary control bus signals are also pro- 
vided; these include Z2 and R/W. The SYNC and ЙА signals аге 
also brought out for use by development systems and bus ana- 
lyzers for system debugging. 


In a one-chip configuration, the 128 bytes of internal page one 


RAM (address 0180 through 01FF), is logically combined with. 


page (0080-00FF). However, when an extended bus is used, 
the stack page may be addressed in its normal range in external 


. memory (0100-01FF). When bit 4 of the Bus Control Register 
із а 0, page one is internal and shared with page zero; when it 


is a 1, page one is external TE ONNO full 256 bytes available to 


the two stacks. 
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nee 915 ап aderai block POM о! а i system | using the 
В65С00/21 in the bus extension mode. | 


The CPU A Active signal (bit 7 of the BCR) is high when -CPU 


А is controlling the system bus, and low when CPU B is active. 
This bit copies the state of the ДА output signal. Consequently, 
the bit may be sampled in common subroutines to determine 
the calling CPU, or for bank selection purposes. Thus, CPU A 
and CPU B may have some external memory or: ‘VO dedicated | 
to their exclusive use. Each may separately address as much. 
as 59.5K bytes of external memory ыч, ог external етеу т 
тау бе зћагед. о to a 


Bus Control Register. (BCR) 


PAGE | PORTA | BUS. 
мот USED | ONE | NIBBLE ^ | EXTENSION 
EXT | MODE | MODE 


Bt7 ___СРЏА Active И 
24 CPU A active 
0 . CPU B active | 
Bits 6-5 Мої Used (Don't Саге): 
Bit4 7 Раде One External/internal када 3 
1 Page One External ·. 
О Page One Internal 

Bits 3-2 Port A Write Nibble Control 

з 2 | m | 

0 О | CPUAwrites to both halves (РАО-РА7). | 

0O 4 - CPU Awrités to upper half (PA4-PA7); CPU В 
writes to lower half (PAO-PA3). 

1 0 CPU A writes to lower half (РАО- ГАЗИ CPU B writes 
to upper half (РАО4-РА7). 

1 1 CPU B writes to both halves (PAO- ГАЙ 

Bits 1-0 Bus Extension Mode 

1 0. 

0 0 Bus Extension Mode not selected. 

. 0 1 8-bit Address Extension Mode. Range equals 256. 

1 0 12-bit Address Extension Mode. Range equals 4096. 

1 1 16-bit Address Extension Mode. а equals 
65,536. 

Note: 


*Either CPU may read the full port at any time. 


> PORT А 


PORT B 


> PORTC — 


_ R65C00/21 Белге 
DUAL ( 
_ MICROCOMPUTER 
PORT 6 


PORT E UPPER ADDR 0,4,8* АД _ 


UP TO 
59.5K BYTES. 


PERIPHERALS 


| PORTD 7 DATA 8 5 


С NOTE: | 
. ‘UPPER ADDRESS EXTENSION MAY BE 0, 4 OR 8 LINES. 


4 : Figure 9. Bus Extension Mode Block Diagram _ 
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PROGRAMMABLE PERIPHERAL 
TO A HOST MODE 


An overall block: diagram of а system using ап R65C00/21 as | 


an intelligent со is shown in Figure 10. 


In this configuration, three of the Н65С00/21 input/output ports | 
‚ have special significance. Port C becomes the interface with the 


. host data bus (Port C's Data Direction Register must specify as 

the input; i.e., all zeros). Pin PF7 becomes an active-low Host 

Interrupt (HINT) line, and the 4-bit input Port G becomes the 
control pins interface to the Host computer. 


¿o ‘The R65C00/21 is configured to operate as a peripheral for 
^, either the R6500 or 6800 families, or the 280 or 8080 families. 
ог When operating in the 6500/6800 mode, PGO is an input for the 
host 02 (H2) and PG1 is the part for the host R/W (HRW) 


control. lines. 


When. operating in the 780/8080 mode, PGO accepts the host. 
RD (HRD) control and PG1 provides the host WR (HWR) control. 


In both cases, , PG2 Serves asa register select (HRS) and PG3 
acts as an active-low chip select (CS) from the host. HRS is 


used in conjunction with the CS and HWR to control reading or. р 


writing of data or status information as shown in Table ^ 


Contro! of the host mode options is provided by the пон Control | 


| апа pee Register (HOSA). 


When the host writes a byte into the Input Butfer (Port о the 


Input Buffer Full (IBF) flag is set to a 1. Similarly, when a byte 


is read from the Output Buffer (Port C) by the host, the Output . 
Buffer Full (ОВЕ) flag is cleared to a 0. Setting bit 3 ofthe HCSR | 


‘Dual смоз Microcomputer/Microprocessor 


Table 4. - Register Select Control | 


. Host Function - 
_ (6500/6800 Mode) | 


| Host Interface Deselected 
Write Input Buffer, . 

HCSR5 RSI cleared, set IBF 

- Read. Output Buffer, Clear ОВЕ 
Write Input Buffer, | 
© | HCSRS5 151 set, set IBF. 

H _ | Read upper 3 bits eS 

- ОВЕ, ВЕ & RSO | 


Host Function 
(8080/7280 Mode) 


— | Desetected: | 
Write Input Buffer, 0-0 
| HCSR5 RSI cleared, set IBF 
| Read Output Buffer, Clear OBF 
‘Write Input Buffer, 
| HCSRS RS1 set, set IBF 
Read upper 3 bits of HCSR; | 
OBF, IBF & RSO 


enables generation of an internal interrupt request (IRQ) when | Bit 7 Output Buffer Empty (OBE) Flag 
either the IBF flag is a 1 or the ОВЕ flag is a 0. This logic is | 
duplicated for both CPU's. 1 Output Buffer Full 
i о Output Buffer Empty 
Setting bit 2 of the HCSR to a 1 enables generation of any | Bit6 Input Buffer Full (IBF) Flag 
interrupt signal to the host computer. In this case, bit 7 of Port 1 - Input Buffer Full 
F is pulled low by either а write to Port C (Output Buffer) or a 0 Input Buffer Empty 
read from Port C (Input Putter), by either of the ша ща Bt5 0 Register Select | 
CPU's. - - Distinguishes commands from data. Host reads 
| | | | _ RSO апа R65C00/21 reads RSI. Selection of 1 or 0 ` 
Bit 5 of the HCSR is actually two different bits representing Reg- to represent commands or data is user defined. 
ister Select Input (RSI) and Register Select Output (RSO). The қ ааа 
„ R65C00/21 writes bit RSO and reads bit RSI, while the host M E ани | 
writes RSI and reads RSO. The R65C00/21 writes а 0 to this Bit 3 Input/Output Buffer Interrupt Enable 
bit when Port C is addressed at 0002 and a 1 when Port C is ! Enable IRQ-IBE = 1) 
addressed а! 0003. When the host writes to the R65CO0/21 Э реве тау 
through Port С, the level of the HRS input is copied into the RSI Bit2 Host Interrupt (HINT) Output Enable 
bit. This bit allows the communications between the host system 1 Disable HINT Output to Host 
. and the R65C00/21 to flag the type of data being transferred 0. Enable HINT Output to Host (qe - » 
so that command information may be distinguished from data. вит. Host Bus Enable 
кс 1 Disable Host Bus 
0 Enable Host Bus 
Bit o Host Bus Type 
1 . Host Bus is 280/8080 
20 Host Виз is 6500/6800 
Note: 


Register is cleared to all zeros D RES. 
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`В65С00/21 » А65С29 _ 


Н65С00/21 
> DUAL 
MICROCOMPUTER 
| USED 
. AS AN 
INTELLIGENT 
CONTROLLER 


HG2/HRD _ 


` = Dual CMOS Microcomputer/Microprocessor | 


( PORT С HOST DATA BUS 8 У 


HOST 
SYSTEM 


Figure 10. Host Mode Вюск Diagam . 


EMULATION MODE _ 
| The R65C00/21 can operate in an emulation mode under exter- 
nal signal control. | | 


_ Emulation mode deselects the internal ROM and enables the 
.^16-bit Expanded Bus mode, independent of the bus mode pro- 


for Port D are also forced external. · 


E To further aid program (development: in | emulation mode, all bus 


- cycles which регіогті-а memory or I/O write operation, whether. | 


BL ge the true destination is internal or external, will assert the External 
NON Memory: Strobe (EMS) signal. This allows a copy of internal reg- 


327 


RE ister and Ше пори values to be kept i in external memory. 
grammed in the Bus Control Register. Since the Expanded Bus `- 
mode uses peripheral Ports D and E, provision is made for | 
22 these to be emulated in external hardware. This is ассот- 
_ plished Бу forcing all memory references to Ports О апа Е їо = 
be External Bus cycles. Accesses to the Data Direction megister: | 


| ` Emulation mode: is. ; Selected Бу. applying ihe g2 oùtput clock 
| sual to the: RES npa pin. | 


Б65000/21-865С29- AE CS “Dual CMOS Microcomputer/Microprocessor 


INSTRUCTION SET IN ALPHABETIC SEQUENCE 


The following table contains a summary of the R65C00/21 and | . The instructions notated with a * are added instructions for the 
R65C29 CPU instruction set. For detailed information, consult -R65C00/21 and R65C29 which are not part of the standard 
the R6502 Microcomputer System Programming Manual, Order 6502 instruction set. 

Мо. 202. | ај | 


Instruction Seti in. Alphabetic. Sequence 


| PLE ` Description : ИЕ | . Description. — 
| Ада Memory to Accumulator with Carry | 3 Load Accumulator with Memory 
"АМО" Memory with Accumulator | ӘЗІЗ | . Load Index X with Memory _ 


Shift Left. One Bit (Memory or Accumulator) EU ‘Load Index Y with Memory - 
оз | Shift One Bit іі пле or Accumulator 


Branch Always | 
Branch on Bit Reset Relative ? were УМ E Multiply 
Branch on Bit Set Relative us | Жайы a 
Branch on Carry Clear | | : _ No Operation 
Branch on Carry Set . | i ten | 
Branch on Result Zero . | | "OR" Memory with Accumulator 
Test Bits in Memory with Accumulator "rg | ж | | | 
Вгапећ оп Result Minus ^'^ 27195 № Push Accumulator or Stack 
Branch оп Result nót Zero. . _ = Push Processor Status on Stack 
Branch on Result Plus { e Push Index X 
Force Break К | ZW | Push Index Y 
Branch on Overflow Clear МЕ СНИМ ТОЛ Ри! Accumulator from Stack 

|. Branch оп Overflow: Set: в | Pull Processor Status from Stack 

са 6 Ри! Index X 

Clear Cary Flag | Pull Index Y 
Clear. Decimal Mode 7 Do 
Clear Interrupt Disable Bit | Reset Memory Bit 
Clear Overflow Flag NR | | Hotate One Bit Left (Memory or Accumulator) 
Compare Memory and Accumulator a Rotate One Bit Right (Memory or Accumulator) 
Compare Memory and Index X Return from Interrupt 
Compare Memory and Index Y | Return from Subroutine 


Decrement Memory by One | Subtract Memory from Accumulator with Borrow 
Decrement Index Х by One... _ Set Carry Flag . 
Decrement Index Y by One Set Decimal Mode 
| "АЈ Set Interrupt Disable Status 
‚ "Exclusive-Or' Memory with Accumulator Set Memory Bit 
| Store Accumulator п Memory 
Increment Memory by One ; Store Index X in Memory 
Increment Index X by One S Store Index Y in Memory 
Increment Index Y by One dE ро | 
| | Transfer Accumulator to Index X 
Jump to New Location Transfer Accumulator to Index Y 
Jump to New Location Saving Return Address || | с Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register — 
Transfer index Y to Accumulator 
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ADDRESSING MODE | РАИ а. мосинс тате 


м 


. . . *9 4 «= < 


+ + © eso + + э э ж 


ee . 222 


| Branch on 2- » (2) 
. |Branch on.N - f . (2) 
. | Branch Aways (1) 
Break 
Branch on М=Й (2) 
Branch on V - 1 (2) 


4... 4 9 4 + 
. 9 . è svs p > жа b а 


E. 
=. 
есь ЕМИ 


622598 %12/00259Н 


в. a. 


oe es 
= + e> 


8-0 


-ысмымымымымы + У > 


+ + © э «+ 
>». » о э э » 


M un 


---O000-- eu 


38 моцопмшем | 


©. >» a. x 
. . s» a.. » 


Jümp to New дс 
Jump Sub 

|M—A (1) 
MX (1) 

MY ШЫ. - | 
й— -с 
соенеп 
A xY — Arsa та. 
AVM—A (1) / 
A—Ms 5 1-5 
РМ S 1-5 

|X-—Ms 5 1-5 
у—М5 S 1-5 
5.1—5 М5-А 
6.1-5 М-Р 
5-1-5 М5-Х 
5-1-5 М5—У 


4-4 а. зв n 
ga M 


оу 


' 


ч 
N 
N 
TN 
N 
N 
ШЕ, 
М 
м: 
[м . 
N > 
N 
N 
9. 


e tee 4040. 


аа o 
==. тт rd ee ew 
oN NNN « 


A-M C3A (1) (5) - 
1—С 

1—0 

т 

1-м, e 


090199 SOWO епа 


dui 


ФЕ тънко нет 


=. 


e 


LEGEND 


1. Add 1 to N if page boundary is crossed - | | = | | " ОХ = Index X қаса ‚ = Add . | 5 
2. Add 1 to МИ branch occurs.to same раде: | E | | АБ г Y = Index Y 3 M - = Subtract | 
|. Add 210 МИ branch occurs to different page | HM | = A = Accumulator Е eo ^ = And 
3. Carry not (C) = Borrow um | Е М =, Memory per effective address SU OL wear WC Or | 
4. If in decimal mode 2 flag is invalid ~ M, = Memory per stack pointer о M = Exclusive or 
accumulator must be checked on zero result. M, - Selecter zero page memory bit m - Number of cycles = 
М, = Метогу Ви; 7 # = Number of Bytes 


5. Effects 8-bit data field of the specified zero page address. 


2055992011010 


Өз 


Н65С00/21е R65C29 | 2 E SN ` Dual CMOS Microcomputer/Microprocessor 
‘INSTRUCTION SET OPERATION CODE MATRIX 


The following matrix shows the op codes associated with the һе number of instruction bytes, and the number of machine 
R65C00/21 and R65C29 CPUs. The matrix identifies the _ cycles associated with each op code. Also, refer to the instruc- 
hexadecimal code, the mnemonic code, the addressing mode, tion set summary for additional information on these op codes. 
LSD 
о 
u) 
> 


! | # з 
i ; | CLC 
1 Implied . 2 
| 12 
| | PLP | | BBR2 
2 Implied |. 2 
| | с ROI ЛВЗ | SEC | ЖЕ | 
3. | , | ZP | Implied 
EE А | LSR- | РНА 
224 | Implied ; | | . | Implied 
| n 2 | epe Е 13 


оі о | MBS | си 
5 | | ФР,Х | Implied 
PLA 


6 | | | P Implied 
| : 14 


| с | | мв7 | SE! | ADC | му 
7 ы Implied | А Implied 
fe 5 | 1 2 1 4 
: | ОЕҮ ТХА 
8 | | Implied Implied 
| 12 12 
ТУА XS 
2 
АХ 


| | STA |Т 
9 | | ‘Implied | ABS, У | Implied 
| 412 з 5 1 


TAY | LDA | T 
A | ; | Sw . | Implied | IMM Implied 
; | | | (p 2 2 


| | 12“ 12 
| | ps ИЛ» | CLV LDA TSX 
B ме | (IND), У | Implied | ABS, У | Implied 
2 5 24 12 |3 4 | + 2 
| МҮ СМР | РЕХ 
C | Implied | !IMM  |Implied 
| | 1222 2 |12 | 
CLD. | CMP РНХ P 3 
О |Relative | Implied | ABS, У | Implied. | 
| 2 e. 4 121340413 
Е | МХ | SBC | МОР | “INC 
| | | implied | IMM  |Implied ABS ABS | 
А 2. 23 12 |2 2 1 2 34 | 3 6 |. 
| в и SED PLX SBC | 
Е (IND), У | Implied Implied ABS, X 
фа 2 5 . | 12 14 3 4' К 
| | 3 8 А D 


— ОР Code | 
— Addressing Mode | —New Орсоде "Add 1 to МИ page boundary is crossed. . 
—Instruction Bytes; Machine Cycles | | **Add 1 to N if branch occurs to same раде; 


Add 2 to N if branch occurs to different page. 
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 R6é5COU21«R65C29 7 Dual CMOS Місгосотршег/Місгоргосезвот | 


VO PORT WAVEFORMS—ALLPORTS | 


С pur C L3 07777. 


ЏО PORT TIMING—ALL PORTS 


-. Parameter | 


Input Data Setup Ti 
"input Data Hold Time (Port D) 


‘Input Data Hold Time 
`` (All ports except D 


| ^ Output Data Delay Time 
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_ В65С00/21е 65029... 7 Dual CMOS Microcomputer/Microprocessor 
| EXPANSION BUS TIMING ту” | 
= 50V + 10%, Та. = 0°С to:70°C | 


Parameter _ | Symbol 


[ PE Address Delay Time Ж | Тарр 
ГРБ Address Hold Time—Read | 
Ы Data Delay Time—Write. | | Тору 
в 

Г Саіа Но | НИ ИК 


5 Мос: 


Pulse Width 22 Low 


[Pulse Width 22 High — Тын | 
“ я г Е ( А " | | 


„Маге: | | 
"22 Frequency: 


EXPANSION BUS WAVE FORMS | 


WRITE CYCLE 
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_А65С00/21• А65С29 | 


m Dual CMOS Microcomputer/Microprocessor 


MAXIMUM RATINGS* 


| Supply Voltage m -0.3 to +7.0 
Input Voltage | |0 -0.3 to Voc 0.3 
i 


*NOTE: This device contains circuitry to protect the inputs 
against damage due to high static voltages, however, it is 
advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this circuit. 


Storage Temperature Тета 


DC CHARACTERISTICS | 
Усс = +5.0\ = 10%, TA = 0°C to 70°С (unless otherwise specified) 


arameter 


Output Low Voltage Мес = 4.5V 
| E | Коло F 1.6 MA 
Output Low Current 

(All ports except Port G) 


Input Capacitance 
(XTALO, XTALI) 
-. (All Others) 


Output Capacitance | 


Operating Frequency | 
Crystal or Master Clock 
02 Clock | 


_ Power Dissipation 


_ | Note: Negative sign indicates outward current flow, positive sign indicates inward current flow. 
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R65C00/21 «e Н65С29 - 7 Dual CMOS Microcomputer/Microprocessor 


PACKAGE DIMENSIONS 
64 PIN PLASTIC ОМІР (QUAD IN-LINE PACKAGE) | 


| MILLIMETERS | 


INCHES > 


ој ен | мн | мах | | 
ІНІМІМІНІМІМІМІМІМІМІ [в | mo | 1753 | 0670 | os | 


o | os | os | 004 | оо 
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| R65F11 е R65F12- 


_ R65F11 AND R65F12 


FORTH BASED MICROCOMPUTERS 


Rockwell 


| SECTION 1 
INTRODUCTION 


1.1 FEATURES 
e FORTH kernel in ROM --- 
е Enhanced 6502 CPU | 
—Four new bit manipulation instructions: 
Set Memory Bit (SMB) 
Reset Memory Bit (RMB) 
Branch on Bit Set (BBS) 
Branch on Bit Reset (BBR) 
—Decimal and binary arithmetic modes 
--13 addressing modes 
—True indexing 
192-byte static RAM 
e 16 bidirectional, TTL-compatible І/О lines (two ports, R65F11) 
or 40 bidirectional, ки-сотраов VO lines (five ports, 
R65F12) 
e One 8-bit port with programmable latched input 
e Two 16-bit programmable counter/timers, with latches. 
—Pulse width measurement 
—Asymmetrical pulse generation 
— Pulse generation 
. —Interval timer 
—Event counter 
—Retriggerable interval timer 
e Serial port 
—Full-duplex asynchronous operation mode 
—Selectable 5- to 8-bit characters 
—Wake-up feature 
— Synchronous shift register mode 
—Standard programmable bit rates, programmable | up to 
62.5K bits/sec 
Ten interrupts | 
—Four edge-sensitive lines; two positive, two negative 
— Резе! И 
--Моп- maskable 
—Two counter 
— Serial data received 
—Serial data transmitted 
Expandable to 16K bytes of external memory 


e Flexible clock circuitry | 

_ —2-МНг ог 1-MHz internal operation 

—Internal clock with external XTAL at two times internal | 
frequency 

—External clock input divided by one ог two 

1 ше minimum instruction execution time @ 2 MHz 

NMOS silicon gate, depletion load technology 

Single --5У power supply 

12 mW standby power for 32 bytes of the 192-byte RAM 

40-pin DIP (R65F11) 

64-pin QUIP (R65F12) has three additional 8-bit ИО ports to 

provide a total of 40 I/O lines. 


1.2 SUMMARY 


The Rockwell R65F11 and R65F12 are complete, high-perfor- 
mance, 8-bit NMOS single chip microcomputers, and. are com- 


_ patible with all members of the R6500 family. 


Тһе kernel of the high level Rockwell Single Chip RSC-FORTH 
language is contained in the preprogrammed ROM of the R65F11 
and R65F12. RSC-FORTH is based on the popular fig-FORTH 


- model with extensions. All of the run time functions of RSC- 


FORTH are contained in the ROM, including 16- and 32-bit 
mathematical, logical and stack manipulation, plus memory and 
input/output operators. The RSC-FORTH Operating System 
allows an external user program written in RSC-FORTH ог 
Assembly Language to. be executed from external EPROM, or 
development of such a program under the control of the R65FR1 

RSC-FORTH Development ROM. Other development ROM’s 
can also be accommodated. 


The R65F11 and R65F12 consist of an enhanced 6502 CPU, 
an internal clock oscillator, 192 bytes of Random Access Memory _ 


(RAM) and versatile interface circuitry. The interface circuitry | 


includes two 16-bit programmable timer/counters, 16 bidirec- - 
tional input/output lines (including four edge-sensitive lines and 


input latching on one 8-bit port), a full-duplex serial /О channel, 
ten interrupts and bus expandability. · 


| The innovative architecture and the demonstrated high perfor- - 


mance of the R6502. CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of 


Document No. 29651N49 | 


Product Description Order Мо. 2146 
Rev. 2, March 1984 


R65FiieR65F12 


FORTH Based Microcomputers 


computational power. These features in combination with the. . . 


. FORTH high level operating system make the R65F11 and 
.R65F12 ideal for microcomputer. applications. | 


For systems requiring additional /O ports, the 64-pin ОР” | 
. version, the R65F12, provides three additional 8-bit ports. 


A complete RSC-FORTH development system can be cre- 
ated with three MOS parts: the R65F11, one RAM chip and 
the R65FR1 Development ROM. 


du This product description is for the reader familiar with the | Е г 
. R6502 CPU hardware and programming capabilities. A - 
detailed description of the R6502 CPU hardware is included · 


_ in the R6500 Microcomputer System Hardware Manual 


_ (Order Number 201). A description of the instruction capabilites 
of the R6502 CPU is contained in. the R6500 Моси о 
System Programming Manual (Order Number =“ 


1:3 ORDERING FORMATION. | F | 
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R65F11P 


R65F11AP ` 


R65F12Q 
R65F12AQ 


. Re5FR1P 
R65FR2P · 


R65FK2P 


Аб5РАЗР 
R65FK3P 


Order No. 


Note: 


` Description 


40-Pin FORTH Based Microcomputer at 1 MHz 
40-Pin FORTH Based Microcomputer at 2 MHz 
64-Pin FORTH Based Microcomputer at 1 MHz 
64-Pin FORTH Based Microcomputer at 2 MHz _ 
FORTH Development ROM for R65F11 or R65F12 
FORTH Development ROM for expanded capacity 
FORTH Kernel ROM for expanded capacity 


development ` 
FORTH Development ROM for R6501Q 
FORTH Kernel ROM for R6501Q · 


Description 7 
FORTH Based Microcomputer User's Manual* · 


*Included with R65FR1. 


R65FileR65F12 = ^ 


~ FORTH Based Microcomputers 


SECTION 2 


INTERFACE REQUIREMENTS 


This section describes the interface requirements for the | 


R65F11 and R65F12 single chip microcomputers. Figure 
2-1 is the Interface Diagram for the R65F11 and R65F12, 
Figure 2-2 shows the pin out configuration and Table 2-1 
describes the function of each pin of the R65F11 and R65F12. 
Figure 3-1 is a detailed block diagram. 


965-11 


РАО-РАТ7 (PAO, во : 
POSITIVE: PA2 
NEGATIVE COE DETECTS) 


PB0-PB7 (LATCHED INPUTS) 


of. {INPUT DATA STROBE)” 


T. НА TUS (РСО-РСТ 


А4-А11 ADDR/DO-D7 DATA BUS | 
(РОО-РО?) 


' , .RéSF1? 


Figure 2-1. R65F11 and R65F12 Interface Diagram | 
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| -Signal | Pin Мо. | Pin Мо. | 
Мате RESET R65F12 Description 


| PGO-PG7 


Table 2-1. R65F11 and R65F12 Pin Descriptions 


Main power supply +5V 


Separate power pin for RAM. 
In the event that Усс power: 

is lost, this power retains- E 
‚ RAM data. 


| Signal and power ground (OV) 


Crystal or clock input for in- 
| ternal clock oscillator. Also 
allows input of X1 clock sig- 
nal if XTLO is connected to 
Vss or X2 ог X4 clock if 
XTLO is floated. 


Crystal output from internal 
clock oscillator. 


The Reset input is used to 
initialize the R65F11. This 
Signal must not transition from 
low to high for at least eight 
cycles after Усс reaches op- 
erating range and the inter- | 
nal oscillator has stabilized. 


Clock signal output at inter- 
nal frequency. | | 
А negative going edge on the 

Non-Maskable Interrupt sig- 
па! requests that a non- 
maskable interrupt be gen- | 
erated withinthe CPU. . 
|. Two 8-bit ports used for either 
input/output. Each line of 
Ports A and B consist of an 
active transistor to Vss and 
“| a passive pull-up to Усс. 


Port С: has an active pull-up 
transistor. Рой D has active ` 
pull-up and pull-down tran- 


-РАО-РА7 | 
РВО-РВ7 _ 


РСО-РС7 
А0-АЗ 

A12, RW | 
A13, EMS 


PDO-PD7 | - 
A4-A11 
D0-D7 


| PEO-PE7 
PFO-PF7 


| form the externa! multiplexed 
address and data bus to al- | 
low external memory ad- 


On the R65F12, Port E may 
be used for output only. Ports 
F and G are similar to Ports 
A and B in construction and 
may be used for inputs or 
outputs. | 


sistors. Ports С and D lines |. 
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0.310 MAX 


‚ 0.190 МАХ: 
(4:82 ММУ. 


DOT OR NOTCH 0.155 MAX 
TO LOCATE (3.93 MM) 
PIN NO. 1 -- 


0.010 MIN 


| ва ` (0.25 MM) 


Interface Diagram 


1 с? 40 
"(48.51 MM) 
| 7 448.00 MM) 
| 
E 2.080 MAX 
(51.30 MM) 19 EQUAL SPACES 
0.100 < TOL NONCUM. 
В (2.54 мм) 
{ ^. 1910 
y 1.890 
А 
+. a Е 20 : A A 
кана ~ 5 | Я ' | 0.500 МАХ. | “TYP, ТҮР. LN 
— R65F11 Pin Out Designation d (1524 ММ). (1.65 MM) 0:065 (0.55 ММ) 0.022 
TE : и ps E | (1:01:ММ) 0.040 (045 MM) 0.018 
| | i 10 MAX 
0.600 TYP 
к “(1587 MM) 
| | | | 40 PIN DIP 
R65F11 Dimensional Outline 
1.50 
(3.81 MM) 
Interface Diagram | 
| | 
зи 
s dod ! 
1.628 
{41.35 ММ) 
} 
2 | 
| 
g " 
> i 
% : | 
> 
8 | : 
020 REF 
TYP 


64 PIN QUIP 


R65F12 Dimensional Outline 


"igure 2-2. Pin Out Configuration 
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‘SECTION 3 


SYSTEM ARCHITECTURE 


This section provides a functional description of the R65F11 : 


and R65F12. Functionally the R65F11 consists of a CPU, 
. RAM memory, two 8-bit parallel /О ports (five іп the 64-pin 
_ R65F12), a serial I/O port, dual counter/latch circuits, a mode 

control register, an interrupt flag/enable dual register circuit, 
and an internal Operating System. The kernel of FORTH in 


ROM complements the system hardware. A block diagram | 


of the system is shown in Figure 3-1. 


NOTE. 


Throughout this document, unless specified 
otherwise, all memory or register address loca- 
tions are specified in hexadecimal notation. 


3.1 CPU LOGIC 


The R65F11 internal CPU is a standard 6502 configuration | 


with an 8-bit Accumulator register, two 8-bit Index Registers 
(X and Y); an 8-bit Stack Pointer register, and ALU, a 16-bit 


Program Counter, and standard instruction register/decode | 


and internal timing control logic. 


3.1.1 Accumulator 


The accumulator is a general purpose 8-bit "register that 
stores the results of most arithmetic and logic operations. In 


addition, the accumulator usually ` contains one of the. мо“ 


даа words. used in these овегарраз. 


3.1.2 Іпдех Registers : 


There are two 8- -bit index registers, X and Y. Each index o | 


ister can be used as a base to modify the address data pro- 
gram counter and thus obtain a new address—the sum of 


the program counter contents and the index ЕРІ contents. | 


When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address, 


and modifies the address from memory by adding the index | 
register to it prior to loading or storing.the value of memory. | 


Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. | 


3.1.3 Stack Pointer 


_ The Stack Pointer is ап 8-bit register. It is automatically. 
incremented and decremented under control of the micro- 


processor to perform Stack manipulation in response to either 


user instructions, an internal IRQ interrupt, or the external 5 


interrupt line NMI. The Stack Pointer must be initialized 1 by 
the user program. 


The stack allows Simple implementation of multiple. level © 
interrupts, subroutine nesting and simplification of many types 
го! data manipulation. The JSR, ВАК, RTI and RTS instruc- | 


tions use the stack and Stack Pointer. 
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The stack сап be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 


location is stored (or "pushed") onto the stack. Each time 
` data are to be pushed onto the stack, the Stack Pointer is 


placed on the Address Bus, data are written into the memory 
location addressed. by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (ог 


г "pulled”) from the stack, the Stack Pointer is incremented by 


1. The Stack Pointer is then placed on the Address Bus, and 
data are read from the momay location addressed by the 
Pointer. 


The stack is located on zero page, i.e., memory locations 
ООҒҒ-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 


3.1.4 Processor Status Register 


The 8-bit Processor Status Register contains seven status 
flags. Some of these flags are controlled by the user pro- 
gram; others may be controlled both by the user's program 
and the CPU. The R6500 instruction set contains a number 
of conditional branch instructions which are designed to allow 


testing of these flags. See Аек B for details. 


3.1.5 Program Counter 


The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 


— the Program Counter (PCL) is placed on the low-order bits 


of the Address Bus and the higher (most significant) byte of 


_ the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 


time an instruction or data is fetched from program memory. 


i 3.1 6 Arithmetic And Logic Unit (ALU) | 


Each bit of the ALU has two inputs. These inputs can be tied 


_ to various internal buses or to.a logic zero; the ALU then 


generates the function (AND, OR, SUM, and so on) using 
the Рза оп ће мо inputs. 


3.1 7 Instruction Register and Instruction Decode 
Instructions are fetched from ROM or RAM and gated onto 


the Internal Data Bus. These instructions are latched into the 
Instruction Register then decoded along with timing and 

" interrupt signals to genere control signals for the various 
Tegistors.. 
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ЕСІ Ж ЕЕ A 
Ж с ЕЕ в A 


_ POO-POT РСО-РСТ PEO-PBI ^ _ РАО-РАТ 


=. Figure 3-1. Detailed Block Diagram __ 


Program 
Counter 
Low (PCL) 


Anthmetic : 
and Logic 
| 7 Unit (ALU) 


CB (РАЗ) СА (PA4) 5 2 50 (РА6) 


_ хто 


кї 


21 4998 е 1469Н 


злејпашоооло peseg HLYOd 


en ево ____ ща 
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| зл 8 Timing Control · vnda: ne TIRT 


| Тће Timing Control. Logic шы track of the specific Instrüc- 
tion cycle being executed. This logic is set to TO each time 
гап instruction | fetch. is executed. and is advanced. at the 
ps beginning of each Phase One clock pulse: foras тапу cycles . 
’ аз are required to complete the instruction. Each data transfer 
‘which: takes place ‘between the. registers. is caused by 


decoding. the: contents of both the: instruction ја ad and 
i. control unit. ae 


3.1.9 Interrupt Logic 


‘Interrupt logic controls. the sequencing | of ‘hres interrupts; 
- RES, NMI and ВО. ТВО is generated by any one of eight 
conditions: 2. Counter. Overflows, 2 Positive Edge Detects, 
2 Negative. Edge Detects, and 2 Serial Port Conditions. | 


3.2 CPU INSTRUCTION SET 


The machine code instruction set of the R65F11 and R65F1 2 
‘microcomputers аге: based оп the popular R6500 micropro- 
_ cessor set. They contain all the instructions in the standard 
R6502 set, with the’ addition of.the four new bit instructions 
added to the R6511 processor family. Refer to Appendix A 


for the Op Code mnemonics addressing. matrix for details оп. 


these instructions. 


3. T READ-ONLY-MEMORY (ROM) 


| The вом consists of preprogrammed memory with ап 
S address space from F400 to FFFF. It contains the run time 
-kernel of the -high level language . Rockwell. Single Chip 
FORTH. There are 133 included functions stored in the 


ROM. Codes are in the format of a two byte code field, which - 
identifies the interpreter assigned to’ execute that word, fol- ` 


lowed. by a variable length Parameter. Field, which. contains 
the instructions and data used by that. interpreter. according 
to the. programmed intention of that definition. See Appendix 
О for а'сотрјеје Изо! the names of а! included words. А! 
· words needed for support. of the run. time operation of dedi- 
cated applications programs are included. The. RSC-FORTH 
Operating. System is also part of the ROM ‘code’ and is 
entered upon | Reset. This Operating System allow the R65F1 1 
апа R65F12 to auto start a user program written in either 

RSC-FORTH or Assembly. Language. ог. enter.a Develop- 


ment ROM if one is present. If rio auto start program: is found, | 


an attempt will be made to ро! ап operating program from 
корт disk. 


3. 4 RANDOM ACCESS MEMORY (ВАМ) | 


Тһе ВАМ consists of 192 bytes of read/write memory with _ 


an assigned. page zero address of 0040 through OOFF. The 
ROSF11 and R65F12 provide a separate power ріп (Уаң) 
which may De used for standby power for 32 bytes located 


at 0040-005F. In the event of the loss of. Усс power, the | 


lowest 32 bytes of RAM data will be retained if standby power 

ds supplied to the Var pin. If the RAM data retention is not 
required then Var must be connected to Vec- During орег- 
ation Van must be at the сс level. 
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For the: RAM to retain data upon Keso ot TR" Van must be | e^ 
supplied within operating range and RES must be driven low Ж 
at least gs ht $2 clock pulses before Мес fálls out of operating M 


range. RES must then be held: low while Vec. is. out of. oper- 
ating Bis and until at least eight ф2 сюск cycles after Vcc 


із again within operating range and the internal: 02 oscillator’ : 
в stabilized. Van must remain within Voc operating range г | 
during normal operation. When Vcc is out of operating’ range, м 
_ Мая must remain within the Var retention range in order to ' 
| retain data. Figure 3-2 shows typical waveforms, 


RAM OPERATING MODE У пам RETENTION море 


о 


| 1 INITIAL APPLICATION OF F Voc. AND Vac 


2 LOSS OF Vcc, RAM ON STANDBY vifu. 


: REAPPLICATION OF Усс је 
4 >8 62 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. Н 


5 >8 02 С.ОСК PULSES, 


| Figure 3-2. раја Retention Timing | 
3.5 CLOCK OSCILLATOR | 


A reference frequency can be generated. with the on-chip | 
... oscillator using an external crystal. The oscillator reference. 
. frequency passes through an internal countdown network - 
(divide by 2) to obtain the internal срам) frequency (see. 

.. Figure 9-38). T | 


Internal timing сап also be теней w тмд the, хт. рїп 
with an external. frequency source. Figure 3-35 shows typical | 


connections. If ХТЕО. is left floating, the external source is’ 


divided by the internal countdown network. ‘However, if XTLO 
is tied to Vss, the internal coundown network is bypassed . 
causing the chip to operai at the Қайық о! the exjernel 


source. 


The R65F11 and R65F12 operate іп the CLOCK MASTER 


‘mode. In this mode а frequence source (crystal or external. 


source): тш! нө applied (o ће XTU. and XTLO pins. ЕЕ d E 5 


| МОТЕ: When operaling аі: а 1 MHz internal frequency placea. а 


15-22 pt capacitor betwoeri XTLO and: ако 


02 is a buffered output signal Which доза арргохтайёв ће. 
internal timing. When а common external source is used to 
drive multiple devices the internal timing | between devices as 
well as their 02 outputs will. be skewed in time. If skewing - 
represents a system problem, it.can be avoided by. the 
Master/Slave за on and options shewn | in Figure 77 


Тһе R65F11 and Re5F121 is operated i in the CLOCK MASTER | 


MODE. A second processor could be operated i in the CLOCK” 


 R65F1 e R65F12 _ 
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г .SLAVE. MODE. Mask options in the. SLAVE. unit convert the 
- £2 signal into a clock input pin which is tightly coupled to the 
internal. timing generator. As.aresult the internal timing ofthe 
| MASTER and SLAVE units are synchronized with minimum 
skew. № the $2 signal.to the SLAVE unit is: inverted, the 
MASTER and SLAVE. UNITS WILL OPERATE OUT. OF 
PHASE. This . approach ` allows the two devices to share 
efena! memory using Cow decuit аи 


Тт = 1 ОҢ 2 MHZ 
= 2X мт 


а. Crystal Input 


1 OR 2 MHZ 
T 2х LE | 


хти и 
fint 

R65F11 

хто т 


10R2MHZ. 


finr 


b. Clock inputs 


Figure 3-3. Clock Oscillator Input Options 


R65F1 1 OR R65F12- 


|| TO OPERATE | 
m an 1 OUT 
OF PHASE WITH 
MASTER | 


6500/11, ETC. 


(INPUT CLOCK) 


Figure 3-4. Master/Slave Connections 
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3.6 MODE CONTROL REGIS: ЕВ (MCR) 


The Mode Control Register contains contro! bits for the mul- 


_ tifunction VO ports and mode select bits for Counter А and - 


Counter B: Its setting, along with the setting of the Serial’ 
Communications Control Register (SCCR), determines the 
basic configuration of the R65F11 and В65Ғ12 in апу appli- 
cation. The Mode Control Register bit assignment is shown 
in Figure’ 3-5. MCR Bits: 7, 6, 5 must remain 1’s іп order for 
external теты referencing to be enabled. 


‘Addr 0014 


; 0 Interval Timer 
Q — — 1 Pulse Generation 
ME `- t 0 Event Counter 
. Bus Mode Select | ap 1: | 
aes ' m ; Bess 0 Interval Timer | | 

0 —— 1 Asymmetric Pulse Мане 
1. 0 Event Counter | 

427%: 1 Retriggerable Interval Timer 
‘Por. B Latch . i 


(0 = Tel State High impedance Mode) not alowed: 


0— x Normal! 
1 —— 0 Abbr. Bus. not stowed. 
1 —— 1 Моха Виз 2. 


Figure 3-5. nis Control пар сен 


Тһе изе о! Соищег А Моде Select is shown in Section 6. 1. | 
The use of Counter B Mode veloet is shown in Section. 6.2. 


The use of Port B Latch Enable is shown in Section 4.4. — 


1 Pulse Width Meas. | | 
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з. 7 INTERRUPT FLAG REGISTER (FR) 
AND INTERRUPT ENABLE | 
_ REGISTER (IER) _ | 


Ап Ва interrupt request can be initiated by any or all of eight 
possible sources. These sources are all capable of being 
enabled.or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register. (IER). Multiple 
simultaneous interrupts will cause the IRQ interrupt request 
0 remain active until ан interrupting conditions have been 
| serviced and cleared. 


The Interrupt: Flag Register contains the information’ 'that 

-indicates which /О or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared іп low.level code by executing a RMB instruction at 
address location 0010. The RMB X, (0010) instruction reads 
FF, modifies bit X to a "0", and writes the modified value at 
address location 0011. In this way IFR bits set їо а "1" after 
the read cycle of a Read-Modify-Write instruction (such as 
RMB) are protected from being cleared. A logic "1" is ignored 
when writing to edge detect IFR bits. 


Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the 
respective bit position at location 0012. Individual IER bits 
may be ck Cleared by writing a “0” in the respective bit position, 
or by RES. If set to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1. 


Adar 0012 


EE 


р РАО Positive 
Ж Едде Detect | 
“PAI Positive | 


Figure 3-6. Interrupt Enable and Flag Registers 


Table 3-1. Interrupt Flag Register Bit Codes 


РАО Positive Edge Detect Flag—Set toa ng " when a positive going edge is detected оп PAO. | 
| Cleared by | RMB о (0010) instruction or Бу RES. | 


PAI Positive Edge Detect Flag—Set to a 1 1 when a positive going edge is detected on РАТ. 
Cleared by RMB 1 (0010) instruction or by RES. 


PA2 Negative Edge Detect Flag— Set to a 1 when a negative going edge is detected оп PA2. 
Cleared by RMB 2 (0010) instruction or by RES. 


1 РАЗ. Negative. Edge Detect Flag—Set to 1 when a negative going edge is ‘detected on РАЗ. 
Cleared by RMB 3 (0010) instruction or by RES. | 


Counter. A Underflow Flag—Set toa ‘when Counter A underflow occurs. Cleared d by reading 
the Lower Counter A at location 0018, by writing to address location 001A, or by RES. 


| Counter B Underflow Flag—Set to а 1 when Counter B underflow occurs. Cleared b by reading 
the Lower Counter B at location 001C, by writing to address location 001Е, or by RES. 


Receiver Interrupt Flag—Set to a 1 when any of the Serial Communication Status Register bits 
0 0 through 3 is set to a 1. Cleared when the Receiver Status bits (oes 0-3) are cleared or by 
.RES. 


Transmitter interrupt Flag—Set to а 1 when SCSR 6 is set to a 1 while SCSR 5is a 0 or SCSR | 
| А 5 бол to а 1. Cleared when the Transmitter. Status bits (SCSR 6 & 7) are cleared or by RES. 
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3.8 OPERATING SYSTEM 


The system startup function, COLD, is executed upon | Reset. 
‘COLD, a high level FORTH word, forms the basis of the RSC 
‘Operating System. Upon reset this function initializes the 

R65F11 or R65F12 registers to establish the external 16K 
byte memory map and disable all interrupt sources. It also 

sets up the serial channel for 1200 baud (assuming a 1 MHz 

internal clock) asynchronous transmission (seven bits, parity 
disabled). The internal FORTH structure "W" is prepared for 
. use and the low level input/output vectors are forced to point 
- to the system serial channel routines. The FORTH User Area 


DS og Pointer, UP, is assigned the value 0300 Нех. 


~, A test is made of the variable CLD/WRMi in memory location 


030Е. If this contains a value other than A55A Hex a cold 
reset is assumed. In this case, the low level IRQ vector, 
IRQVEC; the low level NMI Vector, NMIVEC, and the high 
level interrupt vector, INTVEC, are all forced to point to the 
system reset routine. This prevents an unintentionally gen- 
erated interrupt from crashing the system. System variables 
TIB, RO, SO, UC/L, UPAD, UR/W and BASE are also ini- 
tialized to their default values. 


| HHLL = РЕА ОҒ WORD ТО EXECUTE 


| AUTO START ROM PATTERN 


1K BOUNDARY 
AUTO START FORTH PROGRAM _ 


Whether a warm.or cold: reset, the memory тар is then 
searched at every 1К byte boundary starting at location 0400 
Hex. The first two bytes а each boundary are checked 
against an A55A Hex bit pattern. This pattern indicates that 
an auto start program is installed. The next two bytes are 
assumed to point to the Parameter Field of the high level 
RSC-FORTH word to be executed upón reset. This may be 
the main function of a user defined program or the start up 
routine оға р POM Figure 3-7 details proper 
а отела v TM LT ТТ 


dM no auto start ROM is found, the о System tums 


control-over to a program: that issues a "NO ROM" message. 
to.the systems terminal via the serial channel and attempts - 
to boot.a program from disk. A floppy disk controller, com- 
patible with the WD1793 type, is assumed to be present at 
address 0100 Hex. The first half of Track 0 Sector 1 is loaded 
from a double density boot diskette into RAM starting at 
address 005Ғ. When successfully loaded execution will Ре 
turned over to this тори Program: 


_ААВВ = ЕМТВҮ POINT ROUT INE 
, ССОО = XX06 
HHLL = ХХ04 


AUTO START PATTERN 


1K BOUNDARY 
. AUTO.START MACHINE CODE PROGRAM 


Figure 3-7. Auto Start ROM 
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SECTION 4 
PARALLEL INPUT/OUTPUT PORTS: 


Тһе R65F11 has 16 VO lines grouped into two 8-bit ports 


(РА, PB) and 16 lines programmed as an Address/Data bus .- 


(PC & PD). Ports A and B may be used either for input or 
output individually or in groups of any combination. The 


R65F12 has 24 additional port lines grouped into three 8-bit | 


ports (РЕ, PF, РО). 


Multifunction O's such as Port A are protected from normal 
port ИО instructions when they are programmed to perform 
a multiplexed function. 


Internal pull-up resistors (FET’s with an impedance range of 
3K < Rpu < 12K ohm) are provided on all port pins. 


The direction of the I/O lines are controlled by 8-bit port reg- 

isters located in page zero. This arrangement provides quick 

programming access using simple two-byte zero page 

‚ address instructions. There are no direction registers asso- 

ciated with the ГО ports, which simplifies ИО handling. The 
VO addresses are shown in Table 4-1. 


ИО Port Addresses 


Table 4-1. 


Appendix F.4 shows the I/O Port Timing. 


4.1 INPUTS 


Inputs for Ports A and B are enabled by loading logic 1into | 


all VO port register bit positions that are to correspond to 


VO input lines. А low (<0:8У) input signal will cause a logic. 


0 to be read when a read instruction is issued to the port 
register. А high (>2.0У) input will cause a logic 1 to be read. 


An RES signal forces. all VO port registers to logic 1 thus Қ | 


initially treating all VO lines as inputs. 


The status of the input lines can be TN at any time 
by reading the /O'port addresses. Note that this will return 


the actual status of the input lines, not the data written into - 


the УО port registers. 


Read/Modify/Write instructions can be used to modify. the 
operation of PA and PB. During the Read cycle.of a Read/ 
Modify/Write instruction the Роп О register is read. For all 
other read instructions the port input lines are read. Read/ 
Modify/Write instructions are: ASL, DEC, INC, LSR, RMB, 
ROL, ROR, and SMB. 
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Pin Pin 
| No. . No. 
R65F11 


4. 2 OUTPUTS 


Outputs for Ports A and B are у controlled d writing the 
desired ИО line output states into the corresponding ИО port 
register bit positions. A logic 1 will force a high (22. 4У) 
| Сир while a logic 0 will force a low (<0.4М) output. - 


4.3 PORT A (PA) 


Port A can be programmed ма the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, VO port 
or as serial channel УО lines, counter УО lines, or an input 
‚даа strobe for the Port B input latch option. Table 4-3 tab- 
vima the control and usage of Port A. 


т addition to their normal /О functions, PAO and PA1 can 


detect positive going edges, and PA2 and РАЗ can detect 


negative going edges. A proper transition on these pins will 
set a corresponding status bit in the IFR and generate ап 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detecte 3 is one- 
half the #2 clock rate. Edge detection timing is shown in 


.. Appendix F.4. 


4.4 PORT B (PB) 


. Port B can be programmed as an 8 bit, bit independent I/O 


port. It has a latched input capability which may be enabled 
or disabled via the Mode Control Register (MCR). Table 


222. 4-2 tabulates the control and usage of Port В. An Input Data 
z Strobe signal must be provided thru РАО when Port B is pro- 


grammed to be used with latched input option. Input data 
latch E for Port B is shown in Appendix F. 4. 


Table 4-2. Port B ового а Узаде | 
Latch | 
Моде 


nes IURE = 


ИО Mode 


-| (1) Resistive pull-up, active buffer pull down . 
(2) Input data is stored in port B latch by PAO pulse | 
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Table 4-3. Port A Contor, and pene 


R65F11/R65F12 PAO /О PORT B LATCH MODE 
SIGNAL SE EN 


PAO . PORT B E 
| LATCH STROBE 


РА1-РАЗ /О 
SIGNAL 
NAME 


РАНО, COUNTER А/О 


SCCR7: = 0 
SCCR6 = 0 
MCR1 =1. 


MCRO = 1 
"| М$А1 = 0 

| SCCR7 = 0 

| “ВСУ S/R MODE = 0%. 


„| SIGNAL “SIGNAL 
| OUTPUT " СМТА : “INPUT (1 (1) 


SERIAL /О SHIFT REGISTER CLOCK 


| RCVR S/R MODE = 1% 


SIGNAL SIGNAL 
XMTR CLOCK OUTPUT RCVR CLOCK .INPUT di) 


MCR3 = 0 
MCR2 = 1 


SIGNAL | SIGNAL 
NAME TYPE NAME ТҮРЕ | 
CNTB OUTPUT CNTB INPUT (1) - 


SERIAL ГО · (1) HARDWARE BUFFER FLOAT 
_ (8) NEGATIVE EDGE DETECT | 
(4) RCVR S/R MODE = 1 WHEN. ` 
50086. ЗССЯБ • SCCR4 = 1 
) APPLIES TO EITHER R65F11 
OR R65F12 PORT (SEE PIN 
DIAGRAM) 


) FOR THE FOLLOWING MODE 
SERIAL /О COMBINATIONS РА4 IS. 
RCVR INPUT AVAILABLE AS AN INPUT 
SCCR6 = 1 ONLY Р PIN: 
: SCCR7 . SCCR6 . SCCR5 • 
SIGNAL | МСА! + ` SCOR? • SCCRe + 
56666 . SCCRS + ЗССВ7.. 
INPUT (1). 50015 • SCCR4 | 
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. 4.5 PORT С (РС) А _ 4.6 PORT D (РО) 
Port C is preprogrammed аз рап of the Address/Data bus: ` -` Рой D is also preprogrammed as part of the Address/Data 
PCO-PC7 function as АО-АЗ, A12, R/W, A13, and ЕМ5, bus. Data bits DO through D7 are time multiplexed with 
respectively, as shown in Table 4-4. EMS (External Memory ce 72 ' address bits A4 through A11, respectively. Refer to the 
Select) is asserted (low) whenever the internal processor - Memory Maps (Appendix C) for Multiplexed memory assign- 
accesses memory area between 0100 and ЗЕЕЕ. (See ments. See Appendix F.3 for Port D timing. 
Memory Map, Appendix C). The leading edge of EMS may | | | 
be used to strobe the eight address lines multiplexed on Port 4.7 PORT E (РЕ), PORT F (P F), 
D. See Appendix F.3 for Port C timing. | PORT G (PG) | 


Ports E, F and G are available on the R65F12 only. Port E 
“сап only be used as outputs. Port Е and Port G can be used 
for inputs or outputs and are similar to Port A and Port B in 

operation. 


Table 4-4. Port C Control and Usage 


| Multiplexed | 
Mode 


В65Ғ11/ 
Н65Ғ12 
Port 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


Table 4-5. Port D Control and га. 


Multiplexed | 
Mode 


ВВ 
Port Lue — | mem | we — | Wem 
| | OUTPUT | 

OUTPUT 

OUTPUT 

` OUTPUT 

. OUTPUT 

OUTPUT 

OUTPUT 

OUTPUT 


(1) Active Buffer Pull-up and Pull-Down 
- (2) Tri-State Buffer is in Active Mode 
(3) Tri-State Buffer is in Active Mode only during the Phase 2 Portion of a Write Cycle 
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Е SECTION 5 — 
SERIAL INPUT/OUTPUT CHANNEL- 


The R65F11 and R65F12 Microcomputers provide a full 
duplex Serial /O channel with programmable bit rates and 
operating modes. The serial VO functions аге controlled by 
the Serial Communication Control Register (SCCR). The 
SCCR bit assignment is shown in Figure 5-1. The serial bit 
rate is determined by Counter A for all modes except the 
Receiver Shift Register (RCVR S/R) mode for which ап 
external shift clock must be provided. The maximum data 
rate using the internal clock is 62.5K bits per second (Q 92 | 
= 1 MHZ). The transmitter (ХМТА) and receiver (RCVR) сап 
be independently programmed to operate in different modes 
| and can be Пери enabled or disabled. 


Addr 0015 


100009000] 


о~-Ооаа Parity 
1~Even Parity 
0 Parity Disable 0 
1 Parity Enable Е! 
0--8 Bits/Char 
1—7 Bits/Char 

0—6 Bits/Char 
1 1--5 Bits/Char 

0 0 ХМТА & RCVR ASYN Mode 

0 1 ХМТЯ ASYN, RCVR S/R 

1 X XMTR S/R, RCVR ASYN 
0 RCVR Disable 
1 RCVR Enable 
0 XMTR Disable 
1 XMTR Enable 


Figure 5-1. Serial Communication Control Register 


Except for the Receiver Shift Register Mode (RCVR S/R), ай. 
XMTR and RCVR bit rates will occur at one sixteenth of the. 
Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled іп a 
mode requiring an internal ctock. | 


Whenever Counter А is required as a timing source it must 
be loaded with: the hexadecimal code that selects the data 

` rate for the serial /О Port. Refer to Counter A (paragraph 
6.1) for a table of Аааа: values to represent the desired 
data rate. 


51 TRANSMITTER OPERATION (XTMR) 


The XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown below. When parity is dis- 
abled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 
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ASYNCHRONOUS MODE WITHOUT PARITY 


ка ` — &BÍT DATA os 
7-ӨІТ DATA | | 2 STOP 
2 6-ВІТ DATA | 2 5ТОР 


6-БІТ DATA 2-5 ТОР 


ASYNCHRONOUS MODE WITH PARITY 


1. 1 
8-BIT DATA PARITY | STOP 


1 
а AINOATA | | PARITY 
T3 7 
SPIT DATA PARITY 


SHIFT REGISTER MODE 8-BIT DATA 


WORD M WORD М + 1 


SHIFT REGISTER CLOCK (РА4) 


ЗАДА LP ETF У еммен ТАЈ АЈ ЈЕДЕ 


Figure 5-2. Bit Allocations 


In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. | 


The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCCR5, SCCR6 and 
SCCR7. 


IFR7 = SCSR6 (5ССН5 + SCCR7) 


5.2 RECEIVER OPERATION (RCVR) 


The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a “1.” In the ASYN mode, 
data format must have a start bit, appropriate number of data 


bits, a parity bit (if enabled) and one stop bit. Refer to Figure 


5-2 for a diagram of bit allocations. The receiver bit period | 
is divided into 8 sub-intervals for internal synchronization. 
The receiver bit stream is synchronized by the start bit and 
a strobe signal is generated at the approximate center of 
each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-half the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits, and any of 
the above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1. 
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Serial 
Input 


Start Bit LSB 


Stop Bit Stop Bit 


* Serial input Data Shifted іп 


Figure 5-3. ASYN Receive Data Timing 
іп the S/R mode, an external shift clock must be provided at 
СА (РА4) pin along with 8 bits of serial data (LSB first) at the 
бі input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 


Serial 
Input 


External Data In 


* Serial Input Data Shifted In 
** Serial Output Data Makes Transition 


Figure 5-4. S/R Mode Timing 


A НСУН interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 


5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 


The Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: | 


SCSR 0: Receiver Data Register Full— Set to а logic 1 when 
a character is transferred from the Receiver Shift 


Register to the Receiver Data Register. This bit is .. 


cleared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR 6 = 0. The SCSR 
О bit will not be set to a logic 1 if the received data 
contains an error condition, however, a corre- 


sponding error bit will be set to a logic 1 instead. 


SCSR 1: Over-Run Error —Set to a logic 1 when a new char- 
acter is transferred from the Receiver Shift Reg- 
ister, with the last character still in the Receiver 
Data Register. This bit is cleared by reading the 
Receiver Data Register, or by RES. 


SCSR 2: Рату Error —Set to logic 1 when the АСМА is in 
the ASYN Mode, Parity Enable bit is set, and the 
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received data has a parity error. This bit is cleared 

by reading the Receiver Data Register or by RES. 

Framing Error — Set to a logic 1 when the received 
. data contains a zero bit after the last data or parity 
bit in the stop bit slot. Cleared by reading the 
Receiver Data Register or by RES. (ASYN Mode 
only). 
Wake-Up —Set to a logic 1 by writing a "1" in bit 
4 of address: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 1's. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 


SCSR 5: End of Transmission —Set to a logic 1 by writing 
а "1" in bit position 5 of address: 0016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is. true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 


Transmitter Data Register Empty—Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister is transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to а 
logic 1 by RES. 

Transmitter Under-Run—Set to a logic 1 when the 
last data bit is transmitted if the transmitter is in а 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data Register Empty Bit is set. Cleared by 
a transfer of new data into the Transmitter Shift 
Register, or by RES. 


SCSR 3: 


SCSR 4: 


SCSR 6: 


SCSR 7: 


Addr 0016 


RCVR Data 
Reg Full 


RCVR Over-Run 


Parity Error 
Frame Error 
Wake-Up 
End of Transmission 


XMTR Data Reg Empty 


L хмта Under-Rüun. 


Figure 5-5. SCSR Bit Allocations 
5.4 WAKE-UP FEATURE 


In a multi-distributed microprocessor or microcomputer ap- 
plications, a destination address is usually included at the 
beginning of the message. The Wake-Up Feature allows 
non-selected CPU's to ignore the remainder of the message 
until the beginning of the next message by setting the Wake- 
Up bit. As long as the Wake-Up flag is true, the Receiver 
Data Register Full Flag remains false. The Wake-Up bit is 
automatically cleared. when the receiver detects a string of 
ten consecutive 15 which indicates an idle transmit line. 
When the next byte is received, the Receiver Data Register 
Full Flag signals the CPU to wake-up and read the received 
data. 
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|J SECTION 6 
COUNTER/TIMERS 


The R65F11 and R65F12 Microcomputers contain two 16-bit 
counters (Counter А and Counter B) and three 16-bit latches 
associated with the counters. Counter A has one 16-bit latch 
and Counter B has two 16-bit latches. Each counter can be 
independently programmed to-operate in one of four modes: 


Counter A 


Counter B 
e Pulse width • Retriggerable Interval Counter 
measurement e Asymmetrical Pulse 
e Pulse Generation ' Generation 
e Interval Timer e Interval Timer 


e Event Counter ^ е Event Counter 


Operating modes of Counter A and Counter B are controlled 
by the Mode Control Register. All. counting begins at the. 
initialization value and decrements. When modes are selected 
requiring a counter input/output line, PA4 is automatically 
_ selected for Counter A апа PAS is E ue selected for 

" Counter В Bon Table: x 2. 


6. 1 COUNTER A 


Counter A consists of a 16-bit counter and a 16- bit latch 
a as follows: Lower Counter A (LCA), Upper Counter 

A (UCA), Lower Latch A (ША), and Upper Latch А (ULA). 
The counter contains the count of either 02 clock pulses ог 
ежегпа! events, depending оп the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper. Counter A and 
at location 001A or location 0018 for the Lower Counter A. 
A read at location 0018 also clears іһе Counter A Опдетом 
Flag (IFR4). 


The 16-bit latch contains the counter initialization value, and 
сап be loaded at any time by executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 


Counter A can be started at any time by writing to address: 
001A. The contents of the accumulator will be copied into the 


| 
COUNTER UNDERFLOW ` 


countess  ] 3 [1 5 —[  [] wil wu 
COUNTER INTERRUPT ENABLED Г 7 | о 


SET ANY TIME BEFORE 


| | RFLOW МЕ 
COUNTER UNDERFLOW FLAG COUNTER UNDE | | E ANE 


Figure 6-1. Interval Timer Timing Diagram 
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Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value wil! be the latch. 
value, not FFFF, and the Counter A Underflow Flag (IFR 4) _ 
will be set to "1". This bit may be cleared by reading the 

Lower Counter A at location 0018, by writing to address 
location 001 A, or by RES. 


Counter A operates in any of four modes. These modes are 


selected by the Counter A Mode Control bits in the Control 


Register. See Table 6-1. 


Table 6-1. Counter A Control Bits- 


| Interval Timer 


Pulse Generation 
Event Counter _ ; 
. Pulse Width Measurement 


The Interval Timer, Pulse Generation: abd Pulse Width Mea- 
surement Modes are $2 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 


6.1.1 Interval Timer 


In the Interval Timer mode the Counter is initialized to the. 
Latch value by either of two conditions :. 


1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not PUE 


2. When a write öperation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the : 
Upper Latch before the Latch value is transferred to 
the Counter. j 


The Counter value is decremented by one count at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore 1us to 65 535 
ms at the 1 MHz 02 clock rate or 0.5 us to 32.767 ms at the 
2 MHz 02 clock rate. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter IRQ interrupt routine. 


When Counter. A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic 1. If the Counter A Interrupt 
Enabie Bit (IER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register сап be examined in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Опдетом. | | 
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While the timer i is operating in the Interval Timer Mode, РА4 
operates as a РА ИО bit. 


A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1. 


6.1.2 Pulse Generation Mode | 
‘In the Pulse Generation mode, the CA line operates asa 


Counter Output. The line toggles from low to high or from. 


high to low whenever a Counter A Underflow occurs, or a 
write is performed to address 001A. 


The ENT output wavelom is a symmetrical square-wave. . 
The.CA output is initialized high when entering the mode and 


transitions low when writing to 001A. 


Asymmetric waveforms can be generated if the value of the 
latch is changes after gach counter underflow. 


A one- -shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 


6.1.3 Event Counter Mode | 
|n this mode the СА is used as an Event Input line, and the 


Counter will decrement with each rising edge detected on 


this line. The maximum rate at which this edge | can бе 
detected is one-half the $2 clock rate. | 


. The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A. Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 
Figure 6.2 is a timing diagram of the Event Counter Mode. 

$ е 
: Teosu 
Е ұғына и" 
| 20У 20V оу 
CNTR 
4-4 


Figure 6-2. Event Counter Mode . | 


6.1.4 Pulse Width Measurement Mode | 

This mode allows the accurate measurement of a low В 
duration on the СА line. The Counter decrements by one. 
_ Count at the 02 clock rate as long as the CA line is held in 


the low State. The Counter is stopped when СА is in the high 
state. 
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The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be › determined by testing the state of PA4. 


A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6-3. 


. Figure 6-3. Pulse Width Measurement 


6.1.5 Serial /О Data Rate Generation 


Counter A also provides clock timing for the Serial /О which 
establishes the data rate for the Serial /О port. When the 
Serial І/О is enabled, Counter A is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter /О (PA4) may also be required to 


| support the Serial /О (see Table 4-2). 


Table.6-2 identifies the values to be loaded in Counter A for 


‚ Selecting standard data rates with a #2 clock rate of 1 MHz. 


and 2 MHz. Although Table 6-2 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can - 
be selected by using the formula: 


Noms ndm ре 
16 x bps - 
where 
N = decimal value to be loaded into Counter А using 


its hexadecimal equivalent. 
the clock frequency (1 MHz or 2 ME 
the desired data rate. 


=a 
~ 
ЇЇ 


с 
9 
@ 
Ш 


| С NOTE 
In Table 6-2 you will notice that the standard data rate 
and the actual data rate may be slightly different. 


Transmitter and receiver errors of 1.596 or less are 
acceptable. A revised clock rate is included in. Table 
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6-2 for those baud rates which fall outside this limit. 
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Table 6-2. Counter A Values for Baud Rate Selection 


Clock Rate 
Needed 
To Get 


Standard Standard 


Baud | Baud Rate 
Rate 


6.2 COUNTER B 

Counter B consists of a 16-bit counter and two 16- bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 
Latch C (LLC), and Upper Latch С (ОСС). Latch C is used 
_ only in the asymmetrical pulse generation mode. The counter 


contains the count of either 02 clock pulses or external 
events depending. оп the counter mode selected. Тһе con- = 
tents of Counter В may be read any time by executing а read - 


at location 001D for the Upper Counter B and at location 
001Е or 001C for the Lower Counter B. A read at location 
001C also clears the Counter B Underflow Flag. 


Latch B contains the counter initialization value, and can be 
loaded at any time by executing a write to the Upper Latch 
B at location 0010 and the Lower Latch B at location 001C. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. | 


Counter В can be initialized at апу time by writing to address: 
001Е. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 16-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Underflow Flag bit (IFR5) will be set 
to a "1" whenever Counter B underflows by decrementing 
from 0000. | 


IFR 5 may be cleared by reading the Lower Counter B at 
location 001C, by writing to address location 001Е, or Бу 
RES. 


Counter B operates in the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. 


6.2.1 Retriggerable Interval Timer Mode 


When operating in the Retriggerable Interval Timer mode, 
Counter B is initialized to the latch value by writing to address 
ОО1Е, by a Counter В underflow, or whenever a positive edge 


3-52. 


occurs оп the CB ріп (PA5). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illustrates the operation. 


RESETBY iw 
„2.2 SOFTWARE _ 


. COUNTER 
UNDERFLOWS 


COUNTER B 
FLAG | 


Figure 6-4. Counter В. Retriggerable Interval Timer Mode 


6.2.2 Asymmetrical Pulse Generation Mode 


Counter B has a special. Asymmetrical Pulse. Generation · 
Mode whereby a pulse train with programmable pulse. width 

and period can be generated without the processor interven- 

tion once the latch values are initialized. 


In this. mode, the 16- bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to аз О in the following descriptions). The 16-bit Latch C is 
initialized with a value which corresponds to the desired 
pulse width (referred to as P in the following descriptions). 


The initialization sequence for Latch B and C and the starting 


of a counting sequence are as follows: 


1. The lower 8 bits of P are loaded into LLB by writing to 
address 001С, and the upper 8 bits of P are loaded 
into ULB and the full 16 bits are transferred to Latch 
С by writing to address location 0010. At this point. 
both Latch B and Latch C contain the value of P. 


2. The lower 8 bits. of аге loaded into LLB by writing to 
address 001C, and the upper 8 bits of D are loaded 
into ULB by writing to address location 001E. Writing 
to address location 001E also causes the contents of 
the 16-bit Latch B to be downloaded into the Counter 
B and causes the CB output to go low as shown in 
Figure 6-5. 


3. When the Counter B underflow occurs the contents of 
the Latch C is loaded into the Counter B, and the CB 
output toggles to a high level and stays high until 
another underflow occurs. Latch B is then down-loaded 
and the CB output toggles to a low level repeating the 
whole process. | 


1 AND 3. COUNTER В «— LATCH В (D) 
2 АМО 4. COUNTER В «—— LATCH C (P) 


Figure 6-5. Counter B Pulse Generation 
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| $ЕСТЮМ 7 
POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER-ON-RESET 


The occurrence of RES going from low to high will cause the 
R65F11 or R65F12 to reset and enter the RSC-FORTH 
Operating System. As was described in Section 3.8, upon 
reset certain system variables will be initialized. See Appendix 
C.4 for a list of these variables names, locations and con- 
tents. The external memory map will be searched for an auto 
start ROM. 


A bit pattern of АББА at a 1K byte page boundary indicates 
that an auto start program follows. The next two bytes are 
assumed to be a pointer to the high level RSC-FORTH word 
that is the entry point to that program. Auto start programs 
is written in assembly language, rather than RSC-FORTH, 
a series of indirect pointers as shown in 3-7 can be used to 
initiate program execution. 


7.2 POWER ON TIMING 


After application of Vcc and Var power to the R65F11 ог 
R65F12, RES must be held low for at least eight #2 clock 
cycles after Vcc reaches operating range and the internal 
oscillator has stabilized. This stabilization time is dependent 
upon the input Vcc voltage and performance of the internal 
oscillator. The clock can be monitored at #2 (pin 3). Figure 
7-1 illustrates the power turn-on waveforms. Clock stabili- 
zation time is typically 20 ms. 
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Figure 7-1. Power Turn-On Timing Detail 


7.3 RESET (RES) CONDITIONING 


When RES is driven from low to high the R65F11 or R65F12 
is put in a reset state. The registers and /О ports are соп- 
figured as shown in Table 7-1 when the external ROM is 
autostarted. | 


Table 7-1. RES Initialization of I/O Ports and Registers 


| REGISTERS 
Mode Control (MCR) 
Int. Enable (IER) 
Int. Flag (IFR) 


Ser. Com. Control (SCCR) 
Ser. Com. Status (SCSR) 


PORTS 
PA Latch 
PB Latch 
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This appendix contains a summary of the R6500 instruction 
set. For detailed information, consult the. R6500 Microcom- 
puter System Programming Manual, Document 29650 N30. 
The four instructions notated with a * are added instructions 
for the R65F11 and R65F12 which are not: part of the к | 


dard. 6502 instruction set. 


A.1 INSTRUCTION SET IN ALPHABETIC SEQUENCE 


Mnemonic 


“Instruction Я 
Add Memory to Accumulator with Сагу. 
"AND" Memory with Accumulator 
Shift Left One Bit (Memory or Accumulator) 


Branch on Bit Reset Relative 
Branch on Bit Set Relative 
| Branch on Carry Clear | 
Branch on Carry Set . 
Branch. on Result Zero“ iro o 
Test Bits in Memory with Дейш. 
Branch on Result Minus 
‘Branch on Result not Zero 
. Branch on Result Plus 
: Force Break 
Branch on Overflow Clear 
Branch on Overflow Set 


Clear Carry Flag 
Clear Decimal Mode 

Clear Interrupt Disable Bit 

Clear Overflow Над — 

Compare Memory and Accumulator 
Compare Memory and Index X 
Compare Memory and Index Y 


Decrement Memory by One 
Decrement Index X by One 
Decrement Index Y by One 


"Exclusive-Or" Memory with 
Accumulator 


Increment Memory by One 
Increment Index X by One 
Increment Index Y by One 


Jump to New Location 
Jump to New Location Saving Return 
Address 
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Mnemonic | . . . Instruction 
LDA | Load Accumulator with Memory - 
LDX. Load Index X with Memory 
ром Load Index Y with Memory О 
LSR Shift One Bit Right (Memory or ^^ 
Accumulator) = o 
NOP No Operation 
ORA "ОВ" Memory with Accumulator 
PHA Push Accumulator on Stack 
PHP Push Processor Status on Stack = . 
PLA Pull Accumulator from Stack. 
РР Pull Processor Status from Stack : 
*RMB Reset Memory Ви. 
ROL Rotate One Bit Left (Memory or 
Accumulator) 
ROR Rotate One Bit Right (Memory ог 
Accumulator) 
RTI Return from Interrupt 
RTS · Return from Subroutine 
SBC Subtract Memory from Accumulator with 
Borrow | 
SEC Set Carry Flag. 
SED Set Decimal Mode 
SEI Set Interrupt Disable Status 
*SMB Set Memory Bit 
STA Store Accumulator in Memory 
STX Store Index X in Memory 
STY Store Index Y in Memory 
TAX Transfer Accumulator to Index X 
TAY Transfer Accumulator to Index Y 
TSX Transfer Stack Pointer to Index X 
TXA Transfer Index X to Accumulator 
TXS Transfer Index X to Stack Register ^^ 
TYA | 


Transfer Index Y to Accumulator 
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А.2 R65F11 АМО Н65Ғ12 INSTRUCTION SET SUMMARY TABLE 


= — ро == EE | PROCESSOR STATUS 
INSTRUCTIONS R65F11 AND Н65Ғ12 ADDRESS MODES 


имемомсј OPERATION савосаоисизосасиоеаскаслюсссиаоссксеасиассаосаиасеассисиосисиоисзизкоизизикасижи клек 


М. . 691212 |60| 41 31 65 | 3 | 2 61 а 
АМО \ 291212120141|13125|312 j 21 Р ы, 75 ИГ 
ASL - 0Е 16310615 | 2 | СА | 2 ; . . . . 
BBR[*(0 - 7)] Branch оп М,-0 (5)(2) ТЕ | 2Е| ЗЕ | 4Е| SF] 6Е | 7Е |. + + . 
BBS #(0-7)| |Вгапећ оп М,-1 (542) : : ВЕ | ЗЕ | АЕ | ВЕ | СЕ| ОЕ| ЕЕ |ЕЕ| - + - - . 
BCC Branchon С-0 (2) | a V^ rule cor due die 
Branchon С-1 (2) | - MC qa Ee 
BranchonZ-1 (2) | Wo a^ Та Сю Wo dy 
АЛМ 20141 31 24 | 312 . . 8 
Branchon N-1 (2) è 
Вгапсһ оп 2-0 (2) | а „а дй 
Вгапсћоп N-O (2) * E REM 
Break 00 7 1 . . . . 
Branch оп У-0 (2) be ais нар Туй 
Branch оп V- 1 (2) Есе Ле 
0-С 18 IPS 
D D8 rs 
7 58 ы. оо © cr 
è B8 * WX te. bes 
C5 C1 із єр Лр cz су 
E E4 E ва сое 
Cå $0 "n 
А 4 C6 = <> 3 ue 
CA ! 1 а уља Ла па 
| 88 1 : С "UN 
4 4513 41 . а iL 
. 6 Еб а 5 : 
. | т ЕВ |2 |! v esa nex Ма 
. С8 12 |1 E 
6с | 5 | 3 . . 
А5 А1 . " 
A6 | - 861! 412 . 
- А4 | , : 
| [7 0) 46 2|4A|2 ; 
Мо Operation EA 1] 
АУМ--А (1) 4 05 01 TES i 
A—Ms S 1-5 48 : Vo. o an 
P—-Ms $ 1-5 08 ра "NN 
5.1—5 М5-А 68 5 * . 
5.1-5 М5—Р 28 
RMB[*4(0-7)|0—M, (5)- 27 | 37 |47 | 57 77 | · - . 8 
ROR 6] 3| 66] 5 EE ааа 
RTI Нуп int 40 | 5 |1 
RTS Rtrn Sub 50 | 6 [1 TEUER E ЕР а 
SBC A M С-аА (1) (4) 4| 3| E5] 3 E1 «а 
SEC 38 | 2 |1 i dater баз cm де 
SED Е8|211 . vcn ; 
SEI 78 12 |1 А . 
SMB/[#(0-7)] 97 | А? | 87 |С7 | 07 | Е? |Е7 |. . . . 
5ТА 4 85 81 EV" е 
STX 4 B6 96 | 4 | 2 ИЯ SU си 
STY 4 B4 e. Ж Қ 
ТАХ | АА 5 2% 5 
ТАҮ ` У A8 . 
ВА Lt ds 
, ВА aje а 
9A - $^ s 4 А 
98 : а 


№ № № 


мю ^9 


о 


МЮ ГО го № 
= а A 


<х.-<х>»>соо 
Danaa 
ww со Q бо со 
Cn Co WW 
№ № 
2222222222 
- NNNNNNNNNAN 5 


оь ьо Фе 
с CQ) C2) CO C2 CO 


2 
2 
2 
2 


AW GW о 
~ 


о 


[2] 
<< оту 


+ м” 


~ > о о 
— — -. c 
че 


WW Ww 
Www 


МОМ о 
< А өй ей а 


LEGEND M, = Memory Ви 6 
1. Add 1 to М if page boundary is crossed X = Index X . - Add 
2. Add 1 to М if branch occurs to same page + - Y = Index У - = Subtract 
Add 2 to N if branch occurs to different page А = Accumulator А = Апд 
3. Carry not = Borrow | . : М - Memory per effective address v = Or 
4. If in decimal mode 2 flag is invalid M, = Memory per stack pointer № = Exclusive Or 
accumulator must be checked on zero result. M, - Selecter zero page memory bit n - Number of cycles 
5. Effects 8-bit data field of the specified zero page address. M. = Memory Ви 7 # = Number of Bytes 


с | 24998 * #2998 


злата шозоло peseg HLHOS 
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A.3 INSTRUCTION CODE MATRIX 


0 
1 
2 
3 | Relative 3 
2 а" 
4 4 
5 5 
6 6 
7 7 
8 Implied 8 
1 2 
BCC TXS 
9 |Relative Implied 9 
12 
ТАХ LDY LDA LDX BBS2 
A Implied ABS ABS ABS | 2Р А 
1 2 34| 34134135" 
| TSX LDY LDA 
B Implied ABS, Х| ABS, X | ABS, Y B 
| 12 34 | 3 g (305 
СРҮ | СМР. ОЕХ СРУ | СМР | РЕС 
C IMM |(IND, X) Implied ABS ABS ABS С 
22 2 6 1 2 3 4 3 4 3 6 на | 
СМР DEC BBS5 
D | ABS, X | ABS, 2Р D 
3 4 37 |3 5" 
E 


SBC INC | 8857 
ABS,X|ABS,X| 2Р F 


F | Relative| (IND), Y 


2 2": 2 5* 3 4* 3 7 | 3 в" 
0 1 2 3 4 5 6 7 8 Ө А B с D E F 
0 
ВАК | —OP Code ЈЕ | 
0 | Implied | —Addressing Mode | "Add 1 to М if раде boundary is crossed. 
1 7 | —Instruction Bytes; Machine Cycles **Add 1 to МИ branch occurs to same page; | 


add 2 to N if branch occurs to different page. 
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_ . APPENDIX B 
KEY REGISTER SUMMARY | 


7 о | 57,4 
[AY десомоатоя 


7 0 


? 0 


(x) woex neaisTER х 


15 


Свен [са | PROGRAM COUNTER 


Г =] stack power 


7 0 
T 0 
7 0 


Nivi је [2]! [2 [< | processor status REG Р 


CPU Registers 


7 6 5 4 3 2 1 о 


CARRY (С; (1) 


1 = Carry Set 
0 = Carry Clear 


ZERO (2) (1) 


1 = 2его Result 
0 = Non-Zero Result 


INTERRUPT DISABLE (1) (2) 


1 -RQ interrupt Disabled 
0 :: ВО interrupt Enabled 


DECIMAL MODE (0) (7) 


1 — Decimat Mode 
0 = Binary Моде 


BREAK COMMAND (B) (1) 


1 — Break Command 
0 — Non Break Command 


OVERFLOW (0) (1) 


1'= Overtiow Set 
0 = Overfiow Clear 


NEGATIVE (N) © 


NOTES 
1 = Negative Value Not initialized by Res 
= Postive Value Set to Logic 1 by RES 


Processor Status Register 


SCCR Addr 0015. 


МЕЙ 

| | 0~Odd Рату 
1--Еуеп Parity 

0 Рагһу Disable 

1 Parity Enable 

0—8 Bits/Char 

1~7 Bits/Char 

0--6 Bits/Char 

1~ 5 Bits/Char 

0 —— 0 XMTR а RCVR ASYN Mode 

0 —— 1 XMTR ASYN, RCVR S/R 

1 == X XMTR S/R, RCVR ASYN 


0 RCVR Disable 
1 RCVR Enable 


0 XMTR Disable 
1 XMTR Enable 


Serial Communications Control Register 


3-57 


MCR Addr 0014 
ounter А 
Counter B Mode Select 
Mode Select 0- 0 Interval Timer 
` 0 ——— 1 Pulse Generation 
| 1---- 0 Event Counter 
Bus Mode Select 1 1 Pulse Width Meas. 


0 0 Interval Timer 
0----- 1 Asymmetric Pulse Generation 
t 0 Event Counter | 
1 1 Retriggerable Interval Timer. 
Port B Latch 
| (1 = Enable) 
Por D Tri-State 
(0 - Tri-State High Impédance Mode) 
1 —— 1 Миха Bus 


Mode Control Register 


IFR Addr 0011 


EZICIES EZ EPESENES 
_ | „| | „| » |» [ [о 


РАО Positive 
Edge Detect 
PA1 Positive 
Edge Detect 


IER Addr 0012 


РА2 Negative 
Edge Detect 
PA3 Negative 
Edge Detect 
Counter A 
Undertiow Flag 
Counter В. 
Underfiow Flag 
RCVR | 
Flag 


XMTR 
Flag 


Interrupt Enable and Flag Registers 


RCVR Data 
Reg Full 


RCVR Over-Run 


Parity Error 
Frame Error 

- Wake-Up 

End of Transmission 

XMTR Data Reg Empty 


XMTR Under-Run 


Serial Communications Status Register 
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APPENDIX C 
ADDRESS ASSIGNMENTS/MEMORY 
MAPS/PIN FUNCTIONS | 


С.1 ИО AND INTERNAL REGISTER ADDRESSES 


ADDRESS 
(HEX) READ 


tower Counter В 
Уррег Соџтег В 
_. Lower Counter В, CLR Flag 


Lower Counter A 
с. Upper Counter А 


Lower Counter А, CLR Flag 


Serial. Receiver Data Register 

Serial Comm. Status Register 

Serial Comm. Control Register 
. Mode Control Register 

Interrupt Enable Register 

Interrupt Flag Register 

Read FF 


NOTE: *R65F12 Only 


WRITE | 
Upper Latch B, Cntr B-—Latch B, CLR Flag. 


Upper Latch B, Latch C—Latch B 
Lower Latch B. 


Upper Latch A, Cntr A-—Latch А, CLR i 
Upper Latch A 
Lower Latch A 


Serial Transmitter Data Register 


Serial Comm. Status Reg. Bits 4 & 5 only 
Serial Comm. Control Register 
Моде Control Register | 


Interrupt Enable Register 


Clear Int Flag (Bits 0-3 only, Write 0% only) 
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C.2 MULTIPLE FUNCTION 
PIN ASSIGNMENTS— 
PORT С AND PORT 0 _ 


ЏО PORT 
FUNCTION 
REPLACED 


MULTIPLEXED PORT 
FUNCTION 


PCO 
26 PC1 
27 РС2 


РСЗ 
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C.3 MULTIPLEXED MODE 


MEMORY MAP 


IRQ Vector . | 
| RES Vector | 
NMI Vector 


Internal 
Registers 
External Memory 
(16384 — 256) 
Mux'd Addr Mode 


Ж NL NN ed 
| Internal Ram (192) VO Ports E, Е С 10006 
(R6500/12Q Only) 000 


0003 
. VO & Registers | VO Ports А, B, С, D 
0000 
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APPENDIX D 
TYPICAL MINIMUM HOOKUP 


— +5V 
PUSHBUTTON ок 
р 
+5 
із је 
nm 1.8K 
р: ч —hBl. 
LM747 
OP AMP 
(U6) 
ів 
ж 
10108 < 5 
7.6K 
4 
1.6K 
4 
-$Y 
= 10-Е 
ж 
% 
10иЕ 
29Hz с 
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1 " зешш 
as... сечи 12 
fed B 
по»2. 
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е #-56 
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APPENDIX Е. 
| ELECTRICAL SPECIFICATIONS - 


MAXIMUM RATINGS* | Т па | . *NOTE: Stresses above those listed | may cause permanent 
м ERN EI damage to the device. This is a stress rating only and functional 
Parameter |. Syn | Value. NC _ operation of the device at these ог any other conditions above 
‘Supply Vollage . .. _ pE | those indicated in the other sections of this document is not. |... 
E | УТ, я = —— R | implied. Exposure to absolute maximum rating conditions: for | 
[Input Vo age | extended periods may affect device reliability. 23 
' Operating Temperatur 
а Commercial | : 


| Storage Temperature 1 


DC CHARACTERISTICS 
(Voc = 5V £596, Vss = 0, Ta = 0 to 70°C) 


| .. Power Dissipation (Outputs High) 
Commercial а! 25°C _ 
| ВАМ Standby Voltage (Retention Mode) 


RAM Standby. Current (Retention Mode) 
© Commercial at 259C 
Input High Voltage (Except XTLI) 
Input High Voltage (XTLI) 
| Input Low. Voltage 
Input Leakage Current (RES, NMI) 
Vin = 0 to 5.0 Мас 


Input Low Current PA, PB, PC, ВЕ”, and РВ" 
М = 0.4 Мас) жи 


Output High Voltage (Except хто) 
(1 ОАО = .100 pAdc) | 


. Output Low "Voltage 
(koan = 4. 6 mAdc) 


© Darlington Current Drive, РЕ" 
(Vo = 1.5 Мас) 


Input Capacitance | BM 
"Ма -0, ТА = 25°C, f = 1.0 MHz) 
i PA, PB, PC, PD, PF*, and га. 
XTLI, XTLO. СИС | 
VO Port Pul-Up Resistance Е е RT 
| "РАО-РА7, 'РВО-РВ7, PCO-PC7, РЕО-РЕ7 and PGO-PG7 · 


ЕК Output Leakage Current 
 , Tri-State yos while in High Impedance: State 


^ Output Capacitance жы 
` Tri-State l/Os.while in Fon (брана State 
| Vin = OV, Ty = 25°C, f = 25°C, f = 1.0 MHz 


Note: Negative sign indicates outward current KNOW, positive indicates inward flow. 


"R65F12 only. 
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_ APPENDIXF - 
TIMING REQUIREMENTS AND CHARACTERISTICS 


F.1 GENERAL NOTES | | Е.2 CLOCK TIMING | 
| | | | SYMBOL PARAMETER 
2. А valid Ve m . RES sequence is required before proper | z Dru Fn T 
| operation is achieved. | | | Ж. суде 1 Тіте E | | 
Pa ah e | виза. [XTLI Input Clock . | 
. All ‘timing reference. levels are 0. ву and 2. OV, unless. | | ae co EN. 


v otherwise. specified. 


А А! time units are nanoseconds, unless otherwise specified. - 


. All capacitive loading is Цина тахітит, ехсер! аз noted. 


|XTLO = VSS _ S 


Width at Minimum. № 
Tcvc 


Тя ТЕ [Output Clock Rise, B 
| Fall Time 


below: 
PA, PB, PE, PF, PG Е | | | -— 50pf maximum Тін Тір Input Clock Rise, · 
y и | d {Fall Time 
ee one Teve- 
XTLI 
(XTLO = Vss) “------ Towi 
| <------ Towe аена б 

02 
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F.3 MULTIPLEXED MODE TIMING—PC AND РО. 


(MCR5-1,MCR6-1,MCR7-1) | 


SYMBOL | _ PARAMETER | 


(РС5) R/W Setup Time і 
|(PCO-PC4, РС6) Address Setup Time: 
| (PD) Address Setup Time | 
(PD) Data Setup Time © 
(PD) Data Read Hold Time 
(PD) Data Write Hold Time 
(PD) Data Output Delay _ 
(РСО-РС4, PC6) Address Hota Time 
(PD) Address Hold Time | i 
Трена  КРС5) R/W Hold Time 


pu ШЕЛ 
БЕЛ 
_ 3 
E 


| | T pasu E 
| 


Трвну © 


‚ | Трвро 


ТРСНА _ 
`ТРВНА 
| (PC7) Address to EMS Delay Time 
| |Tecve — |(PC7) EMS Stabilization Time 
| ЕМ5 Set Up Time 


_ NOTE 1: Values assume РС0-РС4, PC6 and PC7 have the same capacitive load... Ты 


F.3.1 Multiplex Mode Timing Diagram 


READ 


· ТРСНА —=| _ 
ЕТІ 
_ Рс6 


TPBAS — |  |„___ТРСУР_ 
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F.4 10, EDGE DETECT, COUNTERS, AND SERIAL 1/0 TIMING — 


|SYMBOL| — РАНАМЕТЕН 


Internal Write to Peripheral Data Valid 
PA, PB TTL 
PA, PB CMOS 


. [Peripheral Data Setup Time 


шие _ |Репрћега! Data Hold Time | 
оса | Тена | РА, РВ | 
1! РАО-РАЗ Edge Detect Pulse Width 
С Counters AandB 0 
РА4, РАБ Input Pulse Width 
РА4, РАБ Output Delay 
Port B Latch Mode 
РАО Strobe Pulse Width 


‚ PB Data Setup Time 
_ PB Data Hold Time 


` PAG XMTR TTL 
. PA6 XMTR CMOS | 
_РА4 RCVR S/R Clock Width 
PA4 XMTR Clock—S/R Mode (TTL) 
PA4 XMTR Clock—S/R Mode (CMOS) 


NOTE 1: Maximum Load Capacitance: 50рЕ Passive Pull-Up Required. 
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"ВЕБЕ Tie R65F12 


+ 


F.4.1 ЏО Edge Detect, Counter, and зена! (О Timing | 


EDGE DETECTS , 


РАО-РАЗ | 

(РАО-РАЗ) | 
CNTR ! | 
РА4, РАБ | | 


TCPW 


| TCD 
CNTR | 2.4V 
(PA4, PAS) ра — | 
| | o 0.4V 


TCMOS 


РАО-РА7 „У00--3096 


РВО-РВ7 


РВ p 
(LATCH MODE) 


TROBE 
РАО STRO 
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APPENDIX G 
INCLUDED FORTH FUN “TIONS IN ROM 
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3 BANKEXECUTE 


EEC! 


EXPECT 
COUNT 
SPACE 
< 

:2- 

РАО 
Мм. 
UPAD 
ТІВ 

2 

| 

+! 
SWAP 
DNEGATE 


BRANCH 


BANKEEC! 


2DROP 
NEGATE 
0- 
ГЕАУЕ 
SP! 

AND 

CR 
ENCLOSE 
(+LOOP) 
EXECUTE 


BANKC@ 
R 


# 
SPACES 


DREAD 

*j 

/MOD 

MAX 

D+- | 
(МОМВЕН) 
FILL 
—TRAILING 


. HEX | 


ROT 


2+ 
HLD 


?TERMINAL 
(FIND) 
(LOOP) 
CLIT 
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BANKC! 
D. _ 
SIGN 
SEEK 


SELECT 


‚Ме . 


MIN 
+ -- 
HOLD 
QUERY - 
TYPE 
-DUP 

> 

1+ 

DPL 
UR/W 
50 


3 


C! 
TOGGLE 
DUP- 
OVER 
2 

R» 

ВРО 
XOR 

U ж 

КЕҮ 
DIGIT 
OBRANCH 
LIT 


| | о RSC FORTH 
Rockwell № DEVELOPMENT AND KERNEL ROMS 


INTRODUCTION а. 


Тһе Rockwell Single Chip. (RSC) FORTH System can бе con- 0 2 R65FR1 FORTH Development ROM 
figured using the R65F11, R65F12 microcomputers or the — 1 —8K ROM. 
R6501Q ROM-less microcomputer. One of these microcom- |  —Addressable from $2000 through sore in FORTH devel- | 
puters, when used i in conjunction witha development. ROM and |. ‘opment: configuration memory тар. | | и 3 
а FORTH kernel ROM, provide the designer with maximum flex- © —R65F11 and R65F12 compatible | | | 
: ibility when. developing FORTH applications. 7 МЕН Operates in the R65F1 1/F12 FORTH developmen 
| configuration 
‚А$С- FORTH is based on the popular fig- FORTH model with: i 
extensions. The R65F11 and R65F12 both have the kernel of ° Rese R2 FORTH Development ROM 
the high level Rockwell Single Chip RSC-FORTH language con- ES | 
tained in the preprogrammed ROM. The R65FK2 and R65FK3 | 5... и аа mone FORTH 
Kernel ROMs are preprogrammed ROMs for use with the 222 —R6501Q compatible for use in emulation of the Ré5F11/F12 | 
R6501Q when developing larger applications requiring more . . FORTH development configuration 
memory and I/O line support. All of the run time functions ofthe  . 5 
RSC-FORTH are contained in these ROMs, including 16-алі 7 ° R65FR3 FORTH Development ROM 
. 82-bit mathematical, logical and stack manipülation, plus —8K ROM 
memory and input/output operators. The RSC-FORTH Operating ‚ —Addressable from $С000 through $DFFF in the FORTH E. 
System allows an external user program written in RSC-FORTH || development configuration memory тар. 
ог Assembly Language to be executed from external EPROM, —Operates in the R6501Q PORTH development 
ог development of such a program under the control of the configuration 
`А65РА1, Re5FR2 or R6SFR3 RSC-FORTH Development ROMs. е R65FK2 FORTH Kernel ROM 
dus | | | | à О, —4K ROM 
This document describes five different RSC-FORTH system con- . = —Addressable from $2400 through $FFFF in the FORTH | 
figurations using the development and kernel ROMs. | development configuration memory map 
| г — 865010 сотраные for use in the emulation of the _ 
ORDERING INFORMATION а |. R65F11/F12 FORTH development configuration . | 
= ^ Desc ription m _ —Replaces the FORTH kernel contained in the. R65F11 and . 
| Lin ME Re5F12 microcomputers during development 
| R6SERIP е FORTH Development ROM for R65F11 or В65Е12 E 
`А65РА2Р. | FORTH Development ROM for R6501Q | сө R65FK3 FORTH Kernel ROM Е | 
` | Re5FR3P. . | FORTH Development ROM for R6501Q | B —4K ROM | | | : 
| ResFK2P | FORTH Kernel ROM for А6501@. =. ·. | | —Addressable from $2400 through $ЕЕЕЕ i in the FORTH 
| R65FK3P. FORTH. Kernel ROM for R6501Q · .. A development and production configuration memory maps 
НӨ5ЕТІР | 40-Ріп FORTH Based Містодртрцое в а 1 MHz 2 2 —R6501Q compatible “. 
|  R65F11AP | 40-Pin FORTH Based Microcomputer’ а? MHz o —Operates i in the | R6501Q FORTH develBpment and раке 
3 R65F12Q 64-Рп. ЕОВТН Based Microcomputer ati MHz | | tion configurations - | 
R65F12AQ | 64-Ріп FORTH Based Microcomputer at 2 MHz. 2: | 
| R6501Q гар | 64-Ріп One-Chip Microprocessor at 1 MHz - RSC-FORTH SYSTEM CONFIGURATIONS 
jp -+ за: "т ое one Мертон: МА " f gel The three configurations of the RSC-FORTH. System are iden- 
| Order Мо. 1 | Description _ Ai аа ри tified by the CPU- ‘Development ROM combinations listed below: 
ы) 3 R6501Q One-Chip Microprocessor Product 8 
| Description |. | a "T RSC-FORTH System Configurations 2 


R65F11 and А65Е12. FORTH Based Microcomputer | — — 
_ | Product Description Sm . T | ‘Development | ,,RSC |. 
| RSC-FORTH User's Manual БЕ | : | ROM .. | ‘Configuration 
Application Note: A Low-Cost. Development Module : “В65ЕЛ1 | none | | R65FRi — 
Е fort the R65F11 FORTH Т Mierogomputor | Да ‚В65Е12 е ВЕБЕР 
| Ман К DART  R6501Q | . R65FR2 


_| В65010 365FK3 | | R65FR3 


Document Мо. 29651N80 - G ub я” 7 Е Жерг i · Product Description Order No. 2177 _ 
| DET | | DTI Februay 1984 | 


R65FR1 


RSC FORTH ROMs 


RSC-FORTH CONFIGURATION 1 (R65FR1) 


R65F11/R65F12 DEVELOPMENT AND PRODUCTION | 
The RSC- FORTH Configuration 1 provides the designer witha ^ 


FORTH development and application environment at a minimal 
cost. The application program. is developed using an R65F1 1 
or R65F12 microcomputer, an R65FR1 Development ROM and 
external RAM. Up to 8K bytes of RAM space is available using 
this configuration. However, Configuration 1 is limited to 5K or 


less bytes of RAM during development. This is the result of | 


allocating 2K bytes of RAM for disk buffers and at least 1K bytes 
: of RAM for the "Program heads". The program heads are con- 
. tained in a dictionary containing the Name (МҒА), Link Field 


| 22 Address (LFA) and the Parameter Field Address Pointer (PFA). 


© This dictionary is a list of FORTH word words and user-defined 
FORTH words used in the development of a FORTH program 
and is not present during the execution of the FORTH program. 


APPLICATION 
DEVELOPMENT 
RAM 


<8К BYTES 
R65F11/ 


R65F12 
MICRO- 
COMPUTER | 
' R65FR1 
DEVELOPMENT 
ROM 
_ ВК BYTES 


DEVELOPMENT 


; Although programs may reside in the upper 8K bus of memory 
area, normally filled by the R65FR1 Development ROM, it is dif-. 


ficult to develop code for that area using this configuration of: 
the RSC-FORTH System. 


The difference in using the R65F11 or the R65F12 is in the 
number of I/O lines available to the user. The R65F11 supports 
16 /О lines, the R65F12 supports 40 VO lines: РА 


Figure 1 hows the development and production configurations 
for the R65F11/F12. Configurations 1A and 1B list the features, 
memory maps, and the relationship of the R65F11 and R65F12 
to the R65FR1 Development ROM i in the development and pro- 
auction environment. | 


АРРЫСАТЮМ 
EPROM 
E <8К BYTES 
R65F11/ | 
Н65Ғ12 
MICRO- 
COMPUTER 


APPLICATION 
RAM 
(OPTIONAL) 


PRODUCTION __ 


Figure 1. R65FR1 Configuration 1 Block Diagram 


CONFIGURATION 1A CONSIDERATIONS 


Features | 
* 8K Bytes of User Memory 
* 16 I/O Lines 


Device Configuration 


DEVELOPMENT PRODUCTION 


R65F11 Microcomputer 


R65FR1 Development ROM 


User Метогу--І/О Resource Matrix 


User memory may be a mix of ROM, EEROM, UVPROM or 
RAM. 


| ^ MEMORY 


32 40 


| Memory Map . 


4000 ------ 
. R65FR1 


MUX BUS 2000. 


USER MEMORY | 


0000 | 
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CONFIGURATION 1B CONSIDERATIONS - 
Features diio 


.* 8K Bytes of User Memory 
• 40 I/O Lines 


Device Configuration 


DEVELOPMENT PRODUCTION 


EN 


User Метогу--І/О Resource Matrix 
User memory may be a mix of ROM, EEROM, UVPROM or 


R65F12 Microcomputer 


R65FR1 Development ROM ^ 


RAM.. i | | 
ki | | 
MEMORY | 
16K 
VO LINES 
Memory Мар | | 
Ty лер FFFF| — KERNEL 
. Fooo|- 
4000 | ———— | 
| R65FR1 


USER MEMORY 


0000 
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RSC-FORTH CONFIGURATION 2 
(В65ЕН2, А65ЕК2) 


R6501Q DEVELOPMENT AND Н65Ғ11/Ғ12. 
PRODUCTION 


The RSC-FORTH Configuration 2 provides the designer with the 
capability of using the full 16K bytes of external address space 
of the R65F11 and R65F12. 


The R6501Q ROM-less microprocessor, when used with the 
R65FK2 Kernel ROM and the R65FR2 Development ROM, 


emulates the operation of the R65F11/F12. Because of the | 
greater address space of the R6501Q, the R65FR2 Development. 


ROM can be relocated to address $4000 and the disk buffers 
and HEADS program to $6000. This expands the available user 
memo са 10 16K Cotes; $0000 through $3FFF. | 


DISK AND 
HEADS RAM 
+ <8К BYTES 


R65FR2 . 
DEVELOPMENT 
ROM 
8K BYTES 


| _|  ResFk2 


г мем ROM 
PROCESSOR | | ЗК ВУТЕЗ 


565010 | 


APPLICATION 
DEVELOPMENT 
RAM 
«16K BYTES 


DEVELOPMENT 


Using this configuration, the application program can be 
developed using the R6501Q and. then later installed in an 
R65F11 or R65F12 microcomputer without medication: 


Figure 2 shows the development and E configuration 
for the В65010. Configurations 2А and 2B list the features, . 


memory maps, and the relationship of the R6501Q to the 


А65РА2 Development ROM and R65FK2 Kernel ROM іп {һе 


‘development and production environment. Figure 3 isa 
Schematic of the R6501Q, RebFR2, Re5FK2 soc abs setup. 


APPLICATION 
EPROM 
16K 


R65F11/ 

R65F12 

MICRO- 
PROCESSOR | 


APPLICATION | 
RAM 
16K BYTES 


. PRODUCTION 


Figure 2. R65FR2 and R65FK2 Configuration 2 Block Diagrams 


R65FR2 е R65FK2  . | | RSC ҒОВТН ROMs 


CONFIGURATION 2A CONSIDERATIONS | CONFIGURATION 2B CONSIDERATIONS. 


Features | = Features 
• 16K Bytes of User "Headerless'" Memory е 16K Bytes of User “Неадепезз” Memory 
• 16 I/O Lines | е 40 I/O Lines 
Device Configuration Device Configuration 
DEVELOPMENT PRODUCTION | DEVELOPMENT PRODUCTION 


R65F11 Microcomputer | R65F12 Microcomputer 


R6501Q Microprocessor R6501Q Microprocessor 


R65FR2 Development ROM R65FR2 Development ROM 


R65FK2 Kernel ROM R65FK2 Kernel ROM 


Метогу—ИО Matrix | Метогу—/О Matrix 

If floppy disk is used in the application, space for the disk buf- If floppy disk is used in the application, space for the disk buf- 
fers must be allocated in memory from $0500 through $3FFF fers must be allocated in memory $0000 through $3FFF. User 
or $6000 through $7FFF. User memory can be a mix of ROM, memory can be a mix of ROM, EEROM, UVROM or RAM. 


EEROM, UVROM or RAM. 


MEMORY 


MEMORY 
1/0 LINES | | о MO LINES 
Memory Maps Memory Maps | | | 
DEVELOPMENT PRODUCTION DEVELOPMENT PRODUCTION 
NN MET NN БЕРЕ 
Ғ400 | F400 | 


. |BK USER RAM 

(HEADS) | 
Re5FR2 | 
4000 


USER 
MEMORY 


MEMORY 
(CODES ONLY) 


0000 


3-71 


62-5 


13005 114594 OLNI 9пла OL нзашпг аа ма оў ISN 


(133205 аа ма 07) |“ " | К - 


| 45V 


41 


(dino ма 99) огозен IN 


4000 E и SE | 45V 
У a E Ta : 2 28g +5М | 45V 
пт E A ҚҰН 4 22 |24 
| : X - еа. 22-21 ыт 
ME |“ | (NE жа Д 
A9 ____ AE до 2. y 22 дэ m 
A8 „ђаво |, [мр 
AT Зат со? Чат “рт 
AG ' Ав бов“) = [—*|As © 06 
АБ | pe ^3 05 HZ | 3 as > 05 
А4 Ма Фр, д № D4 
АЗ. „Наз gost Б АЗ - 03 
m жі) = 02 HN таз = 02 
Аф Ае. © ы. 
= йт; 
05 
04 
03 
= ADDRESS BUS 


DATA BUS 


|. . +5/ GND 
U5 741504 14 7 
06 741510 14 7 
U?7 1741500 14 7 


~ Pin 22 on Н65010--бупс Signal not connected. 
When emulating a R65F12 system Ports E, F or G 


must be constructed externally using TTL circuits - 


(contact Rockwell). | 


Figure 3. R6501Q, R65FR2 and R65K2 Application Configuration Schematic 


——— 85595853 


БЕТ ЕТЕТ 


SWOH HLYO4 259 
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RSC-FORTH CONFIGURATION 3 
(R65FR3, R65FK3) 


R6501Q BASED SYSTEM DEVELOPMENT 
AND PRODUCTION. ии 


Тће RSC- FORTH Configuration 3 is designed for those applica- 
tions which require a larger amount of ROM or RAM space than 
the R65F11 or Re5F12 can provide, 


In the development configuration, the user is provided with up 
to 48K bytes of memory. The user memory is located from $0000 
through $BFFF. The program heads will use some of this area 
but the user will still have considerably more memory space 
available then in the previous configurations. 


The production configuration provides up to 56K bytes of user 
memory. This is due to the fact that the В65ЕНЗ Development 
ROM, used in the development configuration, is not required 
in the production configuration and releases the 8K bytes of 
memory space. This memory is located at 52000 through 
$DFFF. 


Figure 4 shows the development and production configurations 
for the R6501Q. Configuration 3 lists the features, memory maps, 
and the relationship of the R6501Q to the R65FR3 Development 
ROM and the R65FK3 Kernel ROM in the development and pro- 
duction environment. 


R65FR3 
DEVELOPMENT 
ROM 
8K BYTES 


R6501Q 
MICRO- | 
PROCESSOR 


| APPLICATION 
DEVELOPMENT | 


"ВАМ | 
548К BYTES 


DEVELOPMENT - 


R65010 
MICRO- 
PROCESSOR 


APPLICATION | 
RAM 
<56К BYTES 


PRODUCTION 


Figure 4. R65FR3 and R65FK3 
Configuration 3 Block Diagrams 
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CONFIGURATION 3 CONSIDERATIONS 


Features | mE 
e R6501Q w/FORTH 


• 48K Bytes of User Menon 


в 30 /О Lines · 


Оемсе Configuration 


DEVELOPMENT PRODUCTION | 


R6501Q Microcomputer 
R65FK3 Development ROM 


R65FR3 Kernel ROM 


User Метогу--І/О Resource Matrix 


ИТ ports act аз І/О ports. Memory is on the bus. PC6 % PC7 


(I/O lines) are assigned to memory. User memory can be a mix 


of ROM, EEROM, UVPROM or 


RAM. 


48K pum 


MEMORY 
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Memory Maps 
DEVELOPMENT 
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R6500 ) Microcomputer System | 


R6501 a 


| ONE-CHIP MICROPROCESSOR 


SECTION 1 
INTRODUCTION 


1.1 FEATURES OF THE R6501Q 


Enhanced 6502 CPU 
‘—Four new bit manipulation instructions 
e Set Memory Bit (SMB) 
e Reset Memory ВИ (RMB) _ 
. e Branch on Bit Set (BBS) 

e Branch on Bit Reset (BBR) 
—Decimal and binary arithmetic 10298 
— 13 addressing modes 
—True indexing 
192-byte static RAM 
32 bidirectional, TTL- -compatible o lines (four ports) 


One 8- bit port may be tri- stated under software control . 


control | 

Two 16-bit programmable. counter/timers, with latches 

—Pulse width: measurement . 

—Asymmetrical pulse. generation 

— Pulse generation Т 

--Іпіегуа! timer 

— Event counter | 

—Retriggerable interval timer 

Serial port 

—Full-duplex asynchronous operation. mode 

_ —Selectable 5- to 8-bit characters 

— Wake-up feature 

„с —Synchronous shift register mode 

`. —Standard programmable bit rates programmable 
up to 62.5K bits/sec @ 1 MHz 

Ten interrupts 


` Reset | 
| --Моп- -maskable 
—Two counter underflows 
— Serial data received 
— Serial data transmitted 


One. 8-bit port may have. latched inputs under software A | | | 
1 2 SUMMARY - E 
The Rockwell R6501Q is a complete, high-performance в. -bit 


" ММО5-3 microcomputer on a single chip and is compatible 
with all members of the R6500 familye | | 


--Еош edge-sensitive lines; two positive, two negative 


e Bus expandable to 64K bytes of Рета: memory 

e Flexible clock circuitry 

—2-MHz or 1-MHz internal operation | 

--4 MHz Crystal used to generate internal clocks 

1 из minimum instruction execution time at 2 MHz | 
ММО5-3 silicon gate, depletion load technology. 

Single +5V power supply 

12 mW stand-by power. for 32 bytes of the 192- әуе ВАМ 
мош ОШР 


к Тһе R6501Q consists of an enhanced 6502 CPU, an internal | 
clock oscillator, 192 bytes of Random Access Memory (RAM), | 


and versatile. interface circuitry. The interface circuitry in- 


cludes two 16-bit programmable timer/counters, 32 bidirec- Е 


tional input/output lines (including four edge-sensitive lines 


іі and input latching on опе 8-bit port), a full-duplex serial ИО 
: channel, ten interrupts, and bus expandability. | 


Тће inovative: architecture and the dempnetraied high рег- 


| Чогтапсе of the R6502 CPU, as well as instruction simplicity, | 
‘results in system cost-effectiveness and a wide range of 


computational power. These features make the R6501Q a 
leading candidate for microcomputer applications. — ` 
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55019 н Ш а One-Chip Microprocessor 
Rockwell supports development of the R6501Q with the 1.3 CUSTOMER OPTIONS. 


System 65 Microcomputer Development System and the 
· R6500/* Family of Personality Modules. Complete in-circuit 
emulation with the R6500/* Family of Personality Modules 
allows total system test and ‘evaluation. | 


The R6501Q has по customer specified mask options, t has 
the following characteristics. 000 ща 


e Crystal Oscillator 
| 2222» Clock Divide by 4 
This product description : assumes that the us. is familiar e Clock MASTER Mode 
with the R6502 CPU hardware and programming. capabili- | У NY 
ties. A detailed description of the R6502 CPU hardware is e Reset Vector at РЕРС | 
included in the R6500 Microcomputer System Hardware e Internal pull-up resistors on Ports PA, PB, and PC 


Manual (Document Number 29650N31). A description of the 4. | 

instruction capabilities of the R6502 CPU is contained in the | | 1.4 ORDERING INFORMATION 
2222. В6500 Microcomputer System Programming Manual (Doc- | |. , Res01Q — 4 MHz Xtal, 1 MHz Operation 
МР c ument Number 29650N30). "a REBOIAQ — 4 MHz Xtal, 2 MHz Operation 


| | 1.628 
„ома - (41.35 ММ) 


532У45 тупоз и 


.050 REF Е, 
| (1.27 MM) 
.680 ТҮР 
‚ч —— (17.27 ММ) 
р ‚925 
ч (23.495 ММ) 


= | | — — (10.05 wm EN 
| || 


64 PIN ОМІР 


Figure 2-1. Mechanical Outline & Pin Out Configuration 
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| ии SECTION 2 d 
_ R6501Q INTERFACE REQUIREMENTS 


This section describes the- interface requirements for {ће . 


R6501Q. Figure 2-1 and 2-2 show the Interface Diagram and... 
the pin out. configuration for both devices: Table 2-1 describes. 
the function of each pin. Figure 3-1 has a detailed block аіа- 
gram of the R6501Q ports which illustrates the. internal func- 
tion of the device. па С А EA сс: 


РА, РАЗ: 
EDGE DETECTS) 


DS (РАО) 
(DATA STROBE} 


#2 PCO-PC7 


· DBO-DB7 (sly 
‚ А0-А12, A15 Ca 


ВС» РОСРО | 
SYNC BL 


| |4---СА (Paay: 
-> СВ (РА5)“ 


SO (РАб)* 
$1 (РА?) 


SERIAL RECEIVE, E 
TRANSMIT. 
| REGISTERS 


16 вт ^ 
COUNTER/LATCH | 
в BE 


'MULTIPLEXED FUNCTIONS PINS Sofware. Selectable) 


Figure кілді Interface Diagram | 


РАС-РА7 (РАО, РАТ, 


РВО-РВ7 (LATCHED INPUTS) 
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STABLE 2-1. Reso1Q Pin Descriptions 


SIGNAL NAME - 


XTLO 


RES 


$2 


PAO-PA7 


С PBO-PB7 


.PCO-PC7 
PDO-PD7 . 


_А0-А12, A15 | 


080-087 


SYNC 


РІМ МО. 


43 


44 


42 


41 


45 


23. 


39-32 
31-24 
54-61. 


“62-64, 


15 


2207 


53-46 . 


240 


DESCRIPTION 
Main power supply +5V 


` Separate power ріп for RAM. 
“Іп the event that Vec power 


is off, this power retains RAM . 
data. 


Signal and power gourd (оу) 


Crystal or clock input for in- 


| ternal clock oscillator. Allows 
input of X1 clock signal if 


XTLO is connected to Vss or 
of X4 clock if XTLO is floated. 
Crystal output from internal 
clock oscillator. 

The Reset. input is used to 
initialize the device. This sig- 
nal must. not transition from 
low to high for at least eight 
Cycles after Усс reaches op- 
erating: range.and the. inter- 
nal oscillator has stabilized. 

Clock signal output at inter- _. 
nal frequency. 

A negative going edge on the 

Non-Maskable: Interrupt sig- 
nal requests that а поп- 
maskable interrupt Бе: gen-. 
erated with the CPU. 

Four’. 8-bit ports used. for 
either input/output. Each line 


of Ports A, B and C consists “| 
of an active transistor to Vig 
and а passive pull-up to Усе. - 

- Port D functions as either an °" 


8-bit input or 8-bit output рой. :_· 


It has active pull- ир апа ри. 
_ down transistors. | Шы, Өр” 
Fourteen address lines used: .. | 

to. address а complete... 


65K external address space. 
Note: A13 & A14 are sourced | 


_. through PC6 8 PC7 when "о 


the Full Address Mode. | 


‚ Eight bidirectional data: bus 


lines used to transmit data to | 


‚ and from 'ежета! memory. ‘~ 
|. SYNC is a positive going sig: 
„г, па for: the full clock | сусіе ee 
., Whenever the CPU 18 per 
| forming an OP CODE fetch. 
| Controls the direction о! data 


transfer ‘between the CPU 


and the external. 65K ад-. - 

dress space. The signal is. 

. high when’ reading” and low | B 
when: writing. EN 
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SECTION 3 


One-Chip Microprocessor 


SYSTEM ARCHITECTURE 


This section provides a functional description с of the R6501Q. 
. Functionally the R6501Q consists of a CPU, RAM, four 8-bit 


parallel /О ports, a serial I/O port, dual counter/latch circuits, | 
a mode control register, and an interrupt flag/enable dual - 


register circuit. A block diagram of the system is shown in 
Figure. 3-1. | 


ви NOTE . 
Throughout this document, unless specified otherwise, - 


all memory or register address locations are specified 
in hexadecimal notation. 


3.1 CPU Loaic 


The R6501Q. internal CPU is a standard 6502 configuration 
with an 8-bit Accumulator register, two 8-bit Index Registers 
(X and Y); an 8-bit Stack Pointer register, an ALU, a 16-bit 
Program Counter, and standard instruction register/decode 
and intemal timing control logic: 


3.1.1 Accumulator | 
Тһе accumulator is. a general purpose 8-bit register that 


stores, the results of most arithmetic and logic operations. In 


addition, the. accumulator usually : contains one of the two 
data words used in these operations. 


3.1.2 Index Registers 


There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram counter. and thus obtain a new address—the sum of 
the program countar contents and the index register contents. 


When executing ап instruction which specifies indirect. 


addressing, the CPU fetches the op code and the address 
and modifies the address from memory by adding the index 


register to it prior to loading or storing the value of memory. 


Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 


3.1.3 Stack Pointer 


The Stack Pointer is an 8-bit register. It is automatically ` 


incremented and decremented under control of the micro- 

processor to perform stack manipulation in response to either 

user instructions, an internal IRQ interrupt, or the external 

interrupt line NMI. The Stack Pointer must be initialized by 
"ће user program. | 


The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may 
be accessed only from the top. The address of a memory 
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location:is stored (or "pushed") onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer іѕ 
placed on the Address Bus, data are written into the memory 
location addressed Бу the Stack Pointer, and the Stack 
Pointer 18 decremented by 1. Each time data are read (ог 
"pulled") from the stack, the Stack Pointer is incremented by 
1. The Stack Pointer is then placed on the Address Bus and 
data are read from the memory location addressed by the 
Pointer. 


The stack is located on zero page, i.e., memory locations 


ООҒҒ-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 


3.1.4 Arithmetic And Logic Unit (ALU) 


All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 
for more than опе .сусіе. If data are placed on the inputs to 
the ALU atthe beginning of a cycle, the result is always gated | 
into one of the storage registers or to external memory during 


the next cycle. 


Each bit of the ALU has two inputs. These inputs can be tied 


to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. | 


3.1.5 Program Counter · 


The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 


the Program Counter (PCL) is placed on the low-order bits 


of the Address Bus and the higher (most significant) byte of 


. the Program Counter (РСН) is placed on the high-order. 8. 


bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 


3.1.6 Instruction Register and Instruction Decode 


Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register, then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 


3.1.7 Timing Control 


The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 
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3.1 в Interrupt (эле 


| Interrupt | logic. controls the sequencing of three interrupts: 


‘RES, NMI and IRQ. IRQ is generated by any опе of eight 


conditions: 2 Counter Overflows, 2 Positive Edge Detects,” | 


2 Negative Edge Detects, апа 2 Serial Port Conditions. 


_3.2 NEW INSTRUCTIONS 


In addition to the standard R6502 instruction set, four new 


рй manipulation instructions have been added to the В65010. 
. The added instructions and their format are explained in the ; 
^," following paragraphs. Refer to Appendix A for ће Op Code: 


| 3. 4 RANDOM ACCESS MEMORY (ВАМ) 


The RAM consists of 192 bytes of read/write memory with 


_ an assigned page zero address of 0040 through OOFF. The 


R6501Q provides a separate power pin (Var) which may be 
used for standby power for 32 bytes located at 0040-005F. 


· In the event of the loss of Vec power, the. lowest 32 bytes of 


RAM data will be retained if Standby power is supplied to the 
Var pin. If the RAM data retention is not required then Var 


` must be connected to Vee: ШЫ operation Var must be at 


the Vcc level. 


ы For the ВАМ to retain data upon loss o of Мес. Уан must be 
P 'supplied within operating Tange and RES must be driven low 


“ mnemonic addressing matrix. for these added instructions. . . 


- The four added instructions do not impact th the CPU processor 


с status register. 


3.2.1 Set Memory | Bit it (SMB i m, Addr.) 


.. This instruction sets to "1" one of the.8-bit data field specified — 
by the zero page address (memory or /О port). The first byte — 


` range. RES must then be held low while Voc is out of öper- 


ating ‘range and until at least eight 02 clock cycles after Vec 
is again within operating range and the internal 02 oscillator - 


2 is stabilized. Van must remain within Усс operating range 


of the instruction specifies the SMB operation and one of eight. о 


bits to be set. The second byte of the instruction designates - 


| ins 92 о! the о 10 pe реше upon. 


instruction except a reset to "0" of the bit results. 


3. 2.3 Branch On Bit Set Relative (BBS т, Adar, a 


DEST) 


This instruction tests one of eight bits designated by a 3-bit . 


immediate field within the first byte of the instruction. The 


second byte is used to designate the address of the byte to 


be tested within the zero page address range (memory or 


ИО ports). The third byte of the instruction is used to specify . 


‘the 8-bit relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
| 'sequential instruction is executed. 


3.2.4 Branch On Bit Reset Relative (BBR т, . E 


Addr, DEST) | 


‚ This instruction is the same operation and format as the BBS 
. instruction except that a branch takes icai if the bit tested 
5 а "О". 


3.3 READ-ONLY-MEMORY (ROM) 
The В65010 has по ROM and its Reset vector is at FFFC. 


Js This instruction is the same oberátioi and miat as | SMB | 
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during normal operation. When Vec is out of operating range, 
ан must remain within the Var retention range in order to 


retain data. Figure 32 shows typical waveforms. 


RAM OPERATING MODE RAM RETENTION MODE 


INITIAL APPLICATION OF Voc AND Vra. 
^ "LOSS ОҒ Усс, RAM ON STANDBY POWER. 


REAPPLICATION OF V... 
>8 92 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 
78 02 CLOCK PULSES. 


Figure 3-2. Data Retention Timing 


3. 5 CLOCK OSCILLATOR - 


The R6501Q has been configured for a crystal oscillator, 


а countdown network, and for Master Mode Operation. 


A reference frequency can be generated with the on-chip 
oscilator using either an external crystal or an external 
oscillator. The oscillator reference frequency passes 
through an internal countdown: network to obtain the 
internal operating frequency (see Figures 3-3a and 3-3b). 
The external crystal generated reference frequency is a 
preferred method since the resistor method can have tol- 
erances оаа 50%. 


Note: 


When operating at 1 MHz interval frequency 
(R6501Q) place a 15-22 pt capacitor between 
AVEO and ground; 


965016 


connections. № XTLO is left floating, the external source is 


Internal timing can also be controlled by driving the XTLI pin _ 
with an external frequency source. Figure 3:32 shows typical 


divided.by the internal countdown network. However, if XTLO. | 
is tied to Vss, the internal countdown network is bypassed А 


causing the стр to operate at the frequency of the external 
source. 


XTLI | 
| fin 2 МН2 
| 865010 


зіне СЗ 


XTLO 


| а. Crystal input 


Lm. = «2MHz 


1-2MHz 
| f: = 1 or 2 MHz 


fext = fins 


Vss ей 


b. Clock Inputs 


Figure 3-3. Clock Oscillator Input Options 


3.6 MODE CONTROL REGISTER (MCR) 


The Mode Control Register contains control bits for the mul- 
tifunction I/O ports and mode select bits for Counter A and 
Counter B. Its setting, along with the setting of the Serial 
Communications Control Register (SCCR), determines the 


basic configuration of the R6501Q іп any application. Initial- | 


izing this register is one of the first actions of any software 
‘program. The Mode Control Register bit assignment is Shown 
in Figure 3-5. 


3.7 INTERRUPT FLAG REGISTER T 
AND INTERRUPT ENABLE 
REGISTER (IER) _ 


An RQ interrupt request can be initiated by any or all of eight 
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simultaneous interrupts cause the ТВО interrupt request to 
remain active. until all interrupting conditions па, Бееп 
serviced and cleared. . | 


The Interrupt Над Register contains the information that 
indicates which ИО or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 
0010. The RMB X, (0010) instruction reads FF, modifies bit 
X to a "0", and writes the modified value at address location 
0011. In this way IFR bits set.to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. A logic "1" is ignored when writing to 
edge detect IFR bits. | 


Each IFR bit has a corresponding bit in the Interrupt Enable 
Register which can be set to a "1" by writing a "1" in the 


respective bit position at location 0012. Individual IER bits 


may be cleared by.writing a "О" іп the respective bit position, 


. or by RES. If set to a "1", an IRQ will be generated when the 


corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1. | 


“Аде 0014 


Counter В 
_ Mode Select 0 0 Interval Timer 
0----- 1 Pulse Generation 
1 —— 0 Event Counter 
1 1 Pulse Width Meas. 
0 0 Interval Timer 
0 — — 1 Asymmetric Pulse Generation 
1----0 Event Counter 
1 1 Retriggerable Interval Timer 
Port B Latch 
(1 = Enabled) 
Port D Tri-State 
(0— Tri State High Impedance Mode) 


Bus Mode Select 


0———0 Full Address 
0———1 Normal 

1 0 Not Used 

1. Not Used 


4 


. Figure 3-5. Mode Control Register 


The use of Counter A Mode Select is shown in Section 6.1. 


The use of Counter B Mode Select is shown in Section 6.2. 


possible sources. These sources are all capable of being - 


enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
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The use of Port B Latch 08816 is shown іп Section 4.4. 


The use of Pori D in Tri- State Enable is shown in Section 


46. 


The use of Bus Mode Select is shown in Section 4.5 and 4.6. 


Micro rocessor 


R6501Q Microprocessor 


| | mM aM = -—  . тће Carry Bit may be set or cleared under program control 
Ее ИЕ 
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tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 


| and SBC. 
“CL TLE EET) 
( 
РАО Positive 
| Edge Detect М Ы 3 : ы 2 : : 
С РА Positive | 
. Edge Detect ' с 
PA2 Negative ЧЕ 
Edge Detect ; 
РАЗ Negative — TIN | | | CARRY (C) 
Edge Detect | МР | i 1 | © 
` Counter А > . е Е | — : | 12 Carry Set 
Underfiow Flag P. | E | | | 0 = Сату Clear 
Counter B | 2ЕНО (2 
Undertiow Flag | | | 10] 
Несеіуег | | 1 = Zero Result 
Flag: | as | : | 0 = Non-Zero Result 
Да ` | | 22 | | А | | | —— INTERRUPT DISABLE (1)(2) 
ЕС сата LAE: | | К. 1 = ВО Interrupt Disabled 
Figure 3-6. Interrupt Enable and Flag Registers | | $ 0 = IRQ Interrupt Enabled 
mE | 7 : | ле T » | — DECIMAL MODE (0) (1) 
c " сачини me ZEE -.1 = Decimal Mode 
2. 8 PROCESSOR STATUS REGISTER. | Е | 0 = Втагу Моде 
Тһе 8- bit Processor Status Register, shown in Figure Д : | 4 | ВНЕАК COMMAND (в) (1) 
3-7, contains seven status flags. Some of these flags are Ро B | _ Break Command 
controlled. by the user program; others may be controlled = _ | | о> = Non Break Command 


both by the users program and the CPU. The R6502 
instruction set contains a number of conditional branch Т А | 
instructions which are designed to allow testing of these | ВЕ IER ый 
flags. Each of the eight processor status flags is 


OVERFLOW 04) 


described іп the following sections. Е NEGATIVE (NII) 
| я : | | i (1) Not initialized by RES | = House vind 
3.8.1 Carry Bit (C) | à Set to Logic 1 by RES = 7 ve Value 
The Carry Bit (C) can be considered as the ninth bit of an Fi hi. P | | 
arithmetic operation. It is set to logic 1 if a carry from the gure 3-7. Processor Status Register 


eighth bit has occurred or cleared to logic 0 if no carry 
occurred as the result of arithmetic operations. 


Table 3-1. Interrupt Flag Register Bit Codes 


BIT 

CODE FUNCTION | 

ІЕН 0: PAO Positive Edge Detect Flag—Set to а "1" when a positive going edge is detected on PAO. 
Cleared Бу ВМВ О (0010) instruction or by RES. 

IFR 1: PA1 Positive Edge Detect Flag—Set to a 1 when a positive going мод: is detected on РАТ. 
Cleared by RMB 1 (0010) instruction or by RES. 

IFR 2: PA2 Negative Edge Detect Flag—Set to a 1 when a negative going =з? is detected on РА2. 
Cleared by RMB 2 (0010) instruction or by RES. 

IFR 3: РАЗ Negative Edge Detect Flag—Set to 1 when a negative going edge is detected on PA3. 
Cleared by RMB 3 (0010) instruction or by RES. | 

ЕН 4: Counter А Underflow Flag—Set to a 1 when Counter A ипдетом occurs. Cleared d by reading 
the Lower Counter A at location 0018, by writing to address location 001A, or by RES. 

IFR 5: Counter B Underflow Flag—Set to a 1 when Counter B underflow occurs. Cleared by reading 
the Lower Counter B at location 001C, by writing to address location 001E, or by RES. 

IFR 6: Receiver Interrupt Flag—Set to a 1 when any of the Serial Communication Status Register bits 
0 through 3 is set to a 1. сюзе: when the Receiver Status bits (SCSR pu are cleared or by 
RES. - | 

IFR 7: Transmitter Interrupt Flag—Set о а 1 when SCSR 6 is set to а 1 while SCSR 5 is a 0 ог SCSR 


7 is set to a 1. Cleared when the Transmitter Status bits (SCSR 6 & ш are cleared or by RES. 
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3.8.2 Zero Bit (2) 


The Zero Bit (Z) is set to logic 1 by the. CPU during any, data | | 
movement or calculation which sets all 8 bits of the result to | 


zero. This bit is cleared to logic 0 when the resultant 8. bits 
of a data movement or calculation operation are not all zero. 
The R6500 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, 
affected by the following instructions; ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 


3.8. 3 Interrupt Disable Bit (I) 


The Interrupt Disable Ви (I) is used to control the Servicing 
of an interrupt request (IRQ). If the Ві is reset to logic 0, 
the IRQ signal will. be serviced. е БИ is set to logic 1; the 
IRQ signal will be ignored. Тһе CPU will set the Interrupt 
Disable Bit to logic 1 if a RESET (RES), IRQ, or Non-Mask- 
able. шу (ММІ) signal is detected. : 


The | bit is cleared by the Clear ТЕРГЕ Мазк Instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit is Set by the BRK Instruction. The Return from Inter- 
rupt (RTI) and Pull Processor Status (PLP) instructions will 
also affect the | bit. 


3.8.4 Decimal Mode Bit (D) 
The Decimal 'Mode Bit (D) is used to control the arithmetic 


mode of the CPU. When this bit is set to logic 1, the adder _ 


operates as a decimal adder. When this bit i is cleared to logic ` 


0, the adder operates as a straight binary adder. The adder _ 


mode is controlled only by the programmer. The Set Decimal 


Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction clears it. The PLP and: АП instruc- 
tions also affect the Decima! Mode Bit. 7 


us i CAUTION - | 
Тће Decimal Mode. Bit will either set or clear іп ап | 


unpredictable manner upon power application. This bit 
must be initialized to the desired state by the user pro- _ 
grams or erroneous results meri оссиг. 
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ОЗ, 8. 5 Break Bit (B) 


E The Break Bit Bit (B) is used to determine the condition which 
caused the. тва service routine to Бе entered. If the КО ser- 


Vice routine was entered because the CPU executed a BRK 


‘command, the Break Bit will be set to logic 1. If the IRQ гоџ- 


tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no 
instructions which can set or clear this bit. 


3.8. 6 Overflow Bit (V) 


The Overflow Bit (V) is used to indicate that the result of a 
signed, binary. addition, or subtraction, operation is a value 


that cannot be contained in seven bits (-128 = n = 127). | 
This indicator only has meaning when signed arithmetic (sign E 
and seven magnitude bits) is performed. When the ADC or. | 


SBC instruction is performed, the Overflow Bit is setto logic . : 
1 if the polarity of the sign bit (bit 7) is changed because the | 

result exceeds +127 or – 128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. | | 


The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction—which may be used to sample interface 
devices—allows the overflow flag to reflect the condition of. 
bit 6 in the sampled field. During a BIT instruction the Over- 


flow: ВИ is set equal to the content of the bit 6 on the data. | 
tested with BIT instruction. When used in this mode, the. 

Overflow has nothing to do with signed arithmetic, but is just: | 
another sense bit for the microprocessor. Instructions affecting : 


the V flag are ADC, BIT, CLV, PLP, RTI and SBC. 
3.8.7 Negative Bit (N) 


The Negative Bit (N) is used to indicate that the sign bit (bit 


7) in the resulting value of a data movement or data arith- 


“metic operation is set to logic 1. If the sign bit is set to logic 


1, the resulting value of the data movement or arithmetic 


‚ operation is negative; if the sign bit is cleared, the result of 


the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The 
instructions that effect the state of the Negative Bit are: ADC, 
AND, ASL, ВІТ, CMP, CPX, СРҮ, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, dec | 
ROR, RTI, SBC, TAX, TAY, TSX, ТХА, and TYA. , | 
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SECTION 4 m 
PARALLEL INPUT/OUTPUT. PORTS. 
в BUS MODES 


The devices have 32 /О lines grouped into four 8-bit ports 


(PA, PB, PC, and РО). Ports А through С may be used either | 
| for input ог. output individually or in groups of any combination. | 
с, Port D. may be used; as all inputs or all. outputs; | UC 


PO perform a | multiplexed: function, 


Internal нің m гәзідісіз (ЕТ with ап impedance range of Е 
12K ju are provided on all port pins except 


| ЗК = В = 
Port D. 


^" The: direction " the: 32 o lines аге и a four ir 8-bit : 

... port:registers, located. in page zero. This arrangement pro- ^ 
„го vides quick programming access using simple two-byte zero .: - 
| page address instructions. There are no direction registers . © 


Multifunction O's rn as Port A nd Port С are protected. 
from normal port ИО instructions when they. are programmed. AE 


associated with the I/O ports, thus simplifying ИО handling. ` 


Тһе-|/О. addresses are shown in ше 4-1, (asia E: 45 


| shows the I/O Port Timing. 2 | 


_ Table 4-1. 


ШО Port Addresses. | 
PORT _ ADDRESS. 
EE 0000 -: 
ee 0002 
г. Во 0003. 
44 INPUTS: 


. Inputs for Ports ^, B, and C are TTE by loading bac] 1 


into all 1/0. port register bit positions that are to correspond 
to ИО input lines. A low (<0.8V) input signal will cause a logic 


0 to be read when a read instruction is issued to the port. 
register. A high (>2.0V) input will cause ajogic 1 to be read. - 


Port D may only be all inputs or ай outputs. All inputs is 
selected by setting bit 5 of the Mode Control тес e 
to а. "О". 


| тһе status of the. input lines: can be interrogated at; any time 


by reading the /О-рой addresses: Note that this will return с 


' the actual. status of the input: lines, not the. data v written into. | 


{һе vO port registers. 


Read/Modity/Write ылд. сап bs m to. modify the 
operation of PA, PB, PC, & PD. During the Read cycle of a 
Read/Modify/Write instruction the Port ИО register is read. 
For all other read instructions the рог: при! lines are read. 
 Read/Modify/Write instructions are: ASL, DEC, INC, LSR, 


+, RMB; Mic ROR, and SMB. 


oe 42 OUTPUTS. 


Outputs for Ports A thru, D are controlled p). sting. the 


a desired | Це line output states into the corresponding ИО port 


 fegister bit positions. A logic 1 will force а high (>2.4V) 


output, while a logic 0 will force a low (<0 AV) output. 


Port D ail бщри 15 selected by setting МСА5 to a "ar, 


4.3 Port A (РА). 


Port A can be programmed via the Mode Control Register 
(MCR) and the’ Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, I/O port 
or as serial channel I/O lines, counter ЏО lines, or an input 
data strobe for the Port B input latch өртеп Table 4- 2 tab- 


 ulates the control and usage of Port A. 


In addition to their normal I/O functions, РАО and PA1 can: 
detect positive going edges and PA2 and РАЗ can detect 
negative going edges. A proper transition on these pins will 


^. Set a corresponding status bit in the IFR and generate ап 


An RES signal forces ай /О port registers to logic 1 thus a i 


initially treating all Це) lines as inputs. 


.. interrupt request if the respective Interrupt Enable Bit is set. 
.. The maximum rate at which an edge can be detected is one- | 


half the 92 clock rate. Edge detection timing is shown in Ap- 


Penn E.3. 
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Table 4-2. Port A Control and Usage 


iu PAOVO = |... PORT B LATCH MODE 
| MCR4 - 0 3 "МСРА = 1. 


SIGNAL SIGNAL 


РАО (2) PORT B INPUT (1) 
PIN 39 LATCH STROBE 
M | PA1-PA3 I/O 
РАЗ (29 [I Bua 
PIN38 | SIGNAL 
РА2(3) — | 
РІМ 37 


РАЗ (3) 
РІМ 36 


RCVR S/R MODE = 0 _ RCVR S/R MODE - 0 
(4) (9) (4) 


SIGNAL 


SERIAL I/O SHIFT REGISTER CLOCK 


SCCR7 = 1 RCVR S/R MODE = 1 
SCCRS = 1 


| SIGNAL 
NAME TYPE 
XMTR CLOCK OUTPUT RCVR CLOCK ке (1) 


| РАБО | 


SIGNAL ^ — 
| МРОТ ( 


COUNTER В I/O 


SIGNAL SIGNAL 


ieee aon 


SERIAL 10 | (2) POSITIVE EDGE DETECT 
XMTR OUTPUT (3) NEGATIVE EDGE DETECT 

- (4) RCVR S/R MODE = 1 WHEN 
SCCR7 = 1 50086 · SCCR5 · SCCR4 = 1 


; 6) For the following mode combi- 
C OK i nations PA4 is available as an 
а Жакен Input Only pin: . 
| OUTPUT | ЗССА75ССА6"$ССА5*МСН1 
E + SCCRZSCCRe-SCCRAMCRI 


T SCCR7-SCCRE-SCCR5 
+ SCCR7SCCR5SCCR4 


SIGNAL 


РАб I/O 


_ SIGNAL 


SERIAL I/O 
RCVR INPUT 


РА? VO 


| SIGNAL | SIGNAL 
МАМЕ ТҮРЕ МАМЕ | Р} 
Is яуа — | РОТ бі 
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4.4 РОВТ в PB) 


Port B can be programmed as an 8-bit, bitindependent Те | | 
port. It has а latched. input capability. which may be enabled. . 


or disabled via the Mode Control Register (MCR). Table 
4-3 tabulates the control and usage of Port В. An Input Data 
Strobe signal must be provided thru PAO when Port B i is pro- 
grammed to be used with latched input option. Input data 
latch timing for Port B is shown in Appendix Е.З. | 


Table 4-3. Port B Control & Usage | 


а MODE 


.TYPE. = 
BRUM Lo мы ок 


() RESISTIVE PULL-UP, ACTIVE BUFFER PULL DOWN. 


(2) INPUT DATA IS STORED IN PORT B LATCH BY PAO PULSE - | 


rm 


ы BITS PORT D 


A13 (PCE) - 
E A14 inen. 


265110 OR R6500/13 


UP TO 64K-244 
OF EXTERNAL 


ACTIVE FROM · 
0004-000F, 
& 0100-FFFF 


ES puse | 


ADDRESS BUS | 
ETT 


Figure 4-1a. Full Address Mode — 


SIGNAL SIGNAL. 


ИО OR MEMORY : 


"VECTORS АТ.) - 
Шым 42 
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| E 5 PORT С (РС) 


| Viet Port с сап Бе programmed as an VO port, or as 5 part of the 
ег full address bus. When operating in the Full Address Mode 


PC6 and PC7 serve as A13 and A1 4 with даа РС5 epering 


LIS as normal vo pins. 
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m 6 PORT D (PD) 


Port:D can be programmed as an Те Роп. Моде selectióri 


for Port D is made. by the Mode Control Register (MCR). The 


Port D output drivers can be selected as tri- state drivers by 
setting bit 5 of the MCR to 1 (one). Table 4-5 shows the. nec- 


. essary settings for the MCR to achieve the various modes 


for Port D. 


4. 7 BUS MODES | 


In the Full Address Mode, tiie separate address and data bus 


аге used in conjunction with PC6 and PC7, which automat- 


ically provide A13 and A14. The remaining ports perform the 


1 | normal Це а 


in те /О Виз Моде all ports serve as I/O. The address and 
i даа bus are still functional but without A13 and A14; Since 
` the internal RAM and registers are in the OOXX location, A15 


can be used for chip select and AD A12 used for selecting 


8K of external memory. 


Н85110 OR Н6500/13 


t^ UP TO 16K-244 
:. OF EXTERNAL 
НО OR. MEMORY 


| | [ACTIVE FROM 1 
0004-0002, 
- | 01001FFF 


С (VECTORS АТ 
9FFA-9FFF) 


^^ ADDRESS BUS 


Figure 4-1b. | Normal Bus Mode 
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Table 4-4, Port с Солго апа Usage 


FULL ADDRESS 


| ИО MODE 
МСА? = 0 | MCR7 = 0 
MCR6 = 0 MCR6 = 1 


TYPE “МАМЕ . TYPE 
| (1) 
БЕРЕКЕТ ТЕЛА HENCE hast A н ды ые 

VO (1) ! 

ЏО (1) 

ЏО (1) 

ЏО (1) 

UO (1) 

VO (1) 

OUTPUT (2) 

OUTPUT (2) 


NOTES: | 
1. Resistive Pull-Up, Active Buffer Pull-Down 
2. Active Buffer Pull-Up and Pull-Down 


Table 4-5. Port D Control and Usage 


ИО MODES 


TYPE TYPE 
EE LN ЖЕ. АЭ 


| лит | 
OUTPUT | 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


NOTES: 
1. Tri-State Buffer is in High Impedance Mode 
2. Tri-State Buffer is in Active Mode | 


3-87 


86501 


One-Chip Microprocessor 


| A— SECTION 5 | Е 
SERIAL INPUT/OUTPUT CHANNEL 


The device provides a full duplex Serial 1/О channel with pro- 


grammable bit rates and operating modes. The serial ИО 
functions are controlled by the Serial Communication Control 
Register (SCCR). The SCCR bit assignment is shown in 
Figure 5-1. The serial bit rate is determined by Counter A for 
all modes except the Receiver Shift Register (RCVR S/R) 
mode for which an external shift clock must be provided. The 


^. maximum data rate using the internal clock is 62.5K bits per 


second (at 92 = 1 MHZ). The transmitter (XMTR) and receiver 


_. (RCVR) can be independently programmed to operate in- 
~ different modes and can be independently enabled or | 


disabled. 


TII 


0~Odd Parity 
1~Even Parity | 
0 Рагну Disable 

1 Parity Enable 
0—8 Bits/Char 

1—7 Bits/Char . 

0--6 Bits/Char 

1~ 5 Bits/Char 

0 XMTR & RCVR ASYN Mode 

1 XMTR ASYN, RCVR S/R 

X ХМТА S/R, RCVR ASYN 

0 RCVR Disable 

1 RCVR Enable 

0 XMTR Disable 

1 XMTR Enable 


Figure 5-1. Serial Communication Control Register 


Except for the Receiver Shift Register Mode (RCVR S/R), all _ 
XMTR and RCVR bit rates will occur at one sixteenth of the . 


Counter A interval timer rate. Counter A is forced into an 
interval timer mode whenever the serial I/O is enabled in а 
mode requiring an internal clock. 


Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial I/O Port. Refer to Counter A (paragraph 
6.1) for a table of hexadecimal values to represent the desired 
data rate. 


5.1 TRANSMITTER OPERATION (XTMR) 


The XTMR operation and the transmitter related control/ 


status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown in Figure 5-2. When parity is 
disabled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 
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ASYNCHRONOUS MODE WITHOUT PARITY 


m | 8-BIT DATA | автор 
T | автор | stop 
START]: 
Em ЕА &BITDATA . 2 STOP - 


. TBIT.DATA 


5-ВІТ ОАТА 


ASYNCHRONOUS MODE WITH PARITY 


START ‚В DATA. PARITY ЕЗ 
zi 7-BIT DATA ES 2 STOP 

1 | 2 EE 
5.ВІТ DATA 2570 | 
START " PARITY 


SHIFT REGISTER MODE 8-BIT DATA 


м-т | | WORD M | | | WORD M + 1 


SHIFT REGISTER CLOCK (PA4) 


eer el вази низина ш 


Figure 5-2. SIO Data Modes. 


In the S/R mode, eight data bits are always shifted out. Bits/ 
character and parity control bits are ignored. The serial data 
is shifted out via the SO output (РАб) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. 


The XMTR Interrupt Flag bit (IFR7) is controlled by Serial . 
Communication Status Register bits SCSR5, SCSR6 and 
SCSR7. 


IFR7 = SCSR6 (SCSR5 + SCSR7) 


5.2 RECEIVER OPERATION (RCVR) 


The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1." In the ASYN mode, 
data format must have a start bit, the appropriate number of 
data bits, a parity bit (if enabled), and one stop bit. Refer to 
paragraph 5.1 for a diagram of bit allocations. The receiver 
bit period is divided into 8 sub-intervals for internal synchro- 
nization. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
of each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-half the bit time after a 
low. level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits. Any of the 
above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1. 


input Набор a ern ы ү 


Start Bit LSB Stop Bit ет. ви 


"Зепа! Input Data Shifted In 
-Figure 5-3. ASYN Receive Data Timing 


In the S/R mode, an external shift clock must be provided at _ 


CA (РА4) pin along with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. | 


Serial 
Input еек 
External Data In | 


ән ВАЛЬ, ғаларға 


Clock 


Serial 
Output = SS НЕ Ба 


Data Ош 
Shift 


ва VT V S VT Uri 


* Serial Input Data Shifted In 
** Serial Output Data Makes Transition 


Figure 5-4. S/R Mode Timing 


A RCVR interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 


5.3 SERIAL COMMUNICATION STATUS 
REGISTER (5858) | 


The Serial Communication Status. Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 


SCSR 0: Receiver Data Register Full —Setto a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cleared by reading the Receiver Data Register, or 
by RES and is disabled if SCCR 6 = 0. The SCSR 
О bit will not be set to a logic 1 if the received data 
contains an error condition; instead, a. corre- 
sponding error bit will be set to a logic 1. 


SCSR 1: Over-Run Error —Set to a logic 1 when a new char- 
acter is transferred from the Receiver Shift Reg- 
ister with the last character still in the Receiver 
Data Register. This bit is cleared by reading the 
Receiver Data Register or by RES. 


SCSR 2: Рату Error— Set to logic 1 when the RCVR is in 


the ASYN Mode, Parity Enable bit is set, and the _ 
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received data has a parity error. This bit is cleared 
by reading the Receiver Data Register or by RES. 
SCSR 3: Framing Error—Set to a logic 1 when the received 
| data contains a zero bit after the last data or parity 
bit in the stop bit slot. Cleared by reading the 
Receiver Data Register or by RES (ASYN Mode 
only). 
SCSR 4: Wake-Up— Set to à logic 1 by writing a "1" in bit 
4 of address: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string. of ten 
consecutive 1's. When the Wake-Up bit is set 
SCSRO through SCSRS are inhibited.. 


SCSR 5: End of Transmission —Set to a logic 1 by writing 
. at" in bit position 5 of address: 0016. The End 
of Transmission bit is cleared by RES or upon 
writing а new data word into the Transmitter Data · 
Register. When the End-of-Transmission bit is true - 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 


SCSR 6: Transmitter Data Register Empty —Set to a logic 
. when the contents of the Transmitter Data Reg- | 
_ister are transferred to the Transmitter Shift Reg- . 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a _ 
logic 1 by RES. 
SCSR 7: Transmitter Under-Run—Set to a logic 1 when the 
. last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
- mitter Data Register Empty Bit is set. Cleared by 
a transfer of new data into the тапете Shift 
` Register or by RES. 


1. RCVR рма 
Ред Full 
RCVR Over- -Run 


Parity Error _ 
Frame Error < ' 
Wake-Up | 

End of Transmission 

XMTR Data Reg Empty 


XMTR Under-Run 
Figure 5-5. SCSR Bit Allocations 


5.4 WAKE-UP FEATURE 


In a multi-distributed microprocessor or microcomputer appli- 
ations, a destination address is usually included at the begin- 
ning of the message. The Wake-Up Feature allows non-selected 
CPU's to ignore the remainder of the message until the begin- 
ning of the next message by setting the Wake-Up bit. As long 
as the Wake-Up flag is true, the Receiver Data Register Full Flag 
remains false. The Wake-Up bit is automatically cleared when 
the receiver detects a string of eleven consecutive 1's which indi- 
cates an idle transmit line. When the next byte is received, the 
Receiver Data Register Full Flag signals the CPU to р 
and read the received data. 
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Тһе. деуісе contains two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the 
_ counters. Counter A has опе 16- bit latch and Counter B has 
two 16-bit latches. Each counter can be independently pro- 
grammed to operate in one of four modes: | 


Counter A Counter B | 
a | е Риве width. . . е. Retriggerable Interval: Counter Е 
л measurement _ ө Asymmetrical Pulse- | 
e Pulse Generation — Generation | 
e Interval Timer e Interval Timer | 


Г. Event Counter · ES ® Event Counter 


Operating modes: of Counter A and Counter B are , controlled | 


Бу the Mode Control Register. All counting begins at the 
| initialization value and десгетепіз. When modes are selected 


| 4 requiring a. counter ‘input/output | line, PA4 is automatically 


Е" selected for Counter A and PAS is automatically selected for 
E Counter B (996 Table 4 2 | 


61 ‘COUNTER A 


| Counter A consists:of a 16-bit — and a. 16-bit latch — 


oe as follows: Lower Counter A (LCA), Upper Counter 

А (ОСА), Lower Latch А (Ш.А), and Upper Latch A (ULA). 
The counter contains the count of either 02 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001A or location 0018 for the Lower Counter A: 
A read at location 0018 also clears the Counter A Underflow 
Рад (IFR4). 


The 16-bit latch contains the counter initialization value and 
can be loaded at any time by executing a write to the Upper 
Latch А at location 0019 and the Lower Latch A а location 


0018. In either case, the contents of the accumulator are 


| copied into the аррисате latch. register. 


_ Counter A сап be started at any time by writing to address: 
001A. The contents of the accumulator will be copied into the 


Mai LI LI TIL 


COUNTER UNDERPLOW 


/' COUNTER ^ 


COUNTER INTERRUPT ENABLED - 


'. SET ANY TIME BEFORE 


. COUNTER UNDERFLOW FLAG COUNTER UNDERFLOW [7 | | тетш 


Interval Timer Timing Diagram 


Figure 6-1. 


|J SECTION 6. 
COUNTER/TIMERS - 
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Upper Latch A before the. contents of the 16- bit latch аге 
transferred to Counter A. Counter A із set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch — 
value—not FFFF—and the Counter: A Underflow Flag (IFR 


_ 4) will be set to "1". This bit may be cleared by reading the 
_. Lower, Counter А at location 0018, „Бу ма to address ios 
| cation 001A, or by RES. | 7 | 


Counter A operates in any АНЫҒЫ "These Бо аге 
selected by the Counter А Mode Control bits in the Conirol | 
podes 


МС __ pese 


(bit) ^ (bito) Mode - 
бе 02-7 Interval Timer 
:0 1 · Pulse Generation 
1 0 -— Event Counter . 
1 1 


. Pulse Width Measurement 


. The Interval Timer, Pulse Generation, and Pulse Width Mea- 
'.. surement Modes аге 02 clock counter modes. The Event 


Counter Mode counts the occurrences of an external event 


| on the CNTR line. 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. | 


6.1.1 Interval Timer 


In the Interval Timer mode the: Counter is initialized to the 
Latch value by either of two conditions: 


1. When the Counter is. decremented from 0000, the next 
Counter value is the Latch value (not FFFP). 


2. When а write — is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001A, 
the Counter is loaded with (һө Latch value. Note that 

. the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 


The Counter маіџе ів decremented by опе count at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 
counts. The Counter Timer capacity is therefore 14s to 65.535 
ms at the 1 MHz #2 clock rate or 0.5 us to 32.767 ms at the 


. 2 MHz 02 clock rate. Time intervals greater than the max- 


imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter IRQ interrupt routine. 


When Counter A decrements from 0000, the Counter A 
Underflow (IFR4) is set to logic 1. If the Counter A Interrupt 
Enable Ви (IER4) is also set, an ВО interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register can be examined in the IRQ interrupt routine to 
determine that the IRQ was generated by the Counter A 
Underflow. 


| 865018. 


While the timer is Operating in the Interval Timer Mode, PA4 
operates as a PA vo bit. 


A timing diagram of the Interval Timer Mode is shown in | 


Figure 6-1. 


6.1.2 Pulse: Generation Mode 


In the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from low to high or from 
high to low. whenever a Counter A Underflow occurs ог a 
write is performed to address 001A. 


The normal output waveform is a symmetrical square-wave. - 


The CA output is initialized high when ы. the mode and 
transitions low when writing to аА. 


Asymmetric waveforms сап be —' if the value of the 
latch is changed after each counter underflow. 


A one-shot waveform can be generated by changing from 
Pulse Generation to. Interval Timer mode after only one 
occurrence of the output toggle condition. 


6.1.3 Event Counter Mode 


In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum гаје at which this edge can be 
detected is one-half the 02 clock rate. 


The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 


Figure € 6.2 1$ а timing шайга of the Event Counter Mode. | 


COUNT N 


N-1 N-2 


Figure 6-2. Event Counter Mode | 


6.1.4 Pulse Width Measurement Mode 
This mode allows the accurate measurement of a low pulse 


duration on the CA line. The Counter decrements бу one | 


count at the 2 clock rate as long as the СА line is held in 
the low state. The Counter i is stopped when CA is in the high 
state. 
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The Counter. A underflow flag will be set only when the count. 
in the timer reaches zero. Upon reaching Zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high. ‘level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the State of PA4. 


A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3. 


з "m | 
+ ты i 


CNTR VEI „зз а | 


COUNT 


ЭИ; | N-t | N-2 N-3 


Figure 6-3. Pulse Width Measurement 


6.1.5 Serial І/О Data Rate. Generation 


Counter A also provides clock timing for the Serial VO which 
establishes the data rate for the Serial /О port. When the | 
Serial I/O is enabled, Counter А is forced to operate at the - 

internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter 1/О (РА4) may also be required to - 
support the Serial /О (see Table 4-2). 


Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a 02 clock rate of 1 MHz 
and 2 MHz; Although Table 6-1 identifies only the more 
common data rates, any data rate from 1 to 62.5К ROS can 
be selected by using the formula: | 


02 
= — -1 
x 16 x Брз ` 
where 
М = decimal value to be loaded into Counter A using 


its hexadecimal equivalent. 
the clock frequency (1 MHz or 2 MHz) 
the desired data rate. 


с 
oO 
шо 
ШОЙ 


NOTE · 


In Table 6-1 you will notice that the standard data rate 
and the actual data rate тау be slightly different. 


Transmitter and receiver errors of 1.596 or less are 
acceptable. A revised clock rate is included in Table. 
6-1 for those baud rates which fall outside this limit. 
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Тарје 6-1. . Counter A Values for Baud Rate Selection с 
| CLOCK RATE | 


MT NEEDED 
ACTUAL TO GET . 


„| HEXADECIMAL BAUD | | STANDARD | 
| | RATEAT | BAUDRATE| — 


1MHz 2 МН2 


600.96 
1201.92 
| 2403.85 
3676.47 36 
` 4807.69 4807.69 
|. 6944.44. 7352.94 | 1. 
8928.57 9615.38 |1. 


6.2 COUNTER B 


Counter B consists of a 16-bit counter and two 16-bit laiches 
organized as follows: Lower Counter B (LCB), Upper Counter 


B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower . 
Latch C (LLC), and Upper Latch С (ULC). Latch C is used. 
опју in the asymmetrical pulse generation mode. The counter. | 
contains the count of either 02 clock pulses or external - 
events depending on the counter mode selected. The con- | 
tents of Counter B may be read any time by executing a Read. 

at location 001D for the Upper Counter B and at location 
001E or 001C for the Lower Counter B. A Read at location 


001C also clears the Counter B Underflow Flag. 


Latch B contains the counter initialization value and can be 
loaded at any time by executing a Write to the Upper Latch 


B at location 0010 and the Lower Latch В at location 001С. 
In each case, the contents of the accumulator are copied into a 


. the applicable latch register. 


Counter B can be initialized at any time by writing to address: 
001E. The contents of the accumulator is copied into the 


Upper Latch B before the value in the 16-bit Latch B is trans- . 


ferred to Counter B. Counter B will also be set to the latch 


value and the Counter B Underflow Flag bit (IFR5) will be set . 


to a "1" whenever Counter B писне бу а 
from 0000. 


IFR 5 тау be cleared by reading the Lower Counter B at 
location 001C, by writing to address location 001E, or Py 
RES. | 


Counter B operates in the same manner as Counter Ain the 


| Interval Timer and Event. Counter modes. The Pulse Width 


Measurement Mode is replaced by the Retriggerable Interval | 


Timer mode and the Pulse Generation mode is replaced by 


the Asymmetrical Pulse Generation Mode. Mode Control 


Register bits MCR2 and MCRS select the four Counter B 
modes in a similar manner and coding as MCRO and MCR1 
select the modes of Counter A. 


Flag 


"Опе-Стр Microprocessor 
6.2.1 Rétiggerable Interval Timer Mode | 


‘When operating in the Retriggerable Interval Timer mode, | 

Counter В is initialized to the latch value by writing to address = 
001E, by a Counter В underflow, or whenever а positive edge _ 
occurs on the CB pin (РА5). The Counter В. interrupt flag will — 
be set if the counter underflows before a positive edge occurs’ ` 
on the CB line. Figure 6-4 illustrates the operation. 


Counter _ Bp TA 
77 Reset by Software 


Counter B 
Figure 6-4. Counter В Retiggerabie h Interval Timer Mode 5 


6.2.2 ‘Asymmetrical Р Pulse Generation Mode 


Counter В has a ‘special Asymmetrical Pulse" Generation - я 
Mode whereby a pulse train with programmable pulse мат. 
“апа period can be generated Without the ргосеввог interven- 2% 
tion once the latch values are initialized. | Il 


|n this. mode, the 16- bit Latch B is initialized: with a value E 
which. corresponds to the duration between pulses (referred: 
to as D iri the following descriptions). Тһе 16-bit Latch C is: 
initialized with a value corresponding to the desired pulse 
width (referred to as Р in the following descriptions). The 
initialization sequence for Latch B and C and the starting of 

a counting sequence are as follows: 


1. The lower 8 bits of P are loaded into LLB by writing: to 
address 001C; the upper 8 bits of P are loaded into 
ULB and the full 16 bits are transferred to Latch C by 
writing to address location 001D. At this point both 
Latch B and Latch C contain the value ofP. — 


2. The lower 8 bits of D are » loaded into LLB by writing to 
address 001C; the upper 8 bits of D are loaded into 
ULB by writing to address location 001E. Writing to 
address location 001E also causes the contents of the 
16-bit Latch B to be downloaded into the Counter В. 
and the CB output to 9o ON as Snown in Figure 6-5. 


3. When Counter B underflow. occurs the contents of the 
Latch C are loaded into the Counter B and the CB out- 
put toggles to a high level, staying high until another - 
-underflow occurs. Latch B is then down-loaded and the 
_ CB output toggles to a low level repeating the whole 
process. 
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SECTION 7 
POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER ON TIMING 


After application of Усс and Vra power to the device, RES 
must be held low for at least eight 02 clock cycles after Vec 
reaches operating range and the internal oscillator has sta- 
bilized. This stabilization time is dependent upon the input 
Voc Voltage and performance of the internal oscillator. The 
clock can be monitored at 02 (pin 3). Figure 7-1 illustrates 
the power turn-on waveforms. Clock stabilization time is typ- 
ically 20 ms. 


+5—-—----- а 
Мес 0 
Power On 1 | г 


XTLO - 
|+ Clock Stabilization Time — 


ЛЛЛЛЛЛАЛО 


вече 
8 02 Clocks Cycles Min 


Figure 7-1. Power Turn-On Timing Detail 


7.2 POWER-ON RESET 


When RES goes from low to high, the device sets the In- 
terrupt Mask Bit—bit 2 of the Processor Status Register— 
and initiates a reset vector fetch at address FFFC and FFFD 
to begin user program execution. АП of the I/O ports (PA, PB, 
PC, PD) will be forced to the high (logic 1) state. All bits of 
the Control Register will be cleared to logic O causing the 
interval Timers counter mode (mode 00) to be selected and 
all interrupt enabled bits to be reset. 


Pant D aes Р жн 


1&3. Counter B -««——- Latch B (D) 


2&4. Counter В -«——— Latch C (P) 


Figure 6-5. Counter B Pulse Generation 
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7.3 RESET (RES) CONDITIONING 


When RES is driven from low to high the device is put in a 
reset state causing the registers and /О ports to be config- 
ured as shown in Table 7-1. 


Table 7-1. RES Initialization of ИО Ports and Registers 


7 6 5 4 3 2 то 


REGISTERS 
Processor Status 


Mode Control (MCR) 00000000 
Int. Enable (IER) 00000000 
Int. Flag (IFR) 00 о о о о о 0 
Ser. Com. Control (SCCR) 00 0 0 о о о 0 
Ser. Com. Status (SCSR) 0 1000.0 о 0 
PORTS 
PA Latch 1 1 1 1 1 1 1 1 
PB Latch 1 1 1 1 1 1 1 1 
PC Latch і:1.1 1 1 1 1 1 
PD Latch 1 1 1 1 1 1 1 1 


All RAM and other CPU registers will initialize in a random, 
non-repeatable data pattern. 


7.4 INITIALIZATION 


Any initialization process for the device should include a 
RES, as indicated in the preceeding paragraphs. After sta- 
bilization of the internal clock (if a power оһ situation) ап 
initialization routine should be executed to perform (as а 
minimum) the following functions: | | 


. The Stack Pointer should be set 

. Clear or Set Decimal Mode 

. Set or Clear Carry Flag 

. Set up Mode Controls as required 
. Clear Interrupts 


nh OM ~ 


A typical initialization subroutine could be as follows: 


LDX Load stack pointer starting address into 
X Register | | 
TXS Transfer X Register value to Stack Pointer 
CLD Clear Decimal Mode _ 
SEC Set Carry Над 
PW Set-up Mode Control and 
special function registers 
bacs . and clear RAM as required 
CLI Clear Interrupts 
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ENHANCED R6502 INSTRUCTION SET 


This appendix contains a summary of the Enhanced R6502 
instruction set. For detailed information, consult the R6502 
Document 
29650 N30. The four instructions notated with a * are added 
instructions to enhance the standard 6502 instruction set. 


Microcomputer . System Programming Manual, 


_А.1 INSTRUCTION SET IN ALPHABETIC 


SEQUENCE | 
ADC Add Memory to Accumulator with Carry 
AND . "AND" Memory with Accumulator 
ASL Shift Left One Bit (Memory or Accumulator) 
*BBR Branch on Bit Reset Relative · 
*BBS Branch on Bit Set Relative 
BCC Branch on Carry Clear 
BCS Branch on Carry Set 
BEQ Branch on Result Zero | 
БІТ Test Bits in Memory with Accumulator ` 
ВМ: Branch on Result Minus  . 
BNE Branch on Result not Zero 
BPL Branch on Result Plus 
BRK Force Break | 
BVC „ Branch on Overflow Clear 
BVS Branch on Overflow Set 
CLC Clear Carry Flag 
CLD Clear Decimal Mode 
CLI Clear Interrupt Disable Bit 
CLV Clear Overflow Flag 
СМР Compare Memory and Accumulator 
CPX | Compare Memory and Index X 
CPY Compare Memory and Index Y 
DEC Decrement Memory by One 
DEX Decrement Index X by One 
DEY Decrement Index Y by One 
EOR  "Exclusive-Or" жетер with 
Accumulator 
INC Increment Memory by One 
- INX Increment Index X by Опе. 
INY increment Index Y by One 
АМР Jump to New Location 
JSR Jump to New Location Saving Return 


Address 
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Load Accumulator with Memory 
Load Index X with Memory 
Load Index Y with Memory 
Shift One Bit Right (Memory ог. 
Accumulator)  : 


_ No Operation 


"OR" Memory with Accumulator 


Push Accumulator on Stack 
Push Processor Status on Stack. 
Pull Accumulator from. Stack 
Pull Processor Status from Stack 


Reset Memory Bit 

Rotate One Bit Left (Memory or 
Accumulator) 

Rotate One Bit Right (Memory: or 
Accumulator) 

Return from Interrupt 

Return from Subroutine 


Subtract Memory from а with ~- 
Borrow 

Set Carry Flag 

Set Decimal Mode 

Set Interrupt Disable Status 

Set Memory Bit 

Store Accumulator in Memory 

Store Index X in Memory 

Store Index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register 
Transfer Index Y to Accumulator 


786% 


| мейт 7) о. 


] ЭТА 


| sty 
TAX 


2. Add-1 to N if branch occurs to same page Е: Ба о ae 224. id 5.25 ве ndex У | "NE RN | Subtract | 


4. It in decimal mode Z flag is. invalid | ы ИЕ Ч быс n € as AD и du Тойы Node MEM - M, = Memoryperstack pointer .. 


А.2 INSTRUCTION SET SUMMARY TABLE 


ENHANCED R6502 INSTRUCTION SET 


‚ CODES 


— Jenae sssocurezeno АВЕ AGGUN те ПЕ 
ммемомсј OPERATION ЕТ саз а re а: аса сааса аага асас сако Есали ЕНЕН 20 КЕШЕ 


ADC с JA-M-C-—A (41) 

AND · ЈА А) Es 

ASL E 

BBA[#(0-7)] [Branch ME (5)(2)- 

BBS (0-7) Branch on M, iis (5)(2) 
Branchon С=0 (2) 

"Branchon C-1 (0) 

Branch оп 2-1 (2). 


“INSTRUCTIONS 


оо 


z 
2 
2 
2 


2. 
(2) 
(2) 


Branch on V=0 (2) 
Branch on V-1 (2) 


ив а «а c? 4.. 
і 
«а C) s 2 а... 


e 9 aa э c$ 39 эз э э >» » 
Ох: 5 >» э + 


заб. вое 
"m 
"n. ав е ө 


ммм C NNNNNNNNNN* ee es ee ee e Nosse 


No Operation |. 
АУМА (1): 
A—Ms-.S-1—S . 
P-Ms S 1-5: 
S-1—S. Ms—A . 
|S«1—S М-Р 


» э « © а а а а. + + a o * % 
О 


= > ә > è а + 4 o © а + + 4 


. 
+ 
. 
. 
. 
. 
PES 
. 
. 
О 
* 
• 
. 


& 9 © э 4 © a э э о э > ә э 9.9 е е е аа е э а э * _ э 


Zee Ze ЕЕ Е.  222222z22zzz- 


+ « © э 6 э ока 
s € 209 «э Суз « 6 + «э э «э е е + + 


мее N 


. * . 


(Restored) 


ROL 

ROR 

RTI 

‘RTS 

‘SBC _ 
SEC ` 
“SED | 

SEI | 
SMB[4(0- 7] 


СЕТ. 


(Restored) | 


% . 


s. Zo 
въже 


. 
. 
е 
. 


«+ a > 


1 


1 
STX Я 
ТАҮ : 
т$х.. 
ТХА 
TXS 
TYA 


. Add 1 to МИ page boiindary is crossed ПИ jr aes sod E Dp A | а fA Boer LIE EN INL: = Index X — Nu Add Ug. 


zZZzZz 84 


b.a + Фа 9 э 9 э 8 P 
ооо 
. vas . җ э «т 44 +'• 7 
ste а 


=. 


пее капс К ОПЕЕ ss cu om one ME а а А veis j E а. | n A. = Accumulator 


. Carry not-= Borrow Memory per effective address - 


. Exclusive Ог. 
* Number of cycles _ 


ж2%<>1 


- accumulator must be checked on zero result... = | M : af QW у : 2 4 = Selecter zero page memory bit 
pues 8-bit data. field of the а zero раде: address. | n - y а, Ow, die p epu © ШЕ | = Memory! Ва? — 


[PROCESSOR STATUS | | 


"o: 2 9 ча О 


“ооо: 


= Number of Bytes | 


T 


1089001002014 diup-euo — 7 


А.З INSTRUCTION. CODE MATRIX | 
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—OPCode ^ (te 
—Addressing Mode | 


—Instruction Bytes; Machine Cycles 


| Implied |. 
631 3 
CLC 
Implied 
12 


м 


УБ. 


2 | Absolute} ( Implied 2 

| | AR | | 
| SEC. AND | ROL | 

3. | Implied АВ5, Х | АВ$, Х 3 
© 1-2 34137 | 


TOR a | BHA 


24 | Implied | (IND, X ШІН 
29 | 
_ | RTs | ОРА | 
6 | Implied | (1 > | Implied | 
7 
8 Implied 
1 2 
9 Implied 


12 
| TAY: 
| Implied 
12 
CLV 


IE 3 4 5" 
LDX | Bi 
| ABS, X | ABS, Y || 
34.834 


. B Implied | Implied 
| | 12 12 
| Y см „| 5мв4 | NY. |: DEC | BB 
С | | Implied ABS | ABS C 
| | | | | 12 3 3 6 E 
P MP || DE 35 | СЦ СМР | DEC | 8855 
О |Relative | | mapa ABS, X | ABS, Х | | D 
| 2. 2:25: E 34137 
UE * | | INX BC | NOP CPX | SBC | INC |. 
ЕС | (IND, X): | | Implied implied: · ABS ABS ABS . E 
| га В. | 3 1122 таа е 12 34134 |36 | 
MN SED | SBC | 
ОЁ Implied F 


*Add 1 to N if page boundary is crossed. | 
** Add 1 to N if branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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Come APPENDIX В. IR 
KEY REGISTER SUMMARY | 


T 0 


по EN жү Ре ELO 67 so р 534 о 
о ЕМЕНІ 
7 o> 0 | | | | | | 


7 : 0 


, | a. y ar 


-7 


салва PROCESSOR STATUS REG Р. 


CPU Registers 


1 — Zero Result 
20 Моп- Zero e. 


INTERRUPT DISABLE % Ф 


Т т TRG interrupt Disabled 
"ва Interrupt Enabled. 


DECIMAL MODE (0) Ф 


1 == = Decimal Моде 
0 = Віпагу Моде. | та | 


BREAK COMMAND (B) © 


1 = Break Command 
0 = Non Break Command 


OVERFLOW (0) - 


1 = Overfiow Set | 
0 = Overflow Clear 


| NEGATIVE (№) (1) 

1 NOTES 
Қ Not initialized Бу RES 
Set to Logic 1 by RES 


Processor Status Register 
0 — — 0 Interval! Timer 


0 —— 1 Pulse Generation у Г 
1 — 0 Event Counter ' | | IFR] 7 | "| о] 


‚ “1 = Negative Value. 


0 — Postive Value 


· MCR Addr 0014 ` 


ountér A 
Mode Select 


Counter В 
Mode Select 


Addr 0011 


: 1 Pulse Width Meas. 
'- 0 0 Interval Timer 
0----1 Asymmetric Pulse Generation 


Bus Mode Select 


1,——— 0 Event Counter : E ge 

1----! Retriggerable Interval Timer Tic IER ЕЗ ES ES Ва КУ Т БЕ Ze Addr 0012 ` 
Port B Latch Pg e 
(1—Enable) | РАС Positive 


- Port б Tri-State 
· (0—Tri-State High Impedance Mode) 
0 0 Full Address 
-0 1. Normal . 
о Not Used | 
Jede Not Used 


_ Mode Control Register 


wL CCC е 
"о~ода Рату 
1~Even Parity 

0 Parity Disable | 

x · 1 Parity Enable 

_ 0—8 Bits/Char |... 

1~7 Bits/Char 

0--6 Bits/Char 

17-5 Bits/Char 

0 —0 XMTR & RCVR. ASYN Mode 


0 — 1 ХМТА ASYN, .RCVR S/R 
1 —X XMTR S/R, RCVR ASYN 


"| O RCVR. Disable 
Ва RCVR Enable 
-0 XMTR Disable | 

1 XMTR Enable 


_ Serial Communications Control Register 


397 | 


Едде Detect 
РА! Positive 
Edge. Detect: 
PA2 Negative | 
- Edge Detect, 
РАЗ Negative | 
Edge Detect 
Counter A . 
, Undertiow Fiag 
.. Counter B 

| Underflow Flag 
RCVR ЈЕ 
Flag. 
XMTR 
Flag 


‚ Interrupt Enable and Flag | Registers. | 


RCVR Data 

| Reg Full · | 
‚ RCVR Over-Run. 
Рату Еггог 

Ғғате Еггог 

‘Wake-Up 

End of Transmission 


XMTR Data Reg Empty 


XMTR Under-Run 


Serial Communications Status Register | 
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ADDRESS : ASSIGNMENTS/MEMORY 
|  МАРЗ/РМ FUNCTIONS 


Сл VO AND INTERNAL REGISTER ADDRESSES 


ADDRESS i | 
(HE) - |. - С READ 
Ко | | — 7% 

1E | . Lower Counter B 
.1D | | Upper Counter В. 
АА ели Lower e B, CLR Flag 


Lower Cons A 


Upper Counter А . 


^. WRITE | 


Upper Latch В, Cntr B<Latch B, CLR Flag. 
Upper Latch B, Latch C-—Latch B 


Lower Latch B. 


Upper Latch A, Cntr A—Latch A, CLR Над | 


· Upper Latch А 


Lower Counter А, CLR Flag 


Lower Latch A 


_ One-Chip Microprocessor 


217 << Serial Receiver Data Register ^ > Serial Transmitter Data Register 
216 ^ Serial Comm. Status Register ^ ^ Serial Comm. Status Reg. Bits 4 & 5 only 
0815. | Serial Comm. Control Register ` Serial Comm. Control Register 
UM . Mode Control Register | Mode Control Register 
13 pue TR ao =e J 
12 | Interrupt Enable Register: . e _ Interrupt Enable Register : . . 
11 Interrupt Flag. Register . шы, ---- | 
0010 Read FF о Clear Int Над (Bits 0-3 only, Write 05 only) 
ОЕ | 
ОЕ 
00 
ос 
ов. RESERVED 
ОА. | | | 
09 These addresses аге reserved апа аге used by the CPU during Read апа Write 


operation over the external Data Bus (00-07). 
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| c2 FULL _ ADDRESS. MODE _ 
. MEMORY МАР. | 
 RésotQ di 


| IRQ VECTOR 
' . RES VECTOR 
’ NMI VECTOR __ 


` РЕРЕ 
, АВЕС 
FFFA 


“ USER PROGRAM ^ 
i / | INTERNAL 
: REGISTERS 
/ 
RESERVED . 


ЏО PORTS A, В, С, D. 


с. 4 MULTIPLE FUNCTION PIN ASSIGNMENTS | 


3 —PORT C AND PORT D 


РМ И FULL ADDRESS 8 VO PORT 
NUMBER | ^ MODE С FUNCTION 


- 396 


__Опе-Стр Microprocessor | 


реза ____ 


- D.C. Characteristics (Voc = 5V +5%; Van = Мос; Vas = 0; ТА = 0 to 70°C) 


| | ________Опе-Стр Microprocessor 

|| . APPENDIXD | — 

H ELECTRICAL SPECIFICATIONS 
Maximum Ratings Е | 


| RATING Е SYMBOL |. VALUE 


| Operating Temperature Range, Commercial 


Ic 
de 
99 ре 


NOTE: This device contains circuitry to protect the inputs against damage due to high static voltages; however, itis advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this circuit. 


| Storage Temperature Range 


CHARACTERISTIC 


|. Power Dissipation (Outputs High) 
"| _ Commercial @ 0°C 


| RAM Standby Voltage (Retention Mode) 


RAM Standby Current (Retention Mode) | 1 
| Commercial @ 25°С T 


| Input High Voltage (Except ХТИ) 
| Input High Voltage (XTLI) ^ 


Input Low Voltage — 


| input Leakage Current (RES, NMI) 


Vi, = 010 5.0 Мас 


Input Low Current РА, PB, PC, PD 
(Ма = 0.4 Мас) 


Output High Voltage (Except ХТЕО) 
(luas = .100 дАдс) 


Output Low Voltage 
(11а = 1.6 mAdc) 


| Input. Capacitance 


(Ма -0,Т, = 25°C, f = 1.0 МН?) 
о хт., XTLO Э 
All Others | 


-+| VO Port Pull-Up Resistance - 
-. РАО-РА7, РВО-РВ7, PCO-PC7 


Т Ошрш Leakage Current 


Tri-State I/O's while in 
High Impedance State 


. | Output Capacitance 


Tri-State I/O's while in 
High Impedance State | ЖЕ 
Ми = ОМ, ТА = 25°C, f = 1.0 MHz 


NOTE: Negative sign indicates outward current flow, positive indicates inward flow. | 


"(yat25C 5^5. 7c 
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APPENDIX Ev 
TIMING REQUIREMENTS AND CHARACTERISTICS. 


E1 GENERALNOTES vo E.2 CLOCK TIMING 
1. Мос = 5V +5%, oc < ТА < 70°C | | ава ја 
< | PARAMETER 
2. А valid. Voc - RES sequence is s required before proper 7 жи is 
Е operation is achieved. | | | Cycle Time 
XTLI Input Clock 
| Pulse Width | 


3. All. timing reference levels are 08V and 2. 0у, unless | 
| XTLO = VSS 


otherwise specified. 


4. All time units are ОВСА, unless otherwise specified. | | Тео | Output Clock Pulse 
ts _| Width at Minimum | 


5. All capacitive loading is 130pf maximum, except as noted ЖЕКЕ Ша 
below: 


PA, PB : -- бор! maximum ` 


| Tin, Tir | Input Clock Rise, 
РС (ИО Modes Only)  — Бор maximum. MNT 
РС (АВВ and Mux Моде) —  130pf maximum Даст г 

ЖЕ РС? ш Address Моде) —  130pf maximum . 


E xn 


| «кто - 22) И 


ga 


злот 
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| E. 3 VO, EDGE DETECT, COUNTERS, AND SERIAL хоз TIMING 


PARAMETER. 


Internal Write to Peripheral Data Valid 
PA, PB, PC TTL 

PA, PB, PC CMOS 

PD ` | 
Peripheral Data Setup Time 

PA, PB, PC 

| PD | 

| Peripheral Data Hold Time: 
PA, PB, РС | 


РАО-РАЗ Edge Detect Pulse Width 


| Counters А and В 


_ PA4, PAS Input Pulse Width 

| РАЗ, PAS Output Delay. 
Port В Latch Mode | 
PAO Strobe Pulse Width | 

PB Data Setup Time 

„РВ Data Hold Time | 

|Serial vo | E 
РА6 XMTR ТП. | 

РАб XMTR CMOS: 

РА4 RCVR S/R Clock Width: 


| PA4 XMTR Clock—S/R Mode (TTL). 
__РА4 XMTR Clock—S/R Mode (CMOS) 


NOTE 1: Maximum Load Capacitance: БОРЕ 
Passive Pull-Up Required 


E.3.1 ИО, Edge Detect, Counter, and Serial 1/0 Timing 


@2 


mt | | А 


РВО-РВ7. 
PCO-PC7 
Р00-Р07 


CNTR * 


TCPW 


~ TCD ` 


CNTR ' 
(PA4, РАБ) 


РАО-РА7 
РС0-РС? 
РВО-РВ7 


РВ 
(LATCH MODE) 


РАО 


<_ Тозо == - Тевцм --- 


Hn TPHR ин г. | 
Edge Detects | БЕ 
(РАО-РАЗ) Р ( > Е 


| 1.5У 1.5V 
РАЗ, PAS. { | 


ТСРУ 


‚ VDD—30*. 
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E.A MICROPROCESSOR TIMING (00-07, 
A0-A12, A15, SYNC, R/W) 


Ex -- 


"TRU R/W Setup Time 


Tips А0-А12, А15 Setup 
Time 


m 00-07 Data усет Тіте 
00-07 Read Hold Time 
DO-D7 Write Hold Time 3 


| Twos 00-07 Write Output 
Delay 


те ЗУМС Заир 
А0-А12, A15 Hold Time 
Tunw | R/W Hold Time | 


Tace External Memory Access 
Time Tace = Тсус--ТЕ-7 
Тлов-- Tosu 


SYNC Hold Time 


E.4.1 Microprocessor Timing 
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-— 
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Rockwell 


R6500/1 
R6500 Microcomputer System 


R6500/ 1 


ONE-CHIP MICROCOMPUTER 


SECTION 1 . 
INTRODUCTION 


The Rockwell R6500/1 microcomputer is a complete 8-bit 
computer fabricated on a single chip using an N-channel sil- 
icon gate MOS process. The R6500/1 complements an 


established and growing line of R6500 products and has а 


wide range of microcomputer applications. | 


The R6500/1 consists of an R6502 Central Processing Unit 
(CPU), 2048 bytes of Read Only Memory (ROM), 64 bytes of 
Random Access Memory (RAM) and interface circuitry for pe- 
ripheral devices. 


The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplic- 
ity, results in system cost-effectiveness and a wide range of 
computational power. These features make the R6500/1 а 
leading candidate for microcomputer applications. 


To facilitate system and program development for the 
R6500/1, Rockwell has developed an R6500/1E Emulator 
part. A description of the R6500/1E is contained in Appen- 
dix D. 


This product description is for the reader familiar with the 
R6502 CPU hardware and programming capabilities. A 
detailed description of the R6502 CPU hardware is included 
in the R6500 Microcomputer System Hardware Manual 
(Document Number 29650N31). A description of the instruc- 
tion capabilities of the R6502 CPU is contained in the 
R6500 Microcomputer System Programming Manual (Docu- 
ment Number 29650М30). 


гееегеееее 


FEATURES | 


Single-chip microcomputer 

R6502 software compatible 

Eight-bit parallel processing 

Decimal or binary arithmetic 

Variable length stack 

True indexing capability 

Thirteen addressing modes 

1 or.2 MHz clock operation, with the following options: 
— External single clock input 

— RC time base input 

— Crystal time base input 

Single +5V power supply 

500 mw operating power 

Separate power pin for RAM with sandy power only 10% of 
operating power 

2K x 8 ROM on chip 

64 x 8 RAM on chip 

40-pin dual in-line package 

64-pin Emulator part available, with 40 signals identical to 
production part 

Pipeline architecture 

32 bidirectional TTL compatible I/O lines 

— 1 positive edge sensitive ИО line 

— 1 negative edge sensitive ИО line 

1 bidirectional TTL compatible counter ИО line 
16-bit timer/counter 

Four timer/counter modes 

— Internal timer 

— Pulse generator 

— Event counter 

— Pulse width measurement 

Three maskable interrupts 

— 1 counter overflow 

— 20 edge detect 

NMI and Reset interrupts 


ра о ал ааа CPU а Зала M — P __-__Н__________- ~ __-- ом о. см о ECC __.______________ олс А MU MM а оази м >“ о с C CENA 


Document No. 29650N48 


Product Description Order No. 212 
June 1979 


ЗЕСПОМ2 | 
R6500/1 INTERFACE REQUIREMENTS 
This section describes the interface requirements for the configuration and Table 2-1 describes the function of each 


R6500/1.single chip microcomputer. Figure 2-1 is the Inter- pin of the R6500/1. 
face Deum for the R6500/1. isis 2-2 shows the pin out | | 


TUM EIN 
pene ES 


| p d RRUPT| | | 
vcc 8^7» РВО-РВ7 
vss | 
| УВВ 8—> PCO-PC7 


“87> РО0-Р07 


> CNTR 


Figure 2-1. R6500/1 Interface Diagram Не © Figure 22. R6500/1 Pin Out Designation | 
Table 241. Ré50071 Pin Description 


Signal Name T Ж | Я Description 


Мат ромег supply +5V | 


Separate power pin for RAM. Іт the event that vec power is lost, this power retains | 
RAM data. Ó | 


Signal and power ground (0V) 

Crystal, clock or RC network input for internal clock oscillator. 

Crystal or вс network output from. internal clock oscillator. Т 
The Reset input is used to. initialize the R6500/1. The signal must not transition from. low | 


to high for at least eight cycles after VCC reaches operating range and the internal oscil-, 
lator has stabilized (see section 5). 


+ 10V input enables the test mode. 


NMI | Pub | A. negative going edge on the Non- Maskable interrupt: signal requests that а пот. | 
| | maskable interrupt be generated within the CPU: гы 


‚ PAO-PA7 T - | Four 8-bit ports used for either input/output. Each line consists of an active transistor о. 
РВО-РВ7 | - VSS and an optional passive. pull-up to УСС. The two lower bits of the PA Фоп E 
PCO-PC7 . | " 20- (PAO-PA1) also serve as RUE detect inputs with maskable interrupts. 

PDO-PD7 : | | 


CNTR | | This line is изед as a Counter input/output line. CNTR is ап input in the Event Counter 
D and Pulse Width Measurement modes and is an output in the Interval Timer and Pulse 
Generator modes. It. consists of an active transistor to VSS and an optional passive 

pull-up to МСС. | | пар Ра | E v | 
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SECTIONS = 
.SYSTEM ARCHITECTURE 


This section provides a functional description of the R6500/1. 
* n block шагал of the R6500/1 is ic in Figure 3-1. 


3. 1 INDEX REGISTERS - 


program counter апа thus obtain а new address — the sum 


с Е : There are two 8-bit index registers, X and Y. Each index | 
г register сап be used as a base to modify the address data 


| ‚ of the program counter contents, and the and the index rog: 


Ж ister contents. 


ыза. When executing: ап instruction which. specifies indirect 
= addressing, the CPU fetches the op code and the address, 
Н апа modifies the address Кот memory by adding. the index 
4 register to it prior to loading or ОО the value of memory 


E Indexing greatly ‘simplifies many types. of programs, espe- 
. cially those using data tables. | 


.$.2 STACK POINTER _ 


Тһе Stack Pointer в an 8-bit register. It is automatically 
incremented . апа decremented under contro! of the micro- 
н processor to perform Stack manipulation in response to 


мо 
ADDRESS | 
__РЕСОРЕ 


PROGRAM. 
COUNTER > 
HIGH (РСН): 


PROGRAM 
_ COUNTER 
'. LOW {PCL} 


ROM 
2048 X 8 


ЕС 


РВО-РВ7 


PDO-PD7 PCO-PC7 


РАО-РА? 


Vo Ше) МО: EDGE - 
PORTC: РОВТВ: PORT А 


either user instructions ог the interrupt lines NMI. and во 
The Stack Pointer must be initialized: by the user program. 


The stack allows simple implementation of multiple level | 
interrupts, subroutiné nesting and simplification of many | 
types of data manipulation. The JSR, BRK, RTI and RTS 
instructions use the stack and Stack Pointer. | 


The stack can be snisóned as а | deck of cards which may 
only be accessed from the top. The address of a memory 


· location is stored (or "pushed") onto the stack. Each time 


data are to be pushed onto the stack, the Stack Pointer із, 
placed on the Address Bus, data are written into the mem- 
ory location addressed by the: ‘Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack. Pointer is incremented 


. by 1. The Stack Pointer is then placed on the Address Bus, 
© and data are read from ne memory. location addressed by 
- the Ване | | 


3.3 ARITHMETIC AND LOGIC UNIT (ALU) 


T 


R 


" COUNTER LATCH INTERRUPT 
(16) (16) Locic * 


All arithmetic and logic ne take place in the ALU, 
including incrementing and decrementing internal registers 


` ARITHMETIC 
> & LOGIC 
UNIT (ALU) 


INDEX 
са 


INDEX 
а ы 


ONTROL 
EGISTER 


PROCESSOR 
STATUS 
(P) 


INSTRUCTION. Ж - INSTRUCTION | 
DECODE REGISTER 


| TIMING CLOCK 
CONTROL OSCILLATOR]: 


_ Figure 3-1. R6500/1 Block Diagram 
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(except the Program Counter).. The ALU cannot store data 
for more than one cycle. If. data are placed on the inputs to 


. Че. АШ at the beginning of a cycle, the result is always: 


gated into one of the storage registers or to external mem- 
ory during the next cycle. 


Each bit of the ALU has two inputs. These inputs can be 
tied to various internal buses or to a logic zero; the ALU 


then generates the function (AND, OR, SUM, and so on) | 


using the data on the two inputs. 


3.4 ACCUMULATOR 


The accumulator is a general purpose 8-bit register: that 
stores the results of most arithmetic and logic operations. In 
addition, the accumulator usually contains one of the two 
data words used in these operations. 


3.5 PROGRAM COUNTER 


The 12-bit Program Counter provides the addresses that 
are used to step the processor through sequential instruc- 
tions in a program. Each time the processor fetches an 
instruction from program memory, the lower (least signifi- 
cant) byte of the Program Counter (PCL) is placed on the 
low-order bits of the Address Bus and the higher (most sig- 
nificant) byte of the Program Counter (PCH) is placed on 
the high-order 4 bits of the Address Bus. The Counter is 
incremented each time an instruction or data is fetched 
from program memory. 


3.6 INSTRUCTION REGISTER AND 
INSTRUCTION DECODE 


Instructions are fetched from ROM or.RAM and gated onto the 
Internal Data Bus. These instructions are latched into the Instruc- 
tion Register then decoded along with timing and interrupt signals 
to generate control signals for the various registers. 


3.7 TIMING CONTROLS 


The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
. beginning of each Phase One clock pulse for as many 
cycles as are required to complete the instruction. Each 
data transfer which takes place between the registers is 
caused by decoding the contents of both the instruction reg- 
ister and timing control unit. 


3.8 INTERRUPT LOGIC 


Interrupt logic controls t the sequencing of three interrupts; 
RES, NMI and IRQ. IRQ is generated by any one of three 
conditions: Counter Overflow, PAO Positive Edge Detected, 
and PA1 Negative Edge Detected. 
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3.9 CLOCK OSCILLATOR 


The Clock Oscillator provides the basic timing signals used 
by the R6500/1 CPU. The reference frequency is provided 
by an external source, and can be from a crystal, clock or 
RC network input. The RC network mode is a mask option. 
The external frequency can vary from 200 kHz to 4 MHz. 
The internal Phase 2 (02) frequency is one-half the external 
reference frequency. Figure 3-2 shows typical connections. 


XTLI 
R6500/1 


XTLO 


а. Crystal Input 


vcc 


XTLI 
R6500/1 


ме [^] XTLO 
b. Clock Input 
В=4.7КЯ (NOMINAL) 


(2MHz EXCITATION R6500/1 
FREQUENCY) 


с. RC Network Input (Mask Option) 


NOTE (1) CISPROVIDED INTERNALLY BY THE R6500/1. 
(2) THE RC OPTION IS AVAILABLE ONLY ON THE - 
1 MHz R6500/1. 


Figure 3-2. Clock Oscillator Input Options 


3.10 PROCESSOR STATUS REGISTER 


The 8-bit Processor Status Register, shown in Figure 3-3, 
contains seven status flags. Some of these flags are con- 
trolled by the user program; others may be controlled both 


Бу the user's program and the CPU. The R6500 instruction 


R6500/1 


set contains a number of conditional branch instructions 


which are designed to allow testing of these flags. Each of 


the eight processor | status flags is described in the following 
sections. 


3.10.1 CARRY BIT (C) 


The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 Ка сапу. from the 


eighth bit has occurred or cleared to logic O if no сапу 


occurred as the result of arithmetic operations. 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) 
. instruction, respectively. Other operations which affect the 
Carry Bit are ADC, ASL, CMP, CPX, СРҮ, LSR, PLP, ROL, 
ROR, RTI, and SBC. 


3.10.2 ZERO BIT (Z) 


The Zero Bit (Z) is set to logic 1 by the CPU during any 
data movement or calculation which sets all 8 bits of the 
result to zero. This bit is cleared to logic 0 when the result- 
ant 8 bits of a data movement or calculation operation are 
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not all zero. The R6500 instruction set contains no instruc- 
tion. to specifically set or clear the Zero Bit. The Zero Bit is, 
however, affected by the following instructions: ADC, АМО; 
ASL, ВІТ, CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, 
INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TXA, TSX, and" TYA. 


3.10.3 INTERRUPT DISABLE BIT (0. 


Тһе Interrupt Disable Bit "n is used to control the servicing 
of an interrupt request (КО). If the | Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1, 
the IRQ signal will be ignored. The CPU will set the Inter- 
rupt Disable Bit to logic 1 if a RESET (RES) or Non- 
Maskable Ша (NMI) signal is detected. 


The | bit is cleared by the Clear inier (CLI) instruction, 
the Pull Processor Status from Stack (PLP) instruction, ог. 
as the result of executing a Return from Interrupt (АТ!) 
instruction (providing the Interrupt Disable Bit was cleared 
prior to the interrupt). The Interrupt Disable Bit may be set 
or cleared under program control using a Set Interrupt Disa- 
ble (SEI) or a Clear Interrupt Disable (CLI) Instruction, 
respectively. 


BU б. © а Be ЖЕ a 0. 


CARRY (С) (1) 

1 = Carry Set - 

0 = Carry Clear 
ZERO (2) (1) 

1 = Zero Result 

0 = Non-Zero Result - 


INTERRUPT DISABLE (1) (2) 


(ВО Interrupt Disabled 
IRQ Interrupt Enabled 


1 
BEEN 
DECIMAL MODE (D) (1) 


‘NOTES 
(1) Not initialized by RE 


(2) Set to Logic 1 by RES 


1 = Decimal Mode 
0 = Binary Mode 
BREAK COMMAND (В) (1) 


1 
0 


Break Command 
Not Break Command 


OVERFLOW (О) (1) 


1 
0 


Overtlow Set 
Overflow Clear 


NEGATIVE (N) (1) 


Negative Value 
Positive Value _ 


1 
0 


BM 


Figure 3-3. Processor Status Register 
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3.10.4 DECIMAL MODE BIT (D) 


The Decimal Mode Bit (D), is used to control the arithmetic 


mode of the CPU. When this bit is set to logic 1, the adder 
operates as a decimal adder. When this bit is cleared to 


logic 0, the adder operates as a straight binary adder. The 


adder mode is controlled only by the programmer. The Set 
Decimal Mode (SED) instruction will set the D bit; the Clear 
Decimal Mode (CLD) instruction will clear it. The PLP and 
АТ! instructions also effect the Decima! Mode Bit. 


TE ы ] 


The Decimal Mode Bit will either set or clear in an 
unpredictable manner upon power application to 
R6500/1. This bit must be initialized to the desired 
state by the user program or erroneous results may 
оссиг. 


3.10.5 ВАЕАК ВП (В) 


Тһе Вгеак Bit it (B) is used to determine the condition which 
caused the IRQ service routine to be entered. If the IRQ 
service routine was entered because the CPU executed a 
BRK command, the Break Bit will be set to logic 1. И the 
IRQ routine was entered as the result of an IRQ signal 
being generated, the B bit will be cleared to logic 0. There 


are no instructions which can set or clear this bit. 
3.10.6 OVERFLOW BIT (V) 


The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 = n < 
127). This indicator only has meaning when signed. arithme- 
tic. (sign and seven magnitude bits) is performed. When the 
ADC or SBC instruction is performed, the Overflow Bit is 
set to logic 1 if the polarity of the sign bit (bit 7) is 
changed because the result exceeds +127 or -128; other- 
wise the bit is cleared to logic 0. The V bit may also be 
cleared by the programmer using a Clear Overflow (CLV) 
instruction. 


. The Overflow Bit may also be used with the BIT instruction: 


The BIT instruction which may be used to sample interface 


devices, allows the overflow flag to reflect the condition of 


bit 6 in the sampled field. Duriing a BIT instruction the- 


Overflow Bit is set equal to. the content of the bit 6. on the 


data tested with BIT instruction. When used in this mode, 
the overflow has nothing to do with signed arithmetic, but is 
just another sense' bit for the microprocessor. Instructions 
which affect the. V flag are ADC, BIT, CLV, PLP, RTI and 
SBC. 


3.10.7 NEGATIVE BIT (№ 


Тһе. Negative Bit (N) is used to indicate that the sign bit 
(bit 7), in the resulting value of a data ‘movement ог data 
arithmetic operation, is set to logic 1. If the sign. bit is set 
to logic 1, the resulting value of the data movement or 
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| arithmetic operation is negative; if the sign bit is cleared, 
_ the result of the data movement or arithmetic operation s 
_ positive. There are no instructions that set or clear the Neg- 


ative Bit since the Negative Bit represents only the status of 
a result. The instructions that effect the state of the Nega- 
tive Bit are: ADC, AND, ASL, BIT, CMP, CPX, CPY, DEC, 
DEX, DEY, EOR, INC, INX, INY, LDA, LDX, LDY, LSR, 


. ORA, PLA, PLP, ROL, ROR, RTI, SBC, TAX, TAY, TSX, 


TXA, and TYA. 
3.11 2K x 8 ROM 


The В6500/1 2048 byte x 8-bit Read Only Memory (ROM) 
usually contains the user's program instructions and other · 


fixed constants. These program instructions and constants 


аге mask-programmed into the ROM during fabrication of - 
the R6500/1 device. The R6500/1 ROM is memory mapped 
from 800 to FFF. 


3.12 64 x 8 RAM 


The 64 byte x 8-bit Random Access Memory (RAM) con- 
tains the user program stack and is used for scratchpad 
memory during system operation. This RAM is completely 
static in operation and requires no clock or dynamic refresh. 
The data contained in RAM is read out nondestructively 


with the same polarity as the input data. A standby power 
pin, VRR allows RAM memory to be maintained оп 10% of 


the operating power. |п the event that VCC power is lost 
and execution stops, this standby power retains RAM data 
until execution resumes. 


In order to take advantage of zero page addressing capabil- 


ities, the R6500/1 RAM is зт раде 2его пи 
address О to ОЗЕ. . 


3.13 CONTROL REGISTER 


The Contro! Register (CR), shown in Figure 3-4, is located 
at address ОВЕ. The CR contains five control signals and 


three status signals. 


Тһе. control signals are summarized in Table 3-1. The con- 
trol signals are set to logic 1 by writing logic 1 into the 
respective bit positions and cleared to logic 0 either by writ- 
ing logic 0 | into the respective bit ponon or by the occur- 
rence of a RES signal. TNI 


Table за. св Control. oi signats 


Control Signal Name 
| Counter Mode Control 0 (СМСО) | 
| Соштег Моде Control 1 (CMC1) 


PA1 Interrupt Enabled (А1 IE) 
РАО Interrupt Enabled (AOIE) 
Counter Interrupt Enabled (CIE) | 


The three status signals are summarized in Table 3-2. 
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0 
CRO. 
АНЕ | CMC1 мо. | 


LI - COUNTER MODE CONTROL (CMC1 & смсо) | 


TRE 
CR; . 'CR6 CRE t | 
|ство АОЕО АТЕО CIE | 


Interval Timer | 
Pulse Generator 
Event Counter : 
Pulse Width Measurement 


ки Ww d 


PA1 INTERRUPT ENABLE (А.Е) 


1 = Enable: PA1 Interrupt 
0 = Disable РАТ Interrupt 


PAO INTERRUPT ENABLE ЧАФЕ)_ | 


= Enable PAO Interrupt 
0 = Disable PAO Interrupt 


` COUNTER INTERRUPT ENABLE (CIE) 


1 = Enable Counter Interrupt 
0 = Disable Counter Intetrupts 


PA1 NEGATIVE EDGE DETECTED AT ED) 


21 РА1 Negative Edge Detected. 
0 РАТ: сь Edge Not ие 


РАО POSITIVE EDGE DETECTED: (AOED) | 


1 = РАО Positive Edge Detected 
0 = РАО Positive Edge Not Detected 


COUNTER OVERFLOW (CTRO) 


1 Counter Overflow Occurred 
0 No Counter Overflow 


Figure 3- 2 Control Register (сн) 


Table 3-2. CR Status Signals Table 3-3. Counter Mode Control Selection 
Status Signal Name 


PA1 Negative Edge Detected (A1ED) Interval Timer 


Pulse Generator 


PAO Positive Edge Detected (AGED) 
Counter Overflow (CTRO) | 


Event Counter 


Pulse Width Measurement 


The status signals are read-only information. The Status bits 
are set to logic 1 by hardware monitoring logic and cleared 
to logic O by the occurrence of RES signal or by specific 


address commands. Each of these. Signals. is described in 
the following sections. 


3.13.1 COUNTER MODE CONTROL 0 AND 1 | 


Counter Mode Control signals CMCO and CMC1 (bits 0 and 
1) contro! the Counter operating modes. The modes of 
operation and the corresponding configuration of CMCO and 
(СМСІ are summarized in Table 3-3. 


These modes are controlled by writing the appropriate bit 
values into the Counter Mode Control bits. 


The Counter. is ; set to the Interval Timer Mode. (00) when a 
RES signal is generated or if the user program. stores logic 
0 into Bits 0 and 1 of the Control Register. A complete 
description of each of the Counter modes is given in. Sec- 
tion 3.14.1. 


3.13.2 PA1 INTERRUPT ENABLE вт (AMIE) | 


If the PA1 Interrupt Enable Bit (CR2) is set to logic 1, an 
IRQ interrupt request. signal will be generated when the 
PA1 Negative Edge Detected Bit MORE is set. | 
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3. 13. 3 РАО INTERRUPT ENABLE BIT Фо). 


Mf th the РАО Interrupt Enable Bit (свз) is set to logi 1, the 5 


IRQ interrupt request signal will be generated. when ше 
| РАО Positive Edge Detected Bit (CR6) is set. 


3.13. 4 COUNTER ЇКТЕНВӘРТ ENABLE. ӘЛІШЕР; 


| те С Cahier Interrupt Enable Bit (СВА) i is зе! to logic 4. 
the РО interrupt request. signal will be generated when 
Counter Overflow (CR7) is set. | | | 


3.13.5 РАТ МЕСАТІУЕ EDGE DETECTED BIT 
(А1 ED) 


The PA1 Negative. Edge. Detected. Bit (CR5) is ; set to. Toole 
1 whenever a negative (falling) edge is. is detected on РАТ. 
This bit is cleared to logic 0 Dy RES or У е to 
| address 08A. 


The edge. detecting circuitry is active when РАТ is used 
either as an input or as an output. When РАТ is used as 
an output, A1ED will be set when the negative edge is 
detected during a logical 1 to 0 transition. 


'When РА! is used as ап input and the negative edge 
detecting circuitry is used, A1ED should be cleared by the 


user program upon initialization and. when the PA1 Negative. 


Edge Detected IRQ processing is completed. 


3.13.6 PAO POSTIIVE EDGE DETECTED ВІТ (AGED) 


"тле PAO Positive Edge Detected Bit (CR6) is set to logic 1 


whenever a positive (rising) edge is detected оп PAO. The 


2089. 


. The edge. detecting: "circuitry is. _ active when РАО і5 “used 
. either as an input or as an output. When PAO is used аз 
‚ап output, AOED will be set when the positive edge is 
detected Мала а logical Oto 1 transition. | 


"When РАО. is used. аз ап input and the positive edge 
; detecting circuitry is used, AOED should be cleared by the 
.user program upon initialization and upon completion of 
РАО Positive Edge Detected IRQ processing. . 


3. 13. 7 COUNTER OVERFLOW BIT (CTRO) 


The Counter Overflow Bit (СВ?) İS. set to logic 1 whenever 
a counter overflow occurs in any of the four counter operat- 
· та modes. Overflow occurs when the. counter is decre- 
| mented_ one count from 0000. This bit is cleared to logic 0 
by RES or by reading from address 087 or Шы to 
address 088. | 


bit is cleared to logic 0 бу ВЕЗ ог by writing to address 


This bit should be cleared by ‘the user. program upon | 


initialization and upon. completion of Counter Overflow IRQ 
interrupt processing. | 


| When a ‘Counter Overflow: occurs, the Upper Count (UC) inad- 
| dress 086 and the Lower Count (LC) in: address 087 are resetto - 
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ће values contained i in the Upper Latch (UL) in address 084 and 


_ inthe Lower Latch (LL) in address 085, respectively. Therefore, itc 


is important to load the Lower Latch value prior to executing the 
Write to Upper Latch and Transfer Latch to Counter (address 
088) in order to prevent an unpredicted reoccurrence of t Counter 
Overflow and, if enabled, an ТВО interrupt вы 


3. 14 COUNTER/LATCH 


The. Counter/Latch consists of a 16- bit ‘Counter and а 16- bit 
Latch. The Counter resides in two 8-bit registers: address 
086 contains the Upper Count value (bits 8-15 of the Coun- 
ter) and address 087 contains the Lower Count value (bits. 


20-7 of the Counter). The Counter contains the count of. 


either #2 clock periods or external events depending on 


. which counter: mode is selected in the Control Register 


(Section 3.13.1). 


| The latch contains the Counter initialization value. The 


Latch resides in two 8-bit registers: address 084 contains 


ће Upper Latch value (bits 8-15 of the Latch) and address 


085 contains the Lower Latch value (bits 0-7 of the Latch). 
The 16-bit Latch can hold values from 0 to 65535. 


The Latch registers can be loaded at any time by executing 
a write to the Upper Latch Address (084) and the Lower 
Latch Address (085). In each case, the contents of the 
Accumulator are copied into the applicable Latch register.. 
The Upper Latch and Lower Latch can be loaded independ- 
ently; it is not required to load both registers at the same 
time or sequentially. The Upper Latch can also be loaded 
by writing to address 088. 


The Counter can be initialized at any time by writing to 
address 088. The contents of the Accumulator will be cop- 
ied into the Upper Latch before the value in the Upper 


Latch is transferred to the Upper Counter. 


The Counter will ‘also be initialized to ; the Latch value when- | 


ever the Counter overflows. When the Counter decrements . 
from 0000, the next Counter value will be the Latch value, 
not FFFF. 


Whenever the Counter overflows, the Counter Overflow Bit- 
(CR7) is set to logic 1. This bit is cleared whenever the 
lower eight bits of the counter are read from address 087 
or by writing to address 088. 


3. 14.1 COUNTER MODES 


The Counter operates in any of four modes. These modes 
are selected by the Counter Mode nad bits in the Con- 
trol Register. 


Mode 


| CMCi смсо 
Interval Timer | he 0 3 
Pulse Generator ы | 0 wn 
Event Counter 2 1 о 


"Pulse Width Measurement 10 1 
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The Interval Timer, Pulse Generator, and Pulse Width 


Measurement Modes are 2 clock counter modes. The 


Event Counter Mode counts the occurrences ors an вхт 
event on the CNTR line. 


Interval Timer (Mode 0) 


In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 


21. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). | | 


2. When a write operation is performed to the Load 
o Upper Latch and Transfer Latch to counter address 
(088), the Counter is loaded with the Latch value. Note 
. а the contents of the Accumulator are loaded into 
. the Upper Latch before the Latch value i is transferred 

_ to the Counter. 


The oun value is decremented by one count at the $2 clock 
rate. The 16-bit Counter can hold from 1 to 65535 counts. The 


COUNTER 


Counter Timer capacity is therefore 1ш5 to 65.535ms at the 1 


_ MHz 02 clock rate or 0.5us to 32.768ms at the 2 MHz (2 clock 
_ rate. Time intervals greater than the maximum Counter value can 


be easily m measured by counting IRQ ide requests in the 
counter IRQ interrupt routine. Ts 


When the Counter decrements from 0000, the Counter 
Overflow (CR7). is set to logic 1 at the next. $2 clock pulse. 
If the Counter Interrupt enable bit. (САА) is also set, ап IRQ 
interrupt request will be generated. The. Counter Overflow 
bit in the Control Register can be examined in the ІНО 
interrupt routine to determine that the та was generated 
by the Counter Overflow. ~ 


While the timer is operating. in the Interval Timer Mode, the 
Counter Out/Event line - is held in the high (output disabled) 
state. 


A timing diagram ‹ of the Interval Timer Mode is | shown іп 
Figure 3- 5. 


COUNTER OVERFLOW 


(UL, LL) -1 ; 


COUNTER INTERRUPT ENABLED | | | Б 


\ 


COUNTER OVERFLOW 


^ HELD HIGH IN MODE 00 | 


SET ANY TIME BEFORE 
COUNTER OVERFLOW 


Figure 3-5. Interval Timer (Mode 0) Timing Diagram 


Pulse Generator Mode (Mode 1) 


In the Pulse Generator mode, the Counter Out/Event In line 
(CNTR) operates as a Counter Out. The CNTR line toggles 
from low to high or from high to low whenever a Counter 
Overflow occurs, or a write is pertonmed to address 088. 


Either a symmetric or asymmetric output waveform can be 
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output on the CNTR line in this mode. The CNTR бінің 15 
initialized high by а RES since the Interval Timer mode is 
established by RES. 


A one-shot waveform can be easily generated by changing 
from Mode 1 Pulse Generator to Mode O (Interval Timer) 
after only one occurrence of the output toggle condition. 


| 6500 | 


. Event Counter Mode (Mode ? 


In this mode the CNTR line is used аз an Event In line, 

and the Counter with decrement with each rising edge 

_ detected оп this line. The maximum гаје at which this edge 
can be detected is one-half the 02 clock rate. | 


The Counter can count up to 65,535 occurrences before 
overflowing. As in the other modes, the Counter Overflow 
bit (СВ?) is set to logic 1 if the overflow occurs. 


Figure 3-6 is a timing diagram of the Event Counter Mode. | 
Pulse Width Measurement Mode (Mode 3) 


"This mode allows the accurate measurement of a low pulse 
duration on the CNTR line. In this mode, CNTR is used in 
the Event In capacity. The Counter decrements by one 
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. count at the 62 clock. rate as long as the CNTR line is: held 


in the low state. The бошар is шава мћеп CNTR is іп 
| the high state. js 


If the CNTR pin is left disconnected, this mode may bó 
selected to stop the Counter since the internal pull-up 


device will cause the CNTR три, to be іп the high (>2.0V) 
state. 


А timing дат for the Pulse Width Measurement Mose is 
| shown in THU 3-7. 


3.15 INPUT/OUTPUT PORTS 


The Н6500/1 provides four 8-bit Input/Output (МО) ports 
(PA, PB, PC, PD). These 32 I/O lines are completely 
bidirectional. All lines may be used either for input or output 
in any combination; that is, there are no line grouping or 
port association restrictions. 


| COUNT | | | Ма 


| READ ТАКЕ ИСУ CEE? N-1 


N-2 


N-2 


Figure 3-6. Event Counter Mode (Mode 2) 


. Figure 3-7. Pulse Width Measurement (Mode 3) _ 
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The direction of the 32 ИО lines are controlled by four 8-bit port 
registers located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page address 
instructions. There are no direction registers associated with the 
ИО ports, which simplifies. уо anaing: The МО addresses аге 
shown in Table 3-4. 


Tabie 3-4. І/О Port Addreseés 


Address. EN 


Figure 3-8 shows пе I/O Port Timings. 
3.15.1 INPUTS | 


Inputs are enabled by loading logic 1 into all МО port register bit 
positions that are to correspond to МО input lines. A low (<0. 8V) 
input signal will cause a logic 0 to be read when a read instruction 
is issued to the port register. А high (>2.0V) input will cause а 
logic 1 to be read. An RES signal forces all 1/О port registers to 
logic 1 thus initially treating all МО lines as inputs. 


ПО PORT OUTPUT TIMING 


PA, PB, PC, PD OUTPUT 


МО PORT INPUT TIMING 
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The status of the input lines can be interrogated at any 
time by reading the МО port addresses. Note that this will 
return the actual status of the input lines, not the data writ- 
ten into the 1/O port ПРУТ | 


3.1 5.2 OUTPUTS 


Outputs are controlled by writing the desired МО line output 
states into the corresponding МО port register bit positions. 
А logic 1 will force a high (72. 4V) output while a ce 0 
will. force a low (<0.4V) output. 


3.15.3 EDGE DETECTION CAPABILITY | 


Ports PAO and PA1 һауе an edge detection capability. id 
ure 3-9 shows the edge detection timing. 


РАО Positive Edge Detecting Capability 


In addition to its normal МО function, РАО will detect ап 
asynchronous positive (rising) edge signal and set.the PAO 
Positive Edge Detected signal (CR6) to. logic 1. The maxi- 
mum гаје at which this positive edge can be detected is . 


-one-half the рг clock гаје. 


1 Ме PAO Interrupt Enable Bit (САЗ) is set, ап ВО TE 


rupt request will also be generated. The PAO Positive Edge 
Detected signal can бе cleared by writing to address 089. 


„| [LIC КӨ 


INTERNAL R/W 


PA, PB, PC, PD INPUT 


Figure 3-8. І/О Port Timing: 
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EDGE DETECT _ 
WINDOW 


*SEE NOTE | 


_ *NOTE: IRQ WILL STAY LOW UNTIL IT IS SERVICED | 


_ Figure 3-9. РАО and PA1 Edge Detection Timing 


PA1 Negative Edge Detecting Capability _ 2223.16 MASK OPTIONS 

In addition to its normal ИО function, РА! will detect ап _ An option is provided to delete the internal pull-up resistance from 
asynchronous negative (falling) edge signal and set the РА! _ PA, PB, PC and/or PD ports at mask time. This option is available 
Negative Edge Detected signal (СА5) to logic 1. The maxi- for 8-bit‘port groups only, not for individual port lines. This option - 
mum rate at which this negative edge can be detected is тау by used to aid interface with CMOS drivers, or in vorder to 


one-half the 02 clock rate. | interface with external pull-up devices. 


И the PA1 Interrupt Enable signal (CR2) is set, an IRQ 

interrupt request will also be generated. . The PA1 Negative | | | | 
Edge Detected signal may be cleared by writing to address An option is. also provided to delete the . internal ui up | 
08A. .. fesistance on the CNTR line. 
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п SECTION 4 
IRQ INTERRUPT REQUEST GENERATION 


An IRQ interrupt request can be initiated by any or all of 


three possible sources. These sources are all capable of 


· being enabled ог disabled by the use of the appropriate 


interrupt enabled bits in the. Control Register | 


© The first source of ТВО is Counter Overflow. The IRQ ЕТТЕ 


request will be driven low whenever both the Counter Interrupt 
Enable (CR4) and the Counter Overflow ee are dae 1. 


Тһе second source of IRQ в detection di a посинио Що 
оп РАО. Тпе IRQ inerrupt request will be driven low when- 
ever both the PAO Interrupt Enable (CR3) ahd the PAO 
Poemve Edge Detected s are logic 1. 


The third source of. IRQ is detection ofa negative edge) on 


РАТ, Тһе IRQ. interrupt request will be driven low whenever . 


both the РА1 Interrupt Enable (CR2) and the РАТ Er 


Edge Detected (CR5) are logic 1. 
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Multiple simultaneous interrupts will cause the IRQ interrupt 
request to remain active until all interrupting conditions have 


_ .been serviced. and cleared. 


ФФ | 
г CAUTION | 


If the same data, i.e., ће same RAM, counter/latch or I/O 
addresses, are operated on asynchronously by a normal 
processing routine and by an interrupt service routine, care 
must be taken to prevent loss of data due to the interrupt 
routine altering the data during update of the data by the 
normal processing routine. This situation can be prevented 
by disabling the IRQ interrupt with the SEl. instruction be- 
. fore starting the data update in the normal processing and 


| "еп enabling the interrupt with the CLI instruction upon 


completion of data update. 
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cio SECTION 5 Жк” 
РОМЕН ON/OFF CONSIDERATIONS 


5.1 POWER-ON RESET 


The occurrence of RES going from low to high will cause 
the R6500/1 to set the Interrupt Mask Bit — bit 2 of the 
Processor Status Register — and initiate. а reset vector fetch 
at address FFE and FFF to begin user program execution. 
All of the МО ports (PA, PB, РС, and PD) and CNTR will 
be forced to the high (logic 1) state. All bits of the Control 
Register will be cleared to logic 0 causing the Interval 
Timer counter mode (mode 00) to be selected and causing 
all interrupt enabled bits to be reset. 


5.2 POWER ON/OFF TIMING 


. After application of VCC power to ће R6500/1, RES must 
be held low for at least eight 02 clock cycles after VCC 
reaches operating range and the internal clock oscillator has 
stabilized. This stabilization time is dependent upon the 


input VCC voltage and performance of the crystal, clock, or 


RC network input circuit. The clock oscillator output can be 
_ monitored on XTLO (ріп 11). 


Figure 5-1 illustrates the power turn-on waveforms. 


5.3 RAM DATA RETENTION — VRR 
. REQUIREMENTS | 


For the RAM to retain data upon loss of | VCC, УВА. must 
be supplied within operating а and RES must be driven 


[crock STABILIZATION TIME —m 


И . low at least eight $2 clock pulses before VCC falls out of - 


operating range. RES must then be held low while VCC is 
out of operating range and until at least eight $2 clock 


cycles after VCC is again within operating range and the 


internal’ #2 oscillator is stabilzed. VRR must remain within 


МСС operation range during normal R6500/1 operation. 


When VCC is out of operating. range, VRR must remain 


within the VRR retention range in order to retain data. Fig- | 


ure 5-2 shows typical waveforms. 
5.4 RAM DATA RETENTION OPERATION 


The requirement for R6500/1 RAM даа retention and re- 
Start operation is application dependent. If R6500/1 RAM 
data retention is not required during loss of VCC, then VRR 
can be connected to the same power source as VCC. 
With this configuration a complete initialization of R6500/1 
program variables in RAM is ыы ироп УСС апа МАА 
ромег application. 


. M the R6500/1 ВАМ is ; to retain data during loss of VCC, 


the following, is required: 


1. Connection of VCC and VRR to separate power supplies 
or to the.same primary power. supply with isolation 
| "diodes and. battery or other backup power for УВН. 


2. VCC power monitor hardware with power: loss and 
cold/warm start indications to the А6500/1. 


3 Power loss detection as well as cold and warm start 
initialization in the R6500/1 program. 


| - ф 2 CLOCKS CYCLES MIN 


_ Figure 5-1. Power Turn-On Timing Detail | 
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| ВАМ OPERATING МОРЕ | | RAM RETENTION MODE | | 


VRR 


мес 


(1) INITIAL APPLICATION OF VCC AND УВВ. 
(©) Loss OF УСС, RAM ON STANDBY POWER. 


(3) REAPPLICATION OF VCC. 


28 $2CLOCK PULSES AFTER $2 OSCILLATOR STABILIZATION. 


(5) >в ф2С10СК PULSES, | 


Figure 5-2. RAM Retention Mode Timing 


The power monitor hardware must sense the loss of VCC 
power in sufficient time to allow the R6500/1 to save re- 
quired CPU register data in RAM. The power loss indication 
line can be connected to the ММГ interrupt input in order to 
cause an immediate R6500/1 interrupt upon power loss 
detection. | 


The power monitor hardware should also provide ап indica- 
tion of cold start (initial VCC and VRR power application) or 


warm start (VCC power re-application while VRR is retained - 


on backup power) provided as input on a data I/O pin. 


A level indication is sufficient. The R6500/1 program can 
then initialize all, or partial, program variables upon initial- 
ization then jump to any other starting address as required 
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depending upon cold/warm start condition. 


Upon power loss detection, the R6500/1 should save all required 
CPU register data in either the stack or dedicated RAM. The stack 
may be preferred if dedicated RAM is not available. If the program 
is to restart at the interrupted address, then all CPU registers 
must be saved, i.e., S, P, PC, A, X, and Y. The stack pointer must 
be savedin a dedicated RAM address. Note that processor status 
P andthe program counter, PC, are already saved onthe stack by 
the NMI interrupt R6500/1 hardware processing. If the warm start 
can be performed at a specific address, then the saving of the 
register data at power loss detection may not be required. Figure 
5-3 shows top level flowcharts of typical power. down and 
power-up processing. 0 
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.NMI INTERRUPT 


 ACOUIRE/COMPUTE 
AND SAVE DATA 
. AS REQUIRED 


COMMON INITIALIZATION 


SAVE A, X, & Y IN STACK 
SAVE S IN DEDICATED RAM 


COLD 


т | | МАВМ 
ЈМР ТО РС* 5ТАНТ | | START 

| ADDRESS Е | ADDRESS 

+ НАМС UP IN SHORT INITIALIZE COLD START INITIALIZE WARM START 


. LOOP UNTIL EXECUTION UNIQUE VARIABLES 


TERMINATES 


UNIQUE VARIABLES 


RESTORE S FROM DEDICATED RA 


а. Program Recovery at 
g у | CONTINUE RESTORE A, X, Y FROM STACK 


Address of Interruption 


NMI INTERRUPT _ 


ACQUIRE/COMPUTE & 
SAVE DATA AS 


COMMON INITIALIZATION 
REQUIRED | Ми MIN 


: УМР ТО PC* 
YES 


_ *HANG UP IN SHORT 


.. LOOP UNTIL EXECUTION га жу 0 GOLD: үк 9. | | WARM. Е 
TERMINATES 200002 START | | Ма о и START 
E m ny us ^^. ADDRESS EN | р | ADDRESS. | 


"INITIALIZE COLD START 
_ UNIQUE VARIABLES 


INITIALIZE WARM START 
UNIQUE VARIABLES | 


b. Program Recovery at 


Specific Restart Address (| CONTINUE CONTINUE | 


Figure 5-3. Typical R6500/1 Power Loss Recovery Flowcharts 
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SECTION 6 
TEST 


6.1 TEST MODE 


The R6500/1 test function is multiplexed on the RES input 
pin. The three input states for this pin are: 


(8 4. «08V 


Heset state. All R6500/1 outputs BIS. 
НЕ forced to the high state. 
2. >2.0У and . Normal run state. The low to high transi- 
<5.5V · tion on the RES pin initiates fetch of the 
| reset vector from address FFC апа FFD 
and starts user program execution atthe | 
vectored address. 
3. >10.0М and Test state. The only internal action that 


:<105У 0 . takes place is switching of the. data 
. source for instruction memory from in- 
27 ternal ROM to МО port “С”. Bit 0 of port 
“Cis the data least significant bit (LSB). 


The test mode allows instructions and data to be input externally 
through I/O port "C". This capability is used at Rockwell to test all 
of the R6500/1 logic, registers and internal data RAM. A ROM 
dump may be accomplished by using the test feature to load into 
the internal RAM a small program to fetch each byte of ROM and 
output it to an 1/О port. After this program is loaded the CPU is 
directed to begin execution out of RAM, e.g., JMP to OO. After the 
jump is executed, the RES line is returned to the normal run state. 
The normal run state allows data fetches to occur out of the 
internal ROM and returns port "C" to its normal function. . 


The detail support hardware and software. required to use 
the Н6500/1 test mode is fairly complex and time critical. 
For normal application testing, it is recommended that a test 
program be loaded into RAM and executed as explained in 
Section 6.2. 


6.2 PROGRAM LOADING INTO RAM 


А test or application program can easily be loaded into the 
А6500/1 RAM and executed without forcing the 6500/1 


into the test mode. To do this, а shc:t program loader func- _ 


tion must be permanently included in the application program 
stored in ROM. Upon test mode selection during R6500/1 


initialization, the loader reads instructions or data from an. 


ИО port and stores them into RAM. At the first completion 
of the load, the loader then jumps to the first instruction in 
RAM to start progam execution. 


A program is described which may be used to load test or 


application program into RAM. It can easily be adapted to 
specific requirements by re-assigning ИО as required. The 
loader uses positive handshake between the R6500/1 and 
the interfacing host equipment. One МО line is dedicated to 
the test mode selection. The other pins assigned to loader 
interface signals may be assigned to normal application МО. 
interface signals when the test mode is not selected. 


/О is assigned for the RAM Program Loader as follows: 


PAO Data Ready (DR) — Positive edge indi- 
cates data is m for sampling by the 

| А6500/1. 
РА ______ Епа of Datta (Ob) = Negative edge 


indicates that all the data has been 
transferred to the R6500/1. 


PA2 | . Data Taken (DT) — 


| = Паја Мог Такеп 
= Паја Taken 
PA7 . | Normal Mode Select (NMS) - — 
| 0 = Test Mode 
1 = Normal Mode 
PB7-PBO Data input, i.e., instruction or data (PB7 


= MSB, РВО = LSB) 


The flowchart in Figure 6-1 shows the loader operation. The 
handshake waveforms between the R6500/1 and the host 
are illustrated in Figure. 6-2. The following description corre- 
sponds to the handshake events identified in Figure 6-2: 

1) Host sees PA2 high, which indicates previous data, if 
any, has been taken by the R6500/1. The host then 
drops РАО low to indicate new data is not ready. This 
signal should be initialized low by the host. 


2) R6500/1 detects РАО low then drops PA2 low to indi- 
cate that data has not been taken. 


3) Host sees PA2 low then sets up new data. 
4) Host sets РАО high to indicate new data is ready. 


5) Upon detecting positive edge of РАО, R6500/1 reads 
data on PB7-PBO. R6500/1 then sets PA2 high to indi- 
' cate that the data has been taken. | 


6 When no more data is available, the host drops PA1 
low to indicate end of data (EOD). The R6500/1 then 
jumps to address $000 to start program execution. If all 
.RAM is loaded without EOD detected, the R6500/1 also 
jumps to address $000. 


An assembly listing of the RAM Program Loader is shown 
in Table 6-1. 
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INITIALIZE STACK POINTER 
$3F->S 
CLEAR DECIMAL MODE 
INITIALIZE RAM INDEX ТО 0 


_РА7 


TEST 
MODE 
SELECTED? 


JMP NORMAL 


1=NO | 
' PROGRAM 


"0 = YES 


ВЕБЕТ ПАТА ТАКЕМ 
0 > РА2 


1 = РАТ NEG EDGE 
DETECTED = YES 


DATA 
READY? 


| CRS 
1 = PAO POS EDGE 
DETECTED = YES 


CLEAR РАО POS EDGE DETECTED 
LOAD DATA FROM PORT B 
STORE INTO RAM 


PA1 NEG EDGE 
DETECTED = YES 


_ SET DATA TAKEN 
1->РА2 


INCREMENT НАМ INDEX 


= 64 = YES 


JMP TO TEST 


PROGRAM 


Figure 6-1. RAM Program Loader Flowchart 
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DATA STABLE 


| | | | 1 | | 
DATA READY (DR) (РАО) 


| DATA TAKEN (ОТ) (PA2) 


END OF DATA (EOD) (PA1) 


p Figure 6-2. R6500/1 RAM Program Load Handshake 
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Table 6-1. RAM Program Loader Assembly Listing 


‚Роп B Address 

‘Port A Address 
CLRPAO - $89 СІН PAO Edge Detect 
CTLREG = $8F “Сопіго! Register 
BEGIN - $000 ВАМ First Address 


"= $0800 
Резе! LDX #83Е 
| | TXS ‘Initialize Stack Pointer  . 
CLD ! ‚Зе: Binary Add Mode ` 
LDX #500 Initialize RAM Index 
LDA PORTA | | | | 
ВМІ ІМІТ ‘Test Mode Selected (РА7 =0)2 


(ПА PORTA ‘Yes 
LSRA 
BCS EODCK1 ;Data Ready High (РАО = 1)? 


LDA #$FB ‘No, Reset Data Taken 
STA PORTA :0->РА2 


ГОА #$20 
БІТ СТІНЕС 
ВУС EODCK2 ‚раѓа Ready (РАО Pos Edge Detected)? 


STA CLRPAO ‘Yes, Clear PAO Pos Edge Detected 
LDA PORTB оаа Data From Port B 

STA BEGIN,X ‘Store іп RAM 

LDA # ЕЕ. 

STA PORTA ‘Set Data Taken (1->PA2) 

INX ;increment RAM Index 

CPX %540 

BNE PAZCK 1$ RAM Full? 


4C 00 00 JMPBEG JMP BEGIN ‘Yes, Go То RAM Program Execution 


A9 20 . EODCK1 LDA 2 $20 

25 8F AND CTLREG 

FO D9 BEQ PAZCK ‚Епа of Data (PA1 Neg Edge Detected)? 
DO F5 BNE JMPBEG ‘Yes, Go То RAM Program Execution 


РО DE | ^ EODCK2 BEQ RDYCK ;End of Data (PA1 Neg Edge Detected)? 
DO F1 | ВМЕ JMPBEG | ‘Yes, Go To Ram Program Execution 


INIT ;First Address of Normal Program 


| # -ФРЕС : 
RES .WOR RESET ;Reset Vector 
.END 


Errors = 0000 «0000 
End of Assembly 
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APPENDIX A — SYSTEM MEMORY MAP 


: HEX 
IRQVectorHigh о | мамо | + FFF | 
ва Vector. Low | LA cm oe ју. Т | | FFE | 
RES Vector High | | и | . | FFD 
RES Vector Lo BET E | | = | ЕЕС 
аи eg | — | ROM 
NMI Vector High | MEE у ҒЕВ 
NMI Vector Low A LN. м _ | FFA 
| | | FF9 | 
User Program 
| 800 
| | ТЕЕ. 
В6500/1Е Џзег Ргодгат 
6 400 
ШЕ ин 3FF 
Unassigned) .. . : 
Ў RN 900 
Control. Register > | d 1 | | ОВЕ 
P0 | | (ове. 
Unassigned 
| 08B 
Clear РАТ Neg Edge Detected (Write Only) ши (1) | ОВА | 
Clear РАО Pos Edge Detected (Write Only) (1)| 089 
Upper Latch and Transfer Latch to Counter (Write Only) (2)| 088 
Lower Count (Read Only) (2)| 087 Input/Output 
Upper Count (Read Only) | | 086 
Lower. Latch (Write Only) 085 
Upper Latch (Write Only) | 084 
PORT D 083 
PORTC - | 2 082 
PORT B i 081 
PORT A 080 
ОЗЕ 
User НАМ | | | ВАМ 
| 000 


Notes: | 
(1) МО command only; i.e., no stored даа. | 
(2) Clears Counter Overflow — Bit 7 in Control Register. 
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APPENDIX B — R6500 INSTRUCTION SET 


This appendix contains a summary of the R6500 instruction set. For detailed information, consult the R6500 Microcomputer Sys- 
tem Programming Manual, Document 29650 №30. 


B.1 INSTRUCTION SET IN ALPHABETIC SEQUENCE 


ADC Add Memory to Accumulator with Carry LDA Load Accumulator with Memory 
AND "AND" Memory with Accumulator | LDX Load Index X with Memory 
ASL Shift Left One Bit (Memory or Accumulator) LDY Load Index Y with Memory 


LSR Shift One Bit Right (Memory or Accumulator) 
BCC Branch on Carry Clear 


BCS Branch On Carry Set NOP No Operation 

BEQ Branch on Result Zero | | 

ВІТ Test Bits in Memory with Accumulator ORA "OR" Memory with Accumulator 
BMI- Branch on Result Minus 

BNE Branch on Result not Zero | PHA Push Accumulator on Stack 

BPL Branch on Result Plus PHP Push Processor Status on Stack 
BRK Force Break PLA Pull Accumulator from Stack 
BVC Branch on Overflow Clear PLP Pull Processor Status from Stack 


BVS Branch on Overflow Set 
ROL Rotate One Bit Left (Memory or Accumulator) 


CLC Clear Carry Flag ROR Rotate One Bit Right (Memory or Accumulator) 
CLD Clear Decimal Mode RTI Return from Interrupt 
CLI Clear Interrupt Disable Bit RTS Return from Subroutine 
CLV Clear Overflow Flag 
CMP Compare Memory and Accumulator SBC ‘Subtract Memory from Accumulator with Borrow 
CPX Compare Memory and Index X SEC Set Carry Flag 
CPY Compare Memory and Index У SED Set Decimal Mode 
SEI Set Interrupt Disable Status 
DEC Decrement Memory by One STA Store Accumulator in Memory 
DEX . Decrement Index X by One | ТХ Ѕіоге Іпаех Х іп Метогу 
DEY Decrement Index Y by One STY Store Index Y in Memory 
EOR "Exclusive-Or" Memory with Accumulator |. TAX Transfer Accumulator to Index X 
TAY Transfer Accumulator to Index Y 
INC Increment Memory by One | TSX Transfer Stack Pointer to Index X 
INX Increment Index X by One TXA Transfer Index X to Accumulator 
INY Increment Index Y by One TXS Transfer Index X to Stack Register 
TYA Transfer Index Y to Accumulator 


JMP Jump to New Location 
JSR Jump to New Location Saving Return Address 
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B2. INSTRUCTION SET SUMMARY TABLE 


, ит PROCESSOR STATUS 
INSTRUCTIONS IMMEDIATE | ABSOLUTE | ZERO PAGE | ACCUM (мио | (мо ко | anoe | 2 МЕХ] aese | ABS, Y- | RELATIVE | INDIRECT | z. pace, v| CODES 


| - | [7.6 8. 4 3.2 1 0] 

н әәә әәә SERIES 
ADC А + М + С - А (4) (1) N ка ZG 
АМО ААМ-А (1) М.....2. 
ASL C = 0)--0 М. оо». ZC 


BRANCHONC 
BRANCH ON C 
BRANCH ОМ 2 
ААМ 
BRANCH ONN å 
BRANCH ON 2 
BRANCH ОММ 
BREAK | 
BRANCHONV = 0 (2) 
BRANCHONV = 1 (2) 
0-С 


всс 
BCS 


2 |2 [во з | 65| 312. 61 2 | 7 2 |75 2 [7o] «|з |79 14 13 
212 |20 з | 25 | 3/2 21 2 | зт 2 |35 2 |30] 413 [3914 |3 
oel 6 | 3 | 06| 5 | 2 loa] 2| 1 | 16 2 |1Е| 7 |3 
| | | 90 
| | : | г во 
Fol 2| 2 
2C з |2а | 3 |2 
| 0 
ИШ || || | ||| ІШ 
2 |oE| 7 
2 [50| 4 
2|rE| 7 
|| 


= ы 

е 5 
B) NH ~ 
fO ғ N 


с. 
о 
~ 


о 
o 
~ 
~ 
о 
с 
~ 


|р 


іл 
о 


ғә ро N ~ 
о 


тоо о оосо асо о|о 


< x x 0» PEP = = = пат т ош ал 4 Ofor fr т rj»oo Golo © Е Z Z|Z отттјо 
© 


IA] 


JUMP TO NEW LOC | 
JUMP SUB | 

_М-А | 
м-х 
MY 
2-0 278-6 
NO OPERATION 


~ 


on œ 
в: ы 
о Ax 
~ ~ 
пи 
то 
~ A 
о Q 


АУМ-А 


о 


Ne e © ea. Fe 


wj - 


Серан 
RTRN.INT 
RTRN SUB 
A-M-C-+A 
1-С 


со 


оз 


= = A AREA о оо оро оо DD DED ә ог VIO ZT rir —- —-- 


= = = = AFH ә о о HLH о о DD nir оз 


n ADD 1 to М IF PAGE BOUNDARY IS CROSSED 
12: ADD1TO М ЧЕ BRANCH OCCURS TO SAME PAGE 


INDEX X 


M; MEMORY BIT? 


X 
; Y INDEX Y Е ТВАСТ м. 

АБО 2 ТО "N^ IF BRANCH OCCURS ТО DIFFERENT PAGE у га nad TT КЕ ВАС & MEMORY BIT6 
аа и м и TIVE ADDRESS ( а 2. 
(4) IFINDECIMAL MODE, ZFLAGISINVALID -> ; CTIVE ADDRE н МО. BYTES 

ACCUMULATOR MUST BE CHECKED FOR ZERO RESULT Ms MEMORY PERSTACK POINTER V. EXCLUSIVE OR 
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— APPENDIX C — SYSTEM SPECIFICATIONS 
MAXIMUM RATINGS" | | 


[Parameter ____ Symbol | Vawe | 
Supply Voltage -0.3 to +7.0 
Input Voltage | Vin -0.3 to +7.0 


Operating Temperature _ 


Industrial | 


*МОТЕ: Stresses above those listed under ABSOLUTE МАХ- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in other 
sections of this document is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect | 
device reliability. a. 


ШІН 
| °С 


010. + 70 
—40'to +85 


-55 to +150 | °С | 


$їогаде Тетрегаіш ге 


STATIC DC CHARACTERISTICS m 
(Усс = 5.0V +10%, for R6500/1, Усс = 5У +5% for В6500/1А) 


Parameter 


Power Dissipation (Outputs High) · 
0°C to + 7090 | 
— 40°C to +85°C 


RAM Standby Voltage (Retention Mode) 


RAM Standby Current (Retention Mode) 
0°С to +70°C | 
—40*C to +85°C | 


2 Input High Voltage (Normal Operating Levels) | Мн 


Input Low Voltage (Normal Operating Levels) 


С г 
+ 


Input Leakage Current A 
Vin = 0 to 5.0 Мас RES, ММ! 


Input High Voltage (XTLI) | | | Мінхт 
Input Low Voltage (ХТЦ) | 
-Input Low Current | 
(Vi, = 0.4 Мас) 
Output High Voltage 
(Vec - min, ОАО _ 100 pAdc) 
Output High Voltage | 
(Мос = min) 


+ 
о 


Output Low Voltage - | 
(Vec = min, lLoAD - 1.6 mAdc) 
с Output High Current (Sourcing) 
(Мон = 2.4 Мас) ад. 
Output Low Current (Sinking) . 
(Vou = 0.4 Мас) | 
Input Capacitance TM | 
(Мн—0, Ta = 25°C, f = 1.0 MHz) 
PA, PB, PC, PD, CNTR гаси 
XTLI, XTLO 
Outpüt Capacitance E 
(Мн—0, ТА = 25°С, f = 1.0 MHz) 
ИО Port Resistance E B 
РАО-РА7, PBO-PB7, PCO-PC7, PDO-PD7, CNTR- 
Note: Negative sign indicates outward current flow, positive indicates inward flow. | 


Ш 
= 

оз 

o 
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AC CHARACTERISTICS 
(Усс = БУ +10% for R6500/1, Усс = 5V x96 for R6500/1A) 


Parameter 
XTLI input Clock Cycle Time | 
Internal Write to Peripheral Data Valid (TTL) 
Internal Write to Peripheral Data Valid (CMOS) 
Peripheral Data Setup Time 
Count and Edge Detect Pulse Width 
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APPENDIX D — R6500/1E EMULATOR PART 
D.1 INTRODUCTION 


To aid the user in designing R6500/1 microcomputer sys- 
tems, Rockwell has. developed an Н6500/1Е Emulator. The 
basic architecture of the Emulator is the same as that of 
the R6500/1 single-chip microcomputer except the Emulator 
brings the address, data, and required control lines off the 
chip to an external memory. 


This appendix describes only the differences between the 
R6500/1 single-chip microcomputer and the R6500/1E Emu- 
lator, All sections of the Emulator not described in this 
appendix are identical to the corresponding section of the 
R6500/1 single chip microcomputer. 


D.2 R6500/1 EMULATOR INTERFACE 
REQUIREMENTS 


This section describes the interface requirements for the 
R6500/1E Emulator. Figure D-1 is the Emulator Interface 
diagram. Figure D-2 shows the Emulator pin configuration. 
Table D-1 describes the function of each pin of the Emula- 
tor that differs from the R6500/1 device. 


“сс 8 BIT 
~! PORTA | 
V РАО-РА7 
(ВАМ 
POWER | | 
8 BIT 
Vss CC» Ports 
| PBO-PB7 
XTLI 8 BIT 
~» PORT С 
CRYSTAL PCO-PC7 
TLO с то 
| 2. | ME INTERFACE 
Sere СІВ | DEVICES - 
MICROCOMPUTER |<--” ре 
12 ADDRESS cj EMULATOR шайқады 
LINES 
CNTR. 
8 DATA уйу 
LINES = 
ММ! 
EMULATOR 
CONTROL фа 
RDY НЕЕ 
SYNC 
RW 


Figure D-1. R6500/1 Emulator Interface Diagram 
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Table D-1. R6500/1E Emulator Pin Description 


Description 


Read/Write allows the CPU to control the direction of data transfers between the R6500/1E Emulator CPU and 
external memory. This line is high when reading data from memory and is low when writing data to memory. 


| The Ready input delays execution of any cycle during which the RDY line is low. This allows the user to halt 
or single step the CPU on all cycles except write cycles. A negative transition to the low state during the 22 | 
| clock low pulse will halt the CPU with the address lines containing the current address being fetched. If RDY is 
low. during a write cycle, it is ignored until the following read operation. This condition will remain through a sub- 
sequent #2 clock pulse in which the RDY line is low. This feature allows the CPU to interface with memories 
having slow access times, such as EPROMS used with the. R6500/1 Emulator part during prototype system 
development. © 


The Sync signal is provided to identify cycles in which the СРЏ і5 МИ ОР CODE fetch. SYNC goes high 
during the #2 clock low pulse of an OP CODE fetch and stays high for the remainder. of that cycle. If the RDY 
line is pulled low during the 02 clock low pulse in which SYNC went high, the CPU will halt in its current state 
and will remain in that state until the RDY line goes high. Using this 8001906, the SYNC signal can be used to 
control RDY to cause single instruction execution. 


Phase 2 (#2) clock pulse. Data transfer takes place only during 02 clock pulse high. 


Address Bus lines. The address. bus buffers on the R6500/1E are push/pull type drivers capable of driving at 
least 130 pf and one standard TTL load. The address bus always contains known data. The addressing tech- 
nique involves putting an address on the address bus which is known to be either in program sequence, on the 
same page in program memory, ог ага known point in memory. The І/О address commands are also placed on 
these lines.. | i 


Data Bus lines. All transfers of instructions and data between the CPU and memory, ИО, and other interfacing 
circuitry take place on the data bus lines. The buffers driving the data bus lines have full three-state capability, 
which is necessitated by the fact that the lines are bidirectional. Each data bus pin is connected to an input and output - 
buffer, with the output buffer remaining in the floating condition. | 


D.3 SYSTEM ARCHITECTURE. 
8 РАО-РА7 


Figure D-3 is а block diagram of the R6500/1E Emulator. 
The function of each block is identical to its counterpart in 
the Н6500/1 microcomputer. The main differences between 
the two products are in the ROM, the clock oscillator, the 
input/output ports and write-only monitoring. · 


-8 [> РВО-РВ7 


R65004E | 
EMULATOR 


-8 > PCO-PC7 
D.3.1 ROM 


To facilitate debugging, the R6500/1 ROM has been re- 
moved from the R6500/1E Emulator, and has been replaced 
by external memory. Also, an additional 1024 eee oí 
memory (400-7FF) are addressable. 


-8 1 РО0-Р07 


D.3.2 CLOCK OSCILLATOR 


The external frequency reference for the R6500/1E Emulator 


may be either a crystal or a clock. Тһе RC option is not |. 


available for this device. 
D.3.3 INPUT/OUTPUT PORTS 


The R6500/1E has the internal ИО and CNTR port pull-up 
resistance only. The option to delete the pull-up resistance 
is not included in this device. 
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Figure D-3. R6500/1E Emulator Block Diagram 


D.3.4 WRITE-ONLY MONITORING 


The R6500/1E allows the user to monitor мте operations 
to the internal RAM and МО by routing those operations 
externally as well as internally. Read operations are not 
routed externally. 
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D.4 R6500/1E І/О PORT INITIALIZATION than in the R6500/1. It is still required, however, that the 

| d к" RES line to the R6500/1E be held low for at least eight 02 
Ports A, B, C and D and the CNTR line in R6500/1E аге clock cycles after VCC reaches operating range and the 22 
initialized to the logic high state two 02 clock cycles earlier clock oscillator has stabilized. | 


» ЫШЫ ГАЛЛ. 
RES | 8 2 clock cycles minimum after 2 clock stabilization 
== 
/O 


R6500/1 | 
% RES transition window 


“ 
| 
SS Don't care state 


0.5 TYPICAL R6500/1E PROGRAM MEM- | this case, type 2716 and 2708 PROMs). Example 1 shows a 


| connection to а 2K 2716 PROM. Since the R6500/1 has а 
ORY INTERCONNECTIONS | 2K ROM capacity, the contents of the PROM could be 


masked directly into the production R6500/1 ROM. 
Shown below and on the following page are two typical и P 


connections between the R6500/1E and program memory (in 


Example 1. R6500/1E Connected to One 2716 PROM (2K Bytes) 
* SEE R6500/1 DETAILED MEMORY MAP 
Connection Diagram 2 Memory Map 


FFF 


O0 
O1 
02 
03 
04 
05 
06 
07 


800 | 
7FF 


| R6500/1E | 
ЗОР NOT USED 


>>>>>Р>Р>>>Р>Р 
зоочосьомю-о 


| 


КАМ & 1/О* 


О 
т 


E 


000 
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Example 2 shows a connection to 3K of 2708 PROMs.. The program, however, must be reduced to 2K maximum (be- 
extra 1K PROM allows expanded or additional programs be tween addresses 800 and FFF) before committing to | 
used during R6500/1 firmware development. The production R6500/1 ROM. 


Example 2. R6500/1E Connected to Three PROMs (3K Bytes) | 


Connection Diagram 


ЗЕЕРЕБЕР 


о 


В6500/1Е 


А 
А 
А 
А 
А 
А 
А 
А 
А 
А 


осомолљоћм = 


2708 МО.З 


Ргодгат Метогу 


2708 NO.1 Extended Prográm 
PROM газ Метогу 


_ NOT USED 
* a 
ВАМ & МО | 


*See R6500/1E Detailed Memory Мар 


Truth Table 


PROM Select 
e i^ 1 2708 No. 2 жаі ^x 3 Selected 
CE | Address Range 


000-3FF 


400-7FF 
800-BFF 
С00-ЕЕЕ 


3-132 


R65004 . E ы со One-Chip Microcomputer 


0.6 R6500/1E TIMING 


R/W setup time from CPU 


Address setup time from CPU 


Memory read access time 


Data stabilization time 
Data hold time — Read 


Data hold time — Write 


Data delay time from CPU 
"АПУ setup time | 
SYNC delay time from CPU 
Address hold time 

ВАМ hold time 

Cycle Time 


PHASE 2 (02) TIMING REFERENCE | ф2 ке 


TIMING FOR READING DATA FROM ВАМ S 
EXTERNAL MEMORY B 
ADDRESS FROM ЕС С 
СРЏ М 
РАТА ЕВОМ pa 
ши | 
“хот 
—-| 'svNc 
" — Tarw 
RWS 
TIMING FOR WRITING DATA TO RAV WN | | SS 
EXTERNAL MEMORY 4 0.8У 0.8V aN 
ADDRESS FROM 
CPU 
DATA FROM 
CPU 
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0.7 R6500/1E ELECTRICAL CHARACTERISTICS 


(Voc = 5.0 =5%, Vss = 0; Ta, 25°C) 


| | | Characteristic Н | 


Input High Threshold Voltage 
00-07, АБУ, | re s 


Input Low Threshold Voltage 
00-07, RDY, | 


Three-State (Off State) Input Current 2. 
= (V = 0.410.2.4V, Voc = 5.250) 
_ 00-07 | 


Output High Voltage 
(һоло = 100 ,Адс, Voc = 4.75V) 
. 00-07, SYNC, А0-А11, RW, 2 | 


Output Low Voltage — j 
| (одр = 16 тАсс, Усс = 4.750) 
00-07, SYNC, А0-А11, RW, $2 


Power Dissipation | 


-Capacitance | 
(Ма = 0, ТА = 25°C, f = 1 MH23) 
‚ АБУ | | 
00-07 . 
 A0-A11, RW, SYNC 
go | 
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R6500/1E 


MICROPROCESSOR EMULATOR DEVICE 


Rockwell | 


INTRODUCTION 


The R6500/1EC and R6500/1EQ devices provide all the features 
of the R6500/1 Microcomputer in a ROMless form suitable for 
use as an advanced microprocessor complete with 16 bit counter 
and 32 I/O lines, and an address and data bus for АК of external 
memory. 


To aid in designing R6500/1 microcomputer systems, it may also 
be used as an Emulator device. Device architecture is basically 
the same as the R6500/1 except that the address, data, and 
associated control lines are routed off the chip for connection 
to an external memory. 


The functions and operation of the devices are identical to the 
R6500/1 except for minor differences. The R6500/1 Data Sheet 
Order No. D51 (Document No. 2900D51) contains a description 


1 
2 
3 
4 
5 
6 
7 
8 
9 


R6500/1E 


of R6500/1 and R6500/ common interface signals and 
functions. | | 


The device is available іп both 64-ріп DIP ceramic (В6500/1 ЕС) 
and 64-pin QUIP Plastic (R6500/1EQ). 


ORDERING INFORMATION 


Part Package Frequency Temperature 
Number Type Option Range 


R6500/1EC Ceramic 09С to 70°С 
09С to 70°C 
0°C to 70°С 
09С to 709С 


В6500/1Л ЕАС Сегатіс 
R6500/1EQ Plastic 
R6500/1EAQ Plastic 


OANA gr ом + 


R6500/1EQ 


Pin Configuration 


Document No. 29000D51S 


Data Sheet Order No. D51S 
Rev. 2, February 1984 


R6500/1E 


Microprocessor Emulator Device 


SIGNAL DESCRIPTIONS 
All R6500/1 interface signals are provided in the device. While 
the pin assignments are different from the R6500/1 in order to 


accommodate the 64-pin package, the interface electrical | 


° characteristics are identical. The device provides 24 additional 
signals to route the address bus (12 lines), the data bus (8 lines), 
and control signals (4 lines) off the chip for connection to external 
memory. | 


MEMORY МАР 
_ An additional 1024 bytes of memory (400- 7FF) are addressable 


. . in the device. 


EXTERNAL FREQUENCY REFERENCE 


The external frequency reference may бе: а crystal or a clock 
— the RC option is not available.in the device. 


I/O PORT PULLUPS 

The device has internal /О port pullup resistance only. 
DEVICE ADDITIONAL SIGNALS 

Pin 
No. 
62 


Description 


Read/Write. The Read/Write output con- 
-trols the direction of data transfer between 
the CPU and external memory. This line 
is high when reading data from memory 
and low when writing data to memory. 


Ready. The Ready input delays execution 
of any cycle during which the RDY line is 
low. This allows the user to halt or single 
step the CPU on any cycle except a write 
cycle. A negative transition to the low state 
during the $2 clock low pulse will halt the 
CPU with the address lines containing the 
current address being fetched. If RDY is 
low during a.write cycle, it is ignored until 
the following read operation. This condition 
will remain through a subsequent Ф2 clock 
pulse in which the RDY line is low. 


SYNC . 6 Sync. The Sync signal is provided to iden- 
tify those cycles in which the CPU is per- 
forming an OP CODE fetch. SYNC goes 
high during Ф2 clock-low pulse during an 
OP CODE fetch and stay high for the 
‘remainder of that cycle. If the RDY line is 
pulled low during the Ф2 clock low pulse 
in which SYNC went high, the CPU will halt 
in its current state and will remain in that 
state until the RDY line goes high. Using 
this technique, the SYNC signal can be 
used to control RDY to cause single 
instruction execution. 
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Pin 
No. 


Signal 


Мате -Description 


Phase 2 (Ф2) clock pulse. Data transfer can 
take place only during $2 clock. pulse. | 


25-32 
2-34-37 


AO-A1 1 Address Bus Lines. The address bus buf- 
fers on the device are push/pull type 
drivers capable of driving at least 130 pf 
and one standard TTL load. The address 
bus always contains known data. The 
addressing technique involves putting an 
address on the address bus which is 
known to be either in program sequence, 
on the same page in program memory, ог 
at a known point in memory. The МО. 
addresses are also placed on these lines. 


Data bus Lines. All transfers of instructions 

and data between the CPU and external’ 
memory take place on the data bus lines. 

The buffers driving the data bus lines have 

full three-state capability. Each data bus. 
pin is connected to an input and an output 

buffer, with the output buffer remaining in 

the floating condition. 


00-07 53-46. 


/О PORT INITIALIZATION 


Ports A, B, C and D and the CNTR line in the device are initial- 
ized to the logic high state two #2 clock cycles earlier than in 
the R6500/1. It is still required, however, that the RES line бе 
held low for at least eight $2 clock cycles after Усс reaches 
operating range (Figure 1). 


TYPICAL PROGRAM 
MEMORY INTERCONNECTIONS 


Illustrated аге two typical connections between the R6500/1E 
and program memory (in this case, type 2716 and 2708 PROMS). 
Figure 2 shows a connection to a 2K 2716 PROM. Since the | 
R6500/1 has a 2K ROM capacity, the contents of the PROM 
could be masked directly into the production R6500/1 ROM. 


Figure 3 shows a connection to 3K of 2708 PROMS. The extra 
1K PROM allows expanded or additional programs be used dur- 
ing R6500/1 firmware development. The production program, 
however, must be reduced to 2K maximum (between addresses : 


800 and FFF) before committing to R6500/1 ROM. 


16500ЛЕ 00/00 . Microprocessor Emulator Device 


7 | | e RES TRANSITION 
2 | | | | | | | | | | | | | 111 | | LJ Ll L E носи 


| TO | - $ DON'T CARE STATE 
RES в 42 CLOCK CYCLES MINIMUM: | de ш 


Н6500/1Е | 
мо | D 


PORTS | coor SSSSSSSSSSSS —— pe 


Figure 1. І/О Port Initialization 


CONNECTION DIAGRAM . MEMORY МАР 


DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 


А0 


А | | 
R6500/1E A2 | | NOT USED 


RAM & l/O* 


Figure 2. Device Connected to One 2716 PROM (2K Bytes) 
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— CONNECTION DIAGRAM | MEMORY MAP | 


2708 No. 3 

PROM | . г 

и PROGRAM 
Ж MEMORY 

2708 NO. 2 ue 
PROM 


2708 NO. 1 EIER EH 


R6500/1E. | МЕМОВУ 
| | PROM PROGRAM 


и ЗЕЕ 
090 | 
| ВАМ & I/O 
| . 000 


— .*SEE DETAILED. 
_ МЕМОВУ МАР 


Figure 3. Device Connected to Three PROMS (3K Bytes) 


TRUTH TABLE | т | | 


2708 Мо. 3 2708 Мо. 2 — 2808 Мо. 1 | 
| СЕ — СЕ СЕ | 


| 1 1 | 
1 1 
| 1 0 
0 1 


Selected 
Address Range 


` 000-3FF 
400-7FF 
800-BFF 
С00-ЕЕЕ 


3-138 


R65000E ^ — . | Microprocessor Emulator Device 


DEVICE TIMING 


_ RAW setup time from CPU 
abs Address setup time from CPU 


| Memory read access time 


Data stabilization time 
Data hold time — “Read 
Data hold time — - Write 
‚ аа. delay time from CPU. | 
—RDY setup time | 
SYNC delay time from CPU 
Address hold time 
С ВАУ hold time 0 
Cycle Time 


ELECTRICAL CHARACTEHESTIGS 
(Vcc = : 5.0 + 5%, Vss = ТА = 25°С) 


"input High Threshold Voltage. 
_ DO-D7, RDY, pe 


— Input Low Threshold Voltage 
_ DO-D7, RDY, 


| Three-State (Off State) Input Current | 
(V = 0.4 to 2.4V, Усс = 5. PN 
00-07 5 
Output High Voltage d 
_ (ILOAD = 100иАдс, Мос = 4.75V) 
‘00-07, SYNC, А0- А11, RW, $2 


Output Low Voltage | | 
(ОАР = 1.6 тАдс, Усс = 4.750) 
— (00-07, SYNC, А0-А11, RW, 62 


5 -Power Dissipation 


Capacitance В 
55 (Vin = 0, ТА = 25°С, x 1 мна. дузы 
‚ RDY КЕ; 

DO-D7 . 
| АО-А11, RW, SYNC 
e OA 


ЏО Port Pull-up Reslsiance С 
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R6500/1E | Тағ Уу К Microprocessor Emulator Device. 


DETAILED MEMORY MAP- 


ІНО VECTOR LOW | 
RES VECTOR HIGH CN — 
| RES VECTOR LOW ` Lb | | 
А та E 
(1) Additional 1024 ВЕКА аге ‚ decoded tor external 


R6500/1 USER PROGRAM _ memory addressing. This area can be used during | 


debut, but cannot. be used: in. а masked ROM 
R6500/1E EXTENDED PROGRAM AREA (1) | | В6500/1. 


UNASSIGNED E (2) МО command only; i.e., no ‘stored даа. .. | 
(3) Clears Counter Overflow — Bit 7 in Control Register 


- (4) CAUTION: The device allows RAM mapping into 
| UNASSIGNED | 040-07F, 100-13F, 140-17F, 200-23F, 240-27F, 
300-33F, and 340-37F; as well as 000-03F. The 
RETE — — H production R6500/1, however allows RAM mapping 
| only at 000-03F. 
| 
.LOWER COUNT 
UPPER COUNT: 


6... | 
LOWER LATCH | INPUT/OUTPUT 
UPPER LATCH | : 


f UNASSIGNED 
USER RAM 


TIMING DIAGRAMS 


PHASE 2 (¢2) TIMING REFERENCE 


TIMING FOR WRITING TO MEMORY | 


R/W 


ADDRESS 
| FROM CPU 


DATA FROM, 
MEMORY _ 


RDY 
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ЕСЕДІ 


_ Microprocessor Emulator Device 


PACKAGE DIMENSIONS | 
 R6500/1EC 64-PIN DIP CERAMIC 


- DENOTES PIN NO. 1 


.028 (.71 MM) 
.032 (.81 MM) 


.015 (.38 MM) 
.019 (.48 ММ) 


22 NOTE: PIN NO. 1 IS IN LOWER LEFT CORNER WHEN 
SYMBOLIZATION IS IN NORMAL ORIENTATION 


R6500/1EQ 64-PIN QUIP PLASTIC 


(00150. 
2. (9.81 MM) | 


же S 


Pas 35 мм) 


= |= ипомом од ооо | 


лысы 
| ТҮР _ 
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10° МАХ we 


900 NOM _ 
. (22.86 ЈЕ 


С 050 NOM 


| .070 (1.78 ММ) 
.129ММ0 080 (2.03 ММ) 
@. 05 ММ) Е. 
LEADS .100 € TO ¢ . 
(2.54 ММ) 


| 925 | 
-—— gm. 495 им) 
| .750. 


Фа 
а 


64 да, UP 


ON 


Rockwell 


R6500/1 EB e R6500/1 EAB 
R6500 Microcomputer system | 


R6500/1EB and R6500/1EAB 
BACKPACK EMULATOR _ 


_INTROD истом | 


The. Rockwell. R6500/1EB and R6500/ 1 EAB Backpack E Emulator 
is the PROM prototyping version of the 8-bit, masked-ROM 


| n .R6500/1 one-chip microcomputer. Like the R6500/1, the back- . 
© pack device is totally upward/downward compatible. with ай. 


members of the R6500/1 family. It is designed to accept stan- 
. dard 5-volt, 24-pin EPROMs or ROMS directly, in a socket on 
top of the Emulator. This packaging concept allows a standard 
EPROM to be easily removed, Peor ees then reinserted 
as often as desired. 


The backpack devices have the same pinouts as the masked- 


ROM R6500/1 microcomputer. These 40 pins are functionally . 
and operationally identical to the pins on the R6500/1, with | 


_зоте minor differences (described herein). The R6500/1 Micro- 


computer Data Sheet (Rockwell Document No. 29000051) | 
includes a description of the interface signals and their func- ` 


. tions. Whereas the masked-ROM R6500/1 provides 2K bytes 


of read-only memory, the R6500/1EB will address ЗК bytes of 


` external program memory. This extra memory accommodates 
program patches, test programs or optional programs ung 
breadboard and Ро а states. 


ORDERING INFORMATION 


BACKPACK EMULATOR 


ET Pat Memory Compatible | Temperature | 
| Number Capacity Memories Range and Speed 


. R6500/1 EB1 


2716, 2516 09С to 70°С 
23168 1 MHz 


0?C to 70°С 


R6500/1EB3 | 2732 
| | | a 1 MHz 


R6500/1EAB3 - 8 | 2732А 0°C to 70°С . 
| | (250 ns) 2 МН2 


_ SUPPORT Pt PRODUCTS 


| Рая — | 
| Number Description 


‚| S65-101 | SYSTEM 65 Microcomputer Development System 
.M65-040 | PROM Programmer Module 
_М65-081 | 1-MHz R6500/1 Personality Module · - 
M65-082 | 2-MHz R6500/1 Personality Module 


FEATURES 


e PROM version of the R6500/1- 


e Completely ріп compatible with R6500/ 1 single-chip 
| microcomputers | 

Profile approaches 40-pin DIP of R6500/ 1 

Accepts 5-volt, 24-pin industry-standard EPROMs 

--4К memories—2732, 2732А (ЗК bytes addressable) 
—2K memories—2716, 2516, 2316B 

Use as prototyping tool or for low volume production 

51,4 bytes of memory capacity (1 К, 2К, 4К memories) 

64 x 8 static RAM | 

Separate power pin for RAM 

Software compatibility with the R6500 family 

32 bi-directional TTL compatible /О lines (4 ports) 

1 bi-directional TTL compatible counter /О line | 
16-bit programmable counter/latch with four modes (interval E 
timer, pulse generator, event counter, pulse width 
measurement) 

5 interrupts (reset, non-maskable, two external edge sensi- 
tive, counter) 
Crystal or external time base 
• Single +5V power supply 


R6500/1EB-R6500/1 EAB Backpack Emulator 


Document No. 29000D60 
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R6500/1EB ч esame B 


CONFIGURATIONS 


| Тһе Васкраск Emulator is available in three different versions, : 


{о accommodate various 24-ріп' ӘК- апа 4К-тетогіеѕ апа 
speeds. А! three versions provide 64 bytes of RAM and /О, as 
_ well as 24 signals to support the external memory "backpack" 
socket: The 24 backpack signals differ somewhat between 


versions (due to memory. pin differences) but always consist of 
the address bus (12 lines), the data bus (8 lines) and the OE, CE, 


Voc. and Vss signals (one. line Sach), See the Interface Diagram. 


The aterial memories: must always occupy the | upper 2K of 


available memory (addresses 800 through FFF) for implemen- 
tation of interrupt vectors. See Memory Мар. The Backpack 


_ Emulator provides a read. block to the external memory where 


internal RAM or I/O are located | in the same addresses as that · 


occupied by external memory. 


EXTERNAL FREQUENCY REFERENCE 


e The external frequency reference may be a crystal or a clock— 

ће RC option is not available ` in the emulator device. The 
R6500H ЕВ and R6500/1EAB divide the input clock by two 
regardless: of те source. 


|» vec, VSS. 


24 PROM/ROM | 
PINS ___ 


| OSCILLATOR | 


` INTERRUPT . 


CONTROL 
__ REGISTER 


i карын Emulator | 


Vo PORT PULLUPS.. 


=, The emulator devices have internal vo port 272 resistors. 


TEST MODE DELETED | 


The test mode of the 16500 is not available on the е Backpack 
Emulator. | | 


| © PRODUCT SUPPORT 


The. Backpack Emulator i is just one of the products that Rockwell | 


offers to facilitate’ sem and 1 program development for the. Em 


R6500/ 1. 


. The SYSTEM 65 Microcomputer ‘Development Sviiem ;» with à 
.R6500/1 Personality Module. supports both hardware and soft- ' 


ware development. Complete in-circuit user emulation with the 
R6500/1 Personality Module allows total system test and evalua- ` 
tion. With the optional PROM Programmer, SYSTEM 65 can also | 


be used to program EPROMs for the development activity. When | 
PROM programs have been finalized, the PROM device canbe . 
. sentto Rockwell for такы into the 2K ROM of the R6500/1. | 


In addition to: > support product; Rockwell offers ЕСА ; 
scheduled designer’ 5 ‹ courses at regional centers. 


XTLI 
о ХО 
|. RES 


-EDGE 


DETECT ` НЕ 


4 УСС, УВВ, VSS 
PAC-PA7 |0 


| | PBOPB7 | 


Tee 


“COUNTER! | 
LATCH. 


“| E R6500/1 ae. В 
E COMPATIBLE F PINS 27 


“В6500ЛЕВ Interface Diagram 


R6500/1EB and R6500/1EAB - 


DETAILED MEMORY МАР | 


но VECTOR HIGH _ 
| 
u [RES VECTOR tow — — — — — 


UPPER CATH E TRANSFER 
LATCH TO COUNTER 


- [LOWER COUNT 
UPPER COUNT 
[LOWER LATCH 


| ПЕРЕН ELATOH “084. 


| PORT с 
г LPORT В. 
РОНТ А 


| UNASSIGNED 
'' USER RAM 


NOTES 

(1) Additional 1024. bytes are decoded for external memory | 
addressing by the Backpack Emulator Device. This area can 
be used during debut, but cannot be used in a masked ROM 
R6500/1. (Available only on R6500/1EB3s) 

(2) ИО command only; i.e., no stored data. 

(3). Clears Counter Overflow—Bit 7 in Control Register 

(4) CAUTION: The device allows RAM mapping into 040-07F, 
100-13F, 140-17F, 200-23F, 240-27F, 300-33F, and 340-37F; 
as well as 000-03F. The production R6500/1, however 
allows RAM mapping only at 000-03F. 


RAM MAPPING 


The Backpack Emulator allows RAM mapping into 040-07F, - 


100-13F, 140-17F, 200-23F, 240-27F, 300-33F and 340-37F, as 
well as 000-03F. The production R6500/1, however, allows RAM 
mapping only at 000-03F. This means that a write to location 
-40, for example, will write to location О in the Backpack Emulator, 
and to invalid RAM in the R6500/1 production part. 


ИО PORT INITIALIZATION 


Ports A, В, C, and D and the CNTR line in the Backpack - 


Emulator аге initialized to the logic high state two 02 clock 


cycles earlier than in the R6500/1. The RES line to the device 


must, however, still be held low for at least eight 02 clock 
cycles after Vcc reaches operating range. See timing diagram. 
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“Backpack Emulator 


BACKPACK MEMORY SIGNAL 


95-118, 
138-178 


DESCRIPTION 


_ Description 


Data Bus Lines. All instruction and data 
transfers take place on the data bus lines. The 
buffers driving the data bus lines have full three- 


"| state capability. Each data bus pin is connected 


15-85, 
235, 248 


195 


Усс/А11 | 218 


|to an input and an output buffer, with the out- 


put buffer remaining in the floating condition. 


_| Address Bus Lines. The address bus lines are 


buffered Бу push/pull type drivers that can manye 
| one standard TTL load. 


Address Bus Line 10. This address line has the 
same characteristics and functions as Lines’ 
А0-А9. 


Сһір Enable. Іп the R6500/1EB1, СЕ is 
active when the address is 800-FF. In the 


.R6500/1EB3 and R6500/1EAB3, СЕ is 


active when the address is 400-FFF. This line 
can drive one TTL. load. 


Memory Enable Line. This signal: provides the 
output enable for the memory to place informa- 
tion on the data bus lines. This signal is driven 
by the R/W signal from the CPU and then 


inverted by a standard TTL inverter, to form OE. 


Main Power Supply +5\. This pin is tied 
directly to pin 30 (Усс). 


Main Power Supply +5\. This pin is tied 
directly to pin 30 (Усс), except in the 
R6500/1EB3 and R6500/1EAB3, where it is tied 
to A11. During backup power, power is supplied 
only to the RAM memory, and not to the 
PROMs. 


Signal and Power Ground (zero volts). This pin 
is tied directly to pin 12 (Veg). | 


24-PIN SOCKET 


NOTE: (1) PIN 21 IS Усс FOR R6500/1 EB1 OR А11 FOR 
R6500/1EB3 


Pin Configuration 


READ TIMING CHARACTERISTICS 


OE setup time from CPU 
Address setup time from CPU 
Memory read access time 
Data stabilization time 
Data hold time—Read 

"| Address hold time 

| OE hold time 

| Cycle Time 


READ TIMING WAVEFORMS 


$2" 


OE 


ADDRESS FROM 


DATA FROM 


MEMORY | — r озу 


| T 
| ый КА i ' | DSU 
| #2 IS SHOWN FOR REFERENCE ONLY AND IS NOT AVAILABLE EXTERNAL TO THE DEVICE. 


"ИО PORT INITIALIZATION TIMING 


г, RES E | 8 92 CLOCK CYCLES MINIMUM 


UE 


44 | поболе СЕЗ | 
170 X : 


_ PORTS |  яввоол АА 


ЁЎ RES TRANSITION WINDOW 


DON'T CARE STATE 
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ELECTRICAL CHARACTERISTICS 
(Мес = 5.0 = 5%, Vss = 0, Ta = 25°С) 


Input High Threshold Voltage | 
00-07 


Input Low Threshold Voltage 
00-07 


Three-State (ОН State) Input Current 
| (У = 0.4 to 2.4V, Усс = 5.25V) 
00-07 | 


Output High Voltage B 
(loan = 100и Адс, Voc = 4.750) 
00-07, А0-А11, ОЕ 


Output Low Voltage 
(Поло = 1.6 mAdc, Мес = 4.75М) 
00-07, А0-А11, ОЕ 


Power Dissipation а 


Capacitance uh LINE 
(Vi, = 0, T, = 25°C, f = 1 MHz) 

00-07 

А0-А11 


VO Port Pull-up Resistance 


PACKAGE DIMENSIONS 


40-PIN BACKPACK 


-- 0.050 1.020 
1.220 MAX 


0.530 SQ. .. 
MAX 


0.050 4.015 —| |+ 


BOTH ENDS --- |- 0.100 +.010 ТУР. 


. 
5--------------------------- 
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Rockwell 


R6500/11 AND R6500/12 
ONE-CHIP MICROCOMPUTERS 


R6500/11- R6500/12 


SECTION 1 | 
INTRODUCTION 


1.1 FEATURES OF THE R6500/11 & /12 
Enhanced 6502 CPU 


— Four new bit manipulation instructions: 
Set Memory Bit (SMB) 
Reset Memory Bit (RMB) 
Branch on Bit Set (BBS) 
Branch on Bit Reset (BBR) 


— Decimal and binary arithmetic modes 
—13 addressing modes 

—True indexing 

3K-byte mask-programmable ROM 
192-byte static RAM 

32 TTL-compatible I/O lines (R6500/11) 
56 TTL-compatible I/O lines (R6500/12) - 


One 8-bit port may be tri-stated under software control 
Опе 8-bit port with programmable latched input 


Two 16-bit programmable counter/timers, with latches 
— Pulse width measurement | 
—Asymmetrical pulse generation 

— Pulse generation 

— тема timer 

— Event counter 

— Retriggerable interval timer 

Serial port - 

—Full-duplex asynchronous operation mode 

— Selectable 5- to 8-bit characters 

—Wake-up feature 

— Synchronous shift register mode 


^ —Standard programmable bit rates, programmable up to 


62.5K bits/sec @ 1 MHz 
Ten interrupts 
—Four edge-sensitive lines; two positive, two negative 
— Reset 
—Non-maskable 
— Two counter underflows 
— Serial data received 
— Serial data transmitted 


e Bus expandable to 16K bytes of external memory 


Flexible clock circuitry. | 

--2-МН2 or 1-МН2 internal operation 

— Internal clock with external 2 MHz to 4 МН2 series 
resonant XTAL at two or four times internal frequency 

— External clock input divided by one, two or four 

14$ minimum instruction execution time @ 2 MHz 

NMOS-3 silicon gate, depletion load technology 

Single +5V power supply | 

12 mW stand-by power for 32 bytes of the 192-byte НАМ 

40-pin DIP (R6500/11) 

64-pin QUIP (R6500/12) 


1.2 SUMMARY 


The Rockwell R6500/11 or R6500/12 is a complete, high-per- 
formance 8-bit NMOS-3 microcomputer on a single chip, and 
is compatible with all members of the R6500 family. 


The R6500/11 consists of an enhanced 6502 CPU, an internal 


clock oscillator, 3072 bytes of Read-Only Memory, 192 bytes 
of Random Access Memory (RAM) and versatile interface cir- 


‘сийгу. The interface circuitry includes two 16-bit programmable 


timer/counters, 32 bidirectional input/output lines (including four 
edge-sensitive lines and input latching on one 8-bit port), a full- 
duplex serial I/O channel, ten interrupts and bus expandability. 


The R6500/12 consists of all the features of the R6500/11 plus 
three additional I/O ports. It is packaged in а 64 рт ОПІР. 


The innovative architecture and the demonstrated high perfor- 
mance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of com- 
putational power. These features make either device a leading 
candidate for microcomputer applications. 


To allow prototype circuit development, Rockwell offers a 
PROM-compatible 64-pin extended microprocessor device. This 
device, the R6511Q, provides all R6500/11 interface lines, plus the 
address bus, data bus and control lines to interface with external 
memory. With the addition of external circuits it can also be used to 
emulate the R6500/12 (contact Rockwell offices for details). 


i и — — 


Document No. 29651N23 


Product Description Order No. 2119 
Rev. 3, March 1984 


R6500/11 and R6500/12 


A backpack emulator, the R65/11EB, is available for devel- 


oping R6500/11 applications. No backpack part is available 


for the R6500/12. 


The R6511Q may also be used as a СРИ-ВАМ-/О соитег 
. device іп multichip systems. 


Rockwell supports development of the devices with the 
System 65 Microcomputer Development System and the 
R6500/* Family of Personality Modules. Complete in-circuit 
emulation with the R6500/« Family of iius! Modules 
allows total system test and evaluation. 


This product description is for the reader familiar with the 
R6502 CPU hardware and programming capabilities. A 
detailed description of the R6502 CPU hardware is included 
in the R6500 Microcomputer System Hardware Manual (Order 
Number 201). A description of the instruction capabilities of 
the R6502 CPU is contained in the R6500 Microcomputer 
System Programming Manual (Order Number 202). 
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1.3 CUSTOMER OPTIONS 


The R6500/11 microcomputer is available with the following 
customer specified mask options: / К 


Crystal ог ВС oscillator | 

Clock divide by 2 or 4 | - | 

Clock MASTER Mode ог SLAVE Mode 

Port A with or without internal pull-up resistors 
Port B with or without internal pull-up resistors 
Port C with or without internal pull-up resistors 


Option 1 
Option 2 
Option 3 
Option 4 
Option 5 
Option 6 


All options should be specified on an R6500/11 order form. 
The R6500/1 2! is available with Пан о! іһе above options plus: | 


e Option 7 Port F with or without internal pull- up resistors 
e Option 8 Port G with or without internal pull-up resistors 


R6500/11 and R6500/12 One-Chip Microcomputers 


SECTION 2 
INTERFACE REQUIREMENTS 


This section describes the interface requirements for the single chip microcomputer devices. Figure 2-1 is the Interface Diagram for the 
devices, Figure 2-2 and Figure 2-3 show the mechanical outline and pin out configurations and Table 2-1 describes the function of each 
pin. Figure 3-1 has a detailed block diagram of the device which illustrates its internal functions. 


XTLO 
XTLI CLOCK 
| OSCILLATOR 
Var 
RES РАО-РА7 (PAO, РАТ, 
INTERRUPT | POSITIVE: PA2, PA3 
NMI LOGIC | | NEGATIVE EDGE DETECTS) 
Усс 
РВО-РВ7 (LATCHED INPUTS) 
Vss 
92 


05(РА0) (INPUT DATA STROBE)* 


PCO-PC7/(A0-A3, A12, 
Le 8 | R/W, A13, EMS) 
Ce»  PDo-PD7 
3072 x 8 — | (DATA/ADDR BUS (А4-А11)) 
ROM 


REGISTERS A << ———> CB (РА5) 


iir | SERIAL RECEIVE, SO (РАБ) 


COUNTER/LATCHES TRANSMIT _ 61 (РА7)* 
B REGISTERS 


PGo-PG7 QD | г» РЕО-РЕ7 


РОНТС PORTE 


LO ILLUD. 
LV ре 
Ше | 


PORT Е 


— 


R6500/12 


*MULTIPLEXED FUNCTION PINS 


Figure 2.1 Interface Diagram 
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<< 


0.310 МАХ 
(7.87 ММ) 


0.190 МАХ 
(4.82 ММ) : 0.100 MIN 
(2.54 MM) 


DOT OR NOTCH 0.155 MAX 
TO LOCATE (3.93 MM) 
PIN NO. 1 


e 0.010 MIN 


тосап 


T 1 V 40 

хти - (48.51 MM) 
#2 : (48.00 MM) 

PCO 

РС1 

РС2 

РСЗ : 

pea [8 | 2: | 


Pcs [9| 2.050 MAX 
; (51.30 ММ) 


19 EQUAL SPACES. . 
0.100 © TOL NONCUM. 
(2.54 MM) 


PD2 


(15.24 MM) (1.65 MM) 0.065 (0.55 MM) 0.022 
(1.01 MM) 0.040 (0.45 MM) 0.018 


10° МАХ 


0.600 TYP 
(15.87 MM) 


Figure 2-2. R6500/11 Mechanical Outline and Pin Out Configuration 


40 PIN DIP 


1.50 
(3.81 MM) 

iy. | 
} 

020 ТУР. === | 

(.508 MM) | | 

1.628 

(41.35 ММ) 

} 
| 
| | | 

050 REF 4 
680 (1.27 ММ) 020 ВЕР 
-«— (17.27 MM) TYP | Р 
.925 
<= (23.495 ММ) 
750 
тй мм) 
200 
(5.08 ММ) 
t 1 | i 
АЕ “6 
64 РІМ ОМІР 


Figure 2-3. Н6500/12 Mechanical Ош пе and Pin Out Configuration 
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Table 2-1. R6500/11 and Н6500/12 Pin Descriptions | 
| = Main power supply +5\ 


Separate power ріп for RAM. In the event that Vcc power is lost, this power retains 
RAM data. 


Signal and power ground (OV) 


Crystal or clock input for internal clock Saleen Also allows input: of А] clock 
signal if XTLO is connected to Vss, or X2 or X4 clock if XTLO is floated. 


Crystal output from internal clock oscillator. 
The Reset input is used to initialize the device. This signal must. not transition from 


low to high for at least eight cycles after Vcc reaches operaning range and the 
merna! oscillator is stabilized. | 


Clock signal output at internal frequency. 


NMI 25 | А negative going edge оп the Non-Maskable Interrupt signal requests that a non- 
: maskable interrupt be generated within the CPU. 


PAO-PA7 | - Four 8-bit ports used for either input/output. Each line of Ports A, B and C consist 

PBO-PB7 - of an active transistor to Vss and an optional passive pull-up to Усс. In the abbre- 

РСО-РС7 22 viated ог multiplexed modes of operation Рой C has an active pull-up transistor. 

PDO-PD7 - EN 2 Port D functions as either an 8-bit input or 8-bit output port. It has active pull-up 
| | | and pull-down transistors. 


PEO-PE7 | - | For the R6500/42, the 64 pin QUIP | version, three additional ports (24 lines) are 
О PFO-PF7 | | | 2 24- E provided. Each line consists of an active transistor to V ss. PFO- РЕ? and PGO-PG7 
PGO-PG7 | | аге bidirectional, and an optional passive pull-up to Усс is provided. РЕО-РЕ7 is 
| | outputs only with an active pull-up. All ports will source 100 натр». at 2.4v except 
port E (PEO-PE7) which will source 1 ma. at 1.5v. | 
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One-Chip Microcomputers 


|J SECTION3 = 
SYSTEM ARCHITECTURE 


This section provides a functional description of the devices. 
Functionally they consist of a CPU, both ROM and RAM 
memories, four 8-bit parallel I/O ports (seven in the 64-pin 
R6500/12), 
a mode control register, and an interrupt flag/enable dual 
register circuit. A block diagram of the system is shown in 
Figure 3-1. 


NOTE 


Throughout this document, unless specified otherwise, 
all memory or register address locations are Laid 
in hexadecimal notation. 


3.1 CPU LOGIC 


The internal CPU is a standard 6502 configuration with an 


8-bit Accumulator register, two 8-bit Index Registers (X and 


Y); an 8-bit Stack Pointer register, an ALU, a 16-bit Program 
Counter, and standard Instruction. register/decode and internal 
timing control logic. | i 


3.1.1 Keanua 


The accumulator is a general purpose 8-bit register that 
stores the results of most arithmetic and logic operations. In 


addition, the accumulator usually contains one of the two 


data words used in these operations. 


3.1.2 Index Registers 


There аге two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
-gram counter and thus obtain а new address—the sum of 
the program counter contents and the index register contents. 


When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address, 
and modifies the address from memory by adding the index 
register to-it prior to loading or storing the value of memory. 


Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 


3.1.3 Stack Pointer 


The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremiented under control of the micro- 
processor to perform stack manipulation in response to either 


user instructions, an internal IRQ interrupt, or the external - 


interrupt line NMI. The Stack Pointer must be initialized by 
the user program. 


The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may 
only be accessed from the top. The address of a memory 


a serial ИО port, dual counter/latch circuits, - | 
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location is stored (ог "pushed") anto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1. The Stack Pointer is then placed on the Address Bus, and 


data are read from the memory location 889785560. by the 
Pointer. 


The stack is located on zero page, i.e., memory locations 
OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 


3.1.4 Arithmetic And Logic Unit (ALU) 


All arithmetic and logic operations take place in the ALU, 
including incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 


for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 


into one of the storage registers or to external memory during 


the next cycle. 


| Each bit of the ALU has two inputs. These inputs can be tied 


to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. 


3.1.5 Program Counter 


The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 


3.1.6 Instruction Register and Instruction Decode 


Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register then decoded along with timing and 
interrupt signals to generate control signals for the various 
registers. 


3.1.7 Timing Control 


The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 
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3.1.8 Interrupt Logic 


Interrupt ірі logic controls the sequencing of three interrupts: 
RES, ММ! and IRQ. IRQ is generated by any one of eight 
г conditions: 2 Counter Overflows, 2 Positive Edge Detects, 


2 Negative Edge Detects, and 2 Serial Port Conditions. · 


3.2 NEW INSTRUCTIONS 


Е іп ада оп to the standard 6502. instruction set, four instruc- 
tions have been added to. the devices to simplify operations 
that previously required a read/modify/write operation. In 


Dr order for these instructions to be equally applicable to any 


VO ports, with or without mixed input and output functions, 
the VO ports have been designed to read the contents of the 
specified port data register during the Read cycle of the read/ 
· modify/write operation, rather than I/O pins as in normal read 


cycles. The added instructions and their format are explained | 


in the following subparagraphs. Refer to Appendix A for the | 


. Op Code mnemonic шашы matrix for these added 
instructions. | 


3. 2.1 Set Memory Bit (SMB m, Addr.) 


This instruction sets to "1" one of the 8-bit data field spécified 7 
Бу the zero page address (memory or /О port). The first byte 
of the instruction specifies the SMB operation and 1 of 8 bits. 
to be set. The second byte of the instruction designates Ж 


address (00- FF) of the byte ог УО port to be А upon. па 


3.2.2 Reset ИИИ Bit (RMB m, Addr.) 
This instruction is the same operation and format as SMB 
instruction except a reset to "0" of the bit results. 


3.2.3 Branch On Bit Set Relative (BBS m, Addr, 
DEST) z 


This instruction tests опе of 8 bits designated by a three bit К 


immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
ре tested within the zero page address range (memory ог 
I/O ports). The third byte of the instruction is used to specify 
the 8 bit relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
sequential instruction is executed. 


3.2.4 Branch On Bit Reset Relative En m, | 
| Addr, DEST) ја : 


This instruction is the same operation and format as the BBS | 


| instruction except that a branch takes place if the bit tested 
is a "0". | 
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3.3 READ-ONLY-MEMORY (ROM) 


· The ROM consists of 3072 bytes (ЗК) mask programmable | 
· memory with an address space from F400 to FFFF. НОМ. 


locations FFFA through FFFF are assigned for interrupt and- 
reset vectors. 


3.4 RANDOM ACCESS MEMORY (RAM) 


_ The RAM consists of 192 bytes of read/write memory with . 


an assigned page zero address of 0040 through OOFF. The 


- R6500/11 provides a separate power pin (Мал) which may.be 


used for standby power for 32 bytes located at 0040-005F. 
In the event of the loss of Мос power, the lowest 32 bytes of 
RAM data will be retained if standby power is supplied to the 
Var pin..If the RAM data retention is not required then Ма 
must be соппесіеа їо Vec. During operation Van must be at 
the Voc level. — 


For the RAM to retain data upon loss of М.с, Van must be 
supplied within operating range and RES must be driven low 
at least eight 02 clock pulses before Vec falls out of operating 
range. RES must then be held low while Усс is out of oper- 
ating range and until at least eight 02 clock cycles after Vec 
is again within operating range and the internal 02 oscillator 


- is stabilized. Мһһ must remain within Vec operating range 


during normal operation. When Усс is out of operating range, 
Уан must remain within the Var retention range in order to 
retain data. Figure 3 2 shows typical Мечата: 


_ ВАМ OPERATING МОРЕ НАМ RETENTION MODE 


| ти 
ә ko 


1 INITIAL APPLICATION OF Vcc AND Уд. 

2 LOSS OF Vcc, RAM ON STANDBY POWER. 

3 REAPPLICATION OF Усс. 

4 >882 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 
5 >8 2 CLOCK PULSES. 


Figure 3-2. Data Retention Timing ^. 
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3.5 CLOCK OSCILLATOR | 

Three customer selectable mask options are available for 

controlling the device timing. It can be ordered with à crystal 

or RC oscillator, a divide by 2 or divide by 4 countdown net- 

_ work and fot clock master mode or clock slave mode 
operation. 


For 2 MHz internal operations the divide by two option must 
be. specified. | 


А ге!егепсе frequency can be апатай with the on-chip 


oscillator using either an external crystal ог an external resistor 


depending on the mask option selected. The oscillator ref- 
erence frequency passes through an internal countdown net- 
work (divide by 2 or divide by 4 option) to obtain the internal 
operating frequency (see Figure 3-3a and 3-3b). The external 
crystal generated reference frequency is a preferred method 
since the resistor method can have tolerances approaching 
50%. 


| . Note: 
When operating at a 1 MHz internal frequency place 
. a 15-22 pf capacitor between XTLO and ground. 


Du ES ПХ! ћу = 1 MHz 
. for 2 MHz | 
| А -0 XTLO m = 2X fi 


a. Resistor Input 


XT и 
R6500/ 1 1 
XTLO 


fir = <2 MHz | 


2-6 MHz С) 


fexr = = 2Х ог 4X мт 


b. Crystal Input | 
Усс 
XTLI finr © 2 MHz 
| 8650011 Д | A 
fexr = 2X or 4X fy 
NC C] XTLO EXT iss INT 


XTU | 
R6500/11 
XTLO 


fint =1 or 2 MHz 


fexr = finr 
Vss - 
c. Clock Inputs 


Figure 3-3. Clock Oscillator Input Options 
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Internal timing can also be controlled by driving the XTLI pin 
with an external frequency source. Figure 3-3c shows typical 
connections. If XTLO is left floating, the external source is 
divided by the internal countdown network. However, if XTLO. 


is tied to Vss, the internal countdown network is bypassed 


causing the chip to пране а! ће frequency of the extemal | 
source. | | 


The operation described above assumed a CLOCK MASTER 
MODE mask option. In this mode a frequence source (crystal, 
RC network ог external. source) must be applied to the XTLI > 
and ХТЕО pins. 02 is a buffered output signal which closely | 
approximates the internal timing. When a common external 
source is used to drive multiple devices the internal timing | 
between devices as well as their 02 outputs will be skewed 
in time. If skewing represents a system problem it can be | 
avoided by’the Master/Slave connection and piles shown 
in Figure 3-4. | А 


One device is operated іп the CLOCK MASTER MODE апа 


. a second in the CLOCK SLAVE MODE. Mask options in the 


SLAVE unit convert the g2 signal into a clock input pin which 
is tightly coupled to the internal timing generator. As a result | 
the internal timing of the MASTER and SLAVE units are syn- 
chronized with minimum skew. If the 02 signal.to the SLAVE 
unit is inverted, the MASTER and SLAVE UNITS WILL 
OPERATE OUT OF PHASE. This approach allows the two ` 
devices to share external memory using cycle stealing 


techniques. 


6500/11 OR /12 


(OUTPUT CLOCK) _ 


INVERTER USED _ 
| WHEN SLAVE IS 
КА. | ТО ОРЕНАТЕ 
6500/11 OR /12 __ 1--1--1 OUT OF PHASE 
grt | WITH MASTER. 


(INPUT CLOCK) | 


Figure 3-4.  Master/Slave Connections 
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3.6 MODE CONTROL REGISTER (МСН) 


The Mode Control Register contains control bits for the mul- 
tifunction /O ports and mode select bits for Counter A and 
Counter B. Its setting, along with the setting of the Serial 
Communications Control Register (SCCR); determines the 

. basic configuration of the device іп any application. Initial- 
izing this register is one of the first actions of any software 
program. The Mode Control Register bit | is shown 
in dé 3-5. | 


Addr 0014 


0 Interval Timer 
| 0--- 1 Pulse Generation 
| 1 0 Event Counter 
Bus Mode Select 1 
0 О Interval Timer 
0 —— 1 Asymmetric Pulse Generation 
1 —— 0 Event Counter 
1 1 Retriggerable Interval Timer | 
. Port B Latch 


(0— Tri State High Impedance Mode) 


0—— X Normal — 
"o 1 — 0 Abbr. Bus | 
1— 1 Миха Bus ` 


. Figure 3-5. Mode Control Register 
The use of Counter A Mode Select is shown in Section 6.1. 
| The use of Counter B Mode Select is shown in Section 6.2. 
Тһе use of Port В Latch Enable is Shown in Section 4.4. 


The use of Port D in Tri-State Enable is shown in Section 
46. 


The use of Bus Mode Select is shown in Section 4.5 and 4.6. 


1 Pulse Width Meas. 
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3.7 INTERRUPT FLAG REGISTER (IFR) - 
АМО INTERRUPT ENABLE 
REGISTER (IER) 


An IRQ interrupt request can be initiated by any or all of eight 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
simultaneous interrupts will cause the IRQ interrupt request 
to remain active until ail Interruping conditions have been 
serviced and cleared. 


Тһе Interrupt Flag Register contains the information that 


" indicates which l/O or counter needs attention. The contents 


of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 
0010. The RMB X, (0010) instruction reads FF, modifies bit 
X to a "0", and writes the modified. value at address location 
0011. In this way IFR bits set to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. A logic На is’ ignored when writing to 
edge detect IFR bits. 


Each IFR bit has a corresponding bit in the Interrupt Enable ` 
Register which can бе зе! to a "1" by writing a "1" in the 
respective bit position at location 0012. Individual IER bits 
may be cleared by writing a "0" in the respective bit position, 
or by RES. If зе to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1. 


7В6500/11 апа R6500/12 


СО Тане 


РАО Positive 
Edge Detect 
PA1 Positive 


Edge Detect 
PA2 Negative . 
Edge Detect 
PA3 Negative 
_ Edge Detect 
Counter A 
 Underfiow Flag 
Counter B 
Џпдетом Flag 
Receiver 
с Flag 


Figure 3-6. Interrupt Enable and Flag Registers 


Table 3-1. теті Flag Register Bit Codes 


F UNCTION 


РАО Positive Edge Detect Рад— Зе! to à "1" " when a positive going edge is detected on PAQ. 
Cleared Бу RMB О (0010) instruction or by RES. “ 


PA1 Positive Edge Detect Flag—Set to a 1 when а. positive going edge is detected on РАТ. 
Cleared by RMB 1 (0010) instruction or by RES. 


PA2 Negative Edge Detect Flag—Set to.a 1 when a negative going edge is detected on PA2. 
Cleared by RMB 2 (0010) instruction or by RES. 


PA3 Negative Edge Detect: Flag—Set to 1 when a negative going edge is detected on PAS. 
Cleared by RMB 3 (0010) instruction or by RES. 


Counter A Underflow Flag—Set to al when Counter A underflow occurs. Cleared d by asin 
the Lower Counter A at location 0018, by writing to address location 001A, ог by RES. 


Counter B Underflow Flag—Set to a 1 when Counter B underflow occurs. ‘Cleared ј by reading 
the Lower Counter B at location 001C, by writing to address location 00ЛЕ, ог by RES. 


Receiver Interrupt Flag—Set to at when any of the Serial Communication Status Register bits 
0 through З is set to a 1. Cleared when the е Receiver Status БИз (SCSR uy are cleared or by 
RES. | 


Transmitter oru Flag —Set to a 1 when SCSR 6 is set to ат while SCSR 5i isa o or SCSR 
7 is setto a 1. Cleared when the Transmitter Status bits (SCSR 6 & 2) аге cleared or by RES. 
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3.8 PROCESSOR STATUS REGISTER | 


The 8-bit Processor Status Register, shown in Figure 3-7, 


contains seven status. flags. Some of these flags are con- ` 


trolled by the user program; others may be controlled both 
by the user's program and the CPU. The R6502 instruction 


set contains a number of conditional branch. instructions | 


which are designed to allow testing of these flags. Each of 


- the eight processor status flags is described in the шла д | 


sections. 


3. 8. 1 Carry Bit (C) 
.The Carry Bit (C) can be considered as the: ninth bit of an 


arithmetic operation. It is set to logic 1 if a carry from the 


eighth bit has occurred or cleared to logic 0 if no carry 
occurred as the result of arithmetic operations. 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. | 


3.8.2 Zero Bit 2. 


The Zero Bit (Z) is set to logic 1 D. the CPU ТК апу даш 
movement or calculation which sets all 8 bits of the result to 
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zero. This bit is cleared to logic O when the resultant 8 bits 


of a data movement or calculation operation are not all zero. 
The R6500 instruction set contains no instruction to specifi- 
.cally set or clear the Zero Bit. The Zero Bit is, however, 
- affected by the following instructions; ADC, AND, ASL, BIT, 


CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 


. SBC, TAX, TAY, ТХА, TSX, and TYA. 
3.8.3 Interrupt Disable Bit (І) 


The Interrupt Disable Bit (I) is used to control the servicing 
of an interrupt request (IRQ). If the | Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1, the 
IRQ signal will be ignored. The CPU will set the Interrupt 
Disable Bit to logic 1 if a RESET (RES), IRQ, or Non- Mask- : 
able Interrupt (NMI) signal is detected. | 


. The I bit is cleared by the Clear Interrupt Mask Instruction 


(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit is set by the BRK Instruction. The Return from Inter- 
rupt (АТ!) and Pull Processor Status (PLP) instructions will 


. also affect the | bit. 


7 6 5 4 3 2 1 0 


E 


NOTES | 
© Not initialized by RES 


‚ (2) Set to Logic 1 by RES 


CARRY (С) (Т) 


1 = Carry Set 
0 = Carry Clear. 


ZERO (2)(1) 


1 = Zero Result 
0 = Non-Zero Result 


— INTERRUPT DISABLE (I) 2) 


1 = IRQ Interrupt Disabled 
0 - IRQ Interrupt Enabled 


DECIMAL MODE (D)(1) 


1 - Decimal Mode 
0 - Binary Mode 


BREAK COMMAND (В)(7) 


1, - Break Command | 
0 - Non Break Command 


OVERFLOW (0)(1) . 


1 = Overflow Set 
0 = Overflow Clear 
NEGATIVE (М) (Т) 


1= Negative Value 
0- Postive Value 


Figure 3-7. Processor Status Register 
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. 3.8.4 Decimal Mode Bit (D) 


The Decimal Mode Bit (D), is used to control the arithmetic 


mode of the CPU. When this bit is set to Іодіс 1, the adder 


operates as a decimal adder. When this bit is cleared to logic 


0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the prógrammer. The Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction will clear it. The PLP and RTI instruc- 
tions also effect the Decimal Mode Bit. 


ща CAUTION 
Тһе Decimal Mode Bit will either set or clear in ап | 
. . unpredictable manner upon power application. This bit 


must be initialized to;the desired state by the user pro- 
gram or erroneous results may occur. 


3.8. 5 Вгеак Bit B 


_ Тре Break Bit Bit (B) is used to determine the condition which 
. caused the. ІНО service routine to be entered. If the ТКО ser- 
vice routine was entered because the CPU executed a BRK 


command, the Break Bit will be set to logic 1. If the IRQ rou-: 


tine was entered as the result of an IRQ signal being gen- 


erated, the B bit will be cleared to logic 0. There. are по 


instructions which can set or clear this bit. 


73.8.6 Overflow Bit (V) 


| The Overflow Bit (V) is used to indicate that the result ofa 


signed, binary addition, or subtraction, operation is a value 
. that cannot be contained in seven bits (-128 < п = 127). 
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Е This indicator only has meaning when signed arithmetic (sign | 
сапа seven magnitude bits) is performed. When the ADC or 
“ SBC instruction is performed, the Overflow Bit is set to logic 


1 if the polarity of the sign bit (bit 7) is changed because tlie 
result exceeds +127 ог —128; otherwise the bit is. cleared 
to logic 0. The V bit may also be cleared by the programmer 


using a Clear Overflow (CLV) instruction. 


The Overflow Bit may also be used with the BIT instruction. 


The BIT instruction which may be used to sample interface 


. devices, allows the overflow flag to reflect the condition of bit. 


6 in the sampled field. During a BIT instruction the Overflow. 
Bit is set equal to the Content of the bit 6 on the data tested. 
with BIT instruction. When used in this mode, the overflow 
has nothing. to do with signed arithmetic, but is just another " 


sense bit for the microprocessor. Instructions which affect the 
м flag are ADC, BIT, CLV, PLP, RTI and SBC. | - 


3.8. 7 Медануе Ви (М) 


The Negative Bit (М) is used to indicate that the sign bit (bit 

7), in the resulting value of a data movement or data arith- 
metic operation, is set to logic 1. If the sign bit is set to logic. 
1, the resulting value of the data movement or arithmetic d 


operation is negative; if the sign bit is cleared, the result of | 


the data movement or arithmetic operation is positive. There, | 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The 
instructions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY; TSX, TXA, and TYA. 
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еи | SECTION 40 Е 
| PARALLEL INPUT/OUTPUT PORTS 


озы The R6500/11 has 32 V/O lines grouped. into four 8- bit ports 
+ (РА, PB, PC, and PD). Ports A through C may be used either - 
27224 for input or output individually or in groups of any combina- 
ша tion. Port D may be used as all inputs or all outputs. ` 


The 8650012, а 64 pin QUIP device, has three additional 


г ports: PE, PF and PG. РЕ 5 ве only; PF апа PG are 
bidirectional. 


. Multifunction /О'ѕ such as Port A and Port C are protected 
‚ пот normal port ИО instructions when they are о Programmed | 


to perform a multiplexed function. 


~ Internal pull-up resistors (FETs with an impedance range of FX 
_ЗК < Rpu « 12K ohm) may be provided оп а! port pins Ж 


ехсерї Port D and E: asa mask option. 


The direction of the Vo lines are controlled by four 8-bit por T. 


registers located in page zero. This arrangement provides. 


quick programming access using simple two-byte zero page 
address instructions. There are no direction registers asso- 
ciated with the /О ports, which simplifies VO handling. The 
/О addresses are shown in Table 4-1. Section E.6 shows 
the /О Port Timing. 


Table 4-1. ШО Port Addresses 


Address 


4.1 INPUTS 


` Inputs for Ports А, B, and C and also Ports Е апа G of the : 


R6500/12 are enabled by loading logic 1 into all I/O port reg- 


 ister bit positions that are to correspond to I/O input lines. А. 


low («:0.8V) input signal will cause a logic 0 to be read when 
a read instruction is issued to the port register. A high (>2.0V) 
input will cause a logic 1 to be read. An RES signal forces 
all /О port registers to logic 1 thus initially treating all /О 
| lines as inputs. 
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‚Рой О may only be all inputs or all outputs. All inputs. is 


selected by setting bit 5 of the Mode Control поене МЕГЕ) 
to a “0”. | | | 


Тће status of the input lines can be interrogated at any time 
by reading the ИО port addresses. Note that this will return 


—the actual status of the input lines, not the Gala written into 


the О port registers. 


Read/Modify/Write instructions can be used to modify the. 
operation of PA, PB, PC, & PD and also ports PF and PG 


> of the R6500/12. During the Read cycle of a Read/Modify/ 
Write instruction the: Port ИО. register is read. For all other 
: read instructions the port input lines are read. Read/Modify/ 

. Write instructions are: ASL, DEC, ANC, LSR, RMB, ROL, 
ROR, and SMB. 


4.2 OUTPUTS 


Outputs for Ports A thru D and Ports E thru G of the R6500/ 
12 are controlled by writing the desired I/O line output states 
into the corresponding УО port register bit positions. A logic 
1 will force a high (>2.4V) output while a logic 0 will force 
a low (<0.4V) output. 


Port D all outputs is selected by setting МСР5 to a "1". 
Port E is always all outputs. | 


4.3 PORT A (PA) 


Port A can be programmed via the Mode Control Register | 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, I/O port 


. ог as serial channel /О lines, counter /О lines, or an input 
. data strobe for the Port B input latch option. Table 4-2 tab- 
_ulates the control and usage of Port A. 


In addition to their normal I/O functions, РАО and РА1 can 
detect positive going edges, and PA2 and РАЗ can detect 
negative going edges. A proper transition on these pins will | 
set a corresponding status bit in the IFR and generate ап | 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detected is one- 
half the 02 clock rate. Edge detection timing is shown in Sec- 
tion E.5. 
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Table 4-2. Port A Control & Usage 


| 


РАО (2) РАО Пе) PORT В INPUT (1) 
| LATCH STROBE 


PA1 (2) 


РА2 (3) 


PA3 (3) 


SCCR7 = 0 
SCCR6 = 0 
MCR1 = 1 


- |RCVR S/R MODE = 0 
(4) (5) 


PAS YO CNTA OUTPUT INPUT (1) 


. SERIAL ИО SHIFT REGISTER CLOCK 


SCCR7 = 1 RCVR S/R MODE = 1 
SCCRS = 1 (4) 


E - 2E SIGNAL | SIGNAL 0-0 | 
.XMTR CLOCK .. _ OUTPUT RCVR CLOCK INPUT (1) 


| -COUNTER B I/O 


| 
=1 | MCR2 = X 


Notes: 

(1) Hardware Buffer Float 

(2) Positive Edge Detect 

(3) Negative Edge Detect | 

(4) ВСМА S/R Mode = 1 when 
SCCR6 • SCCR5 + SCCR4 = 1 

(5) For the following mode combina- 
tions PA4 is available as an input 


SIGNAL 


only pin: 
SCCR7:SCCRe-SCCR5.MCR1 
Т SERIAL І/О + ВССА7 6 ССВ6ВССВ4 МСА. 
РА? /О АСУВ INPUT + SCCR7SCCRe-SCCR5S | 


+ SCCR7SCCRSSSCCRA* 


ЕМЕН || SCCR6 = 0 ‚ SCCR6 = 1 
| SIGNAL — | SIGNAL | 
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4.4 PORT B (PB) 


Рогі B can be programmed as an 8 bit, bit independent I/O 
port. It has a latched input capability which may be enabled 
or disabled via the Mode Control Register (MCR). Table 
4-3 tabulates the control and usage of Port В. An Input Data - 
Strobe signal must be provided thru PAO when Port B is pro- | 
grammed to be used with latched input option. Input data . 
latch timing for Port В is shown in Section Е:5. - 


Table 4-3. Port B Control & Usage 


| 
Name | турто) Туре 


| (1) Resistive pull-up, active buffer pull down | | 
(2) Input data is stored in port B latch Бу РАО pulse 
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| Latch | 
ИО Mode Моде | 
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4.5 PORT C (РС) | 


. Port C can be programmed as an I/O port and in conjunction 


with Port D, as an abbreviated bus, or as a multiplexed bus. 
When used in the abbreviated or multiplexed bus modes, 
PCO-PC7 function as А0-АЗ, A12, R/W, A13, and EMS, 
respectively, as shown in Table 4-4. EMS (External Memory 
Select) is asserted (low) whenever the internal processor 
accesses memory area between 0100 and ЗҒҒҒ. (See 


_ Memory Map, Appendix В). The leading edge of EMS тау 


be used to strobe the eight address lines multiplexed on Port 
D in the Multiplexed Bus Mode. See Appendix Е.З through 
E.5 for Port C timing. = | 


4.6 PORT D (PD) 

Port D can be programmed as ап /О Port, an 8-bit tri-state 
data bus, or as a multiplexed bus. Mode selection for Port 
D is made by the Mode Control Register (MCR). The Port D 
output drivers can be selected as tri-state drivers by setting 


г bit 5 of the MCR to 0 (zero). Table 4-5 shows the necessary 
- settings for the MCR to achieve the various modes for Port 


D. When Port D is selected to operate in the Abbreviated 
Mode PDO-PD7 serves as data register bits 00-07. When 


Port D is selected to operate in the Multiplexed Mode data 
bits DO through D7 are time multiplexed with address bits A4 
.. through A11, respectively. Refer to the Memory Maps 
° (Appendix C) for Abbreviated and Multiplexed memory 


assignments. See Appendix E.3 through E.5 for Port D timing. 


4.7 PORT E, PORT F AND PORT G (PE, 
PF & PG) R6500/12 ONLY 


Port E only operates in the Output mode. It provides a Dar- 
lington output that can source current at the high (1) level. 
Port F and Port G operate identicaly and can be pro- 
grammed as bidirectional УО ports. They have standard 
output capability. See Appendix E.5 for Port E, F & Port G 
timing. 
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/О Моде 


| MCR7 = 0 
МСН6 = Х 
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Table 4-4. Port C Control and Usage 


OUTPUT 
OUTPUT 


OUTPUT 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


Multiplexed | 
_ Mode 


MCR7 


1 
1 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


OUTPUT _ OUTPUT 


(1) Resistive Pull-Up, Active Buffer Pull-Down 
(2) Active Buffer Pull-Up and Pull-Down 


Table 4-5. Port D Control and Usage 


| Sm! | — Signa — | _ Signal | Signa | — Signé — | 


туре () туре (а туре (a) | Name | Type @ | Мате | Type @)_ 


PDO 
РО! 
PD2 
PD3 
PD4 
PDS 
PD6 
PD7 


(2) Tri-State Buffer 15 т Active Mode 


OUTPUT 
OUTPUT 
OUTPUT 


- OUTPUT 


OUTPUT 
OUTPUT 


-OUTPUT 
_ OUTPUT 


(1) Tri-State Buffer is іп High Impedance Mode | 


(3) Tri-State Buffer is in Active Mode Only During the Phase 2 Portion of a Write Cycle | _ 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
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SECTION 5 


SERIAL INPUT/OUTPUT CHANNEL 


The device provides a full duplex Serial УО channel with pro- 
grammable bit rates and operating modes. The serial /О 
- functions are controlled by the Serial Communication Control 
Register (SCCR). The SCCR bit assignment is shown in 
Figure 5-1. The serial bit rate is.determined by Counter A 
for all modes except the Receiver Shift Register (RCVR 
S/R) mode for which an external shift clock must be provided. 
. The maximum data rate using the internal clock is 62.5K bits 

| per second (@ #2 = 1 MHz). The transmitter. (XMTR) and 
receiver (RCVR) can be independently programmed to 
operate in different modes and can be independently ena- 
bled or disabled. | 


0-- Odd Parity 
1--Еуеп Рату 
0 Parity Disable 
1 Parity Enable 
0—8 Bits/Char . 


1—7 Bits/Char 


0~ 6 Bits/Char 
1~ 5 Bits/Char 


0 ХМТА & RCVR ASYN Mode 
1 XMTR ASYN, RCVR S/R 
X XMTR S/R, RCVR ASYN 


0 RCVR Disable 
1 RCVR Enable 


0 XMTR Disable 
1 XMTR Enable 


Figure 5-1. Serial Communication Control Register 


Except for the Receiver Shift Register Mode (RCVR S/R), all 
XMTR and RCVR bit rates will occur at one sixteenth of the 
Counter A interval timer rate. Counter А is forced into an 
interval timer mode whenever the serial I/O is enabled in a 
mode requiring an internal clock. 


Whenever Counter A is required as a timing source it must 
be loaded with the hexadecimal code that selects the data 
rate for the serial /О Port. Refer to Counter A (paragraph 
. 6.1) for a table of hexadecimal values to represent the desired 
data rate. 


5.1 TRANSMITTER OPERATION (XTMR) 


The XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 


nications. Control Register (SCCR). The transmitter, when in - 


the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
the transmitted data. A word of transmitted data (in asyn- 
chronous parity. mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are in Figure 5-2. When parity is dis- 
abled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 
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ASYNCHRONOUS MODE WITHOUT PARITY 


ASYNCHRONOUS MODE WITH PARITY 


8-BIT DATA 


1 1 
PARITY| STOP 


2 STOP 


7-ВІТ DATA | PARITY 


SHIFT REGISTER MODE 8-BIT DATA 


м-1 | WORD M | WORD M + 1 


SHIFT REGISTER CLOCK (PA4) 


Tx TEC: АЦА АРА ee ds eos 


Figure 5-2. Transmitted Data Modes 


In the S/R mode, eight data bits are always shifted out. Bits/ 


character and parity control bits are ignored. The serial data 


is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO output and shift clock are held 
in a high state. | | 


The XMTR Interrupt Flag bit (IFR7) is controlled by Serial 
Communication Status Register bits SCSR5, SCSR6 апа. 
SCSR7. | | 

22 ЕР7 = SCSR6 (56585 + 56587) 


5.2 RECEIVER OPERATION (RCVR) 


The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1." In the ASYN mode, 
data format must have a start bit, appropriate number of data 
bits, a parity bit (if enabled) and one stop bit. Refer to par- 
agraph 5.1 for a diagram of bit allocations. The receiver bit 
period is divided into 8 sub-intervals for internal synchroni- 
zation. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
of each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 
if the start bit signal is less than one-nalf the bit time after a 
low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will set the appropriate status bits, and any of 
the above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1. | 
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Serial 
Input 


Stop ВЕ Stop Bit - 


Start Bit LSB 


internal 
Shift 
Clock 


Жолан qur qued: 


* Зепа! Input Data Shifted in 


Figure 5-3. ASYN Receive Data Timing 


In the S/R mode, an external shift clock must be provided at 
CA (РА4) pin along with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 


Serial 
Input 


External 


* Serial Input Data Shifted In 
** Serial Output Data Makes Transition 


Figure 5-4. S/R Mode Timing 


A RCVR interrupt (IFR6) is generated whenever any of 
SCSRO-3 are true. 


5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) 


The Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
‘end-of-transmission condition, and a receiver idle line con- 
dition (Wake-Up Feature). The SCSR bit assignment is shown 
in Figure 5-5. Bit assignments and functions of the SCSR are 
as follows: 


. SCSRO: peceiver Data Register Full—Set to a logic 1 when 
a character is transferred from the Receiver Shift 
Register to the Receiver Data Register. This bit is 
cleared by reading the Receiver Data Register, or 

. by RES and is disabled if SCCR6 = 0. The SCSR 
0 bit will not be set to a logic 1 if the received data 
contains an error condition, instead, а согге- 
sponding error bit will be set to a logic 1. 


Over-Run Error — Set to a logic 1 when a new char- 
acter is transferred from the Receiver Shift Reg- 
ister, with the. last character still in the Receiver 

Data Register. This bit is cleared red by reading the 
Receiver Data Register, or by RES. 


SCSR 1: 


SCSR 2: Parity Error—Set to logic 1 when the RCVR is in 


the ASYN Mode, Parity Enable bit is set, and the 
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received data has a parity error. This bit is cleared 
by reading the Receiver Data Register or by RES. 
Framing Error —Set to a logic 1 when the received 
data contains a zero bit-after the last data or parity 
bit in the stop bit slot. Cleared by reading the 
Heceiver Data Register or by RES. (ASYN Mode 
only). 

Wake-Up —Set to a logic 1 by writing a "1" in bit 
4.of address: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 1's. When the Wake-Up bit is set 
SCSRO through 52583 are inhibited. 


End of Transmission —Set to a logic 1 by writing 
a "1" in bit position 5 of address: 0016. The End 
of Transmission bit is cleared by RES or upon 
writing a new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. 


Transmitter Data Register Empty —Set to a logic 
1 when the contents of the Transmitter Data Reg- 
ister is transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 

Transmitter Under-Run — Set to a logic 1 when the 
last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data: Register Empty Bit is set. Cleared by 
a transfer of new data into the Transmitter Shift 
Register, or by RES. | 


SCSR 3: 


SCSR 4: 


SCSR 5: 


SCSR 6: 


SCSR 7: 


RCVR Data 
Reg Full | 
RCVR Over-Run 


Parity Error 
Frame Error 
Wake-Up 
End of Transmission 
С XMTR Data Reg Empty 


— XMTR Under-Run 


Figure 5-5. SCSR Bit Allocation 
5.4 WAKE-UP FEATURE 


In a multi-distributed microprocessor or microcomputer 
applications, a destination address is usually included at the 
beginning of the message. The Wake-Up Feature allows 
non-selected CPU's to ignore the remainder of the message 
until the beginning of the next message by setting the Wake- 
Up bit. As long as the Wake-Up flag is true, the Receiver 
Data Register Full. Над remains false. The Wake-Up bit is 
automatically cleared when the receiver detects a string of 
eleven consecutive 1's which indicates an idle transmit line. 
When the next byte is received, the Receiver Data Register 
Full Flag signals the CPU to wake-up and read the received 
data. 
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. ЗЕСТЮМ 6 _ 
COUNTER/TIMERS 


The device contains two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the 
counters. Counter A has one 16-bit latch and Counter B has 
two 16-bit latches. Each counter can be independently pro- 
grammed to operate in one of four modes: 


Counter А | ‚ Counter В 
E Pulse width | e Retriggerable Interval Counter 
measurement . e Asymmetrical Pulse 
е Pulse Generation Generation 
e Interval Timer e Interval Timer 
Event Counter 


e Event Counter e 


Operating modes of Counter A and Counter B are controlled 


by the Mode Control Register. All counting begins at the - 


initialization value and decrements. When modes are selected 
.. requiring a counter input/output line, PA4 is automatically 
- selected for Counter A and РАБ 5 олау selected for 
Counter. B (see Table. 4. 2 


6.1 COUNTER A | 
Counter А consists of à 16-bit counter and a 16-bit latch 
Не as follows: Lower Counter A (LCA), Upper Counter 
А (ОСА), Lower Latch A (LLA), and Upper Latch A (ULA). 
The counter contains the count of either 02 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001A or location 0018 for the Lower Counter A. 
А read at location 0018 also clears the Counter A Underflow 
Flag ЦЕНА 


Тће 1 6-5 latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch A а location 0019 and the Lower Latch А at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. 


Counter A can be started at any time by writing to address: 
001A. The contents of the accumulator will be copied into the 


COUNTER UNDERFLOW 


| сотен 3 БЕС 1 т 


COUNTER INTERRUPT ENABLED, | | » 


5-27 SET ANY TIME BEFORE 


"COUNTER UNDERFLOW FLaG COUNTER UNDERFLOW | 


Figure 6-1. interval Timer Timing Diagram 
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Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter A is set to the latch value 
whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch 
value, not FFFF, and the Counter A Underflow Flag (IFR 4) 
will be set to "1". This bit may be cleared by reading the 
Lower Counter A at location. 0018, by writing to address 
location 001A, or by RES. | 


- Counter A operates in: any of four modes. These modes аге 


selected by the Counter A Mode Control bits in the Control 
Register. 


. Interval Timer 00 


Pulse Generation 
. -Event Counter 
Е Pulse. Width Measurement 


The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are 02 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 


6.1.1 Interval Timer 


In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditons: 


1. When the Counter i is decremented from 0000, the next 
Counter value is the Latch value (not ҒҒҒЕ). 


2. Whena write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 


The Counter value is decremented by one count at the 02 
clock rate. The 16-bit Counter can hold from 1 to 65535 


. counts. The Counter Timer capacity is therefore 15 to 65.535 


ms at the 1 MHz 02 clock rate or 0.5 us to 32.767 ms at the 
2 MHz 02 clock rate. Time intervals greater than the max- 
imum Counter value can be easily measured by counting 
IRQ interrupt requests in the counter IRQ interrupt routine. 


» When Counter A decrements from 0000, the Contr A 


Underflow (IFR4) is set to logic 1. If the Counter A Interrupt 
Enable Bit (IER4) is also set, an IRQ interrupt request will be 
generated. The Counter A Underflow bit in the Interrupt Flag 


Register can be examined in the IRQ interrupt routine to 


determine that the IRQ was ее by ће Counter А 
Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as а PA ИО bit. 


A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1. 


6.1.2 Pulse Generation Mode 


In the Pulse Generation mode, the CA line operates as a 
. Counter Output. The line toggles from low to high or from 
high to low whenever a Counter A Underflow occurs, ог a 
_ Write is 5 performed to address 001A. 


The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to 001A. 


Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 


A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 


6.1.3 Event Counter Mode 


In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the 02 clock rate. 


The Counter can count up to 65,535 occurrences before 
underflowing: As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 


Figure 6.2 is a timing diagram of the Event Counter Mode. 


ITeosu = 
г " P Am E | 
CNTR | 
= E | 
| 
| 
| 
| 


| 
| 
| 
| 
| 


Figure 6-2. Event Counter Mode 


6.1.4 Pulse Width Measurement Mode 


This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at the 02 clock rate as long as the CA line is held іп 


.the low state. The Counter is stopped when CA is in the high | 


state. 
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The Counter A underflow flag will be set only when the count. 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 


. ofthe CA line can be determined by testing the state of PA4. 


A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3. 


Figure 6-3. Pulse Width Measurement 


6.1.5 Serial VO Data Rate Generation 


Counter A also provides clock timing for the Serial 1/O which 


establishes the data rate for the Serial /О port. When the 


-Serial /О is enabled, Counter А is forced to operate at the 


internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter ИО (PA4) may also be required to 
support the Serial ИО (see Table 4-2). 


Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a 02 clock rate of 1 MHz 
and 2 MHz. Although Table 6- 1 identifies only the more 
common data rates, any data rate from 1 to 62. 5К pps can 
be selected by using the formula: 


02 
N= c = 
16 x bps 
where 
N = decimal value to be loaded into Counter A using 


its hexadecimal equivalent. 
= the clock frequency (1 МН2 ог 2 ын) 
= the desired data гаје. 


S 
№ 
| 


c 

©: 

o = 
| 


МОТЕ 


In Table 6-1 you will notice that the standard data rate 
and the actual data rate may be slightly different. 


Transmitter and receiver errors of 1.596 or less are 
‚ acceptable. A revised clock rate is included in Table 
6-1 for those baud rates which fall outside this limit. 


6500/11 апа 6500/12 


Counter A Values for Baud Rate Selection 


Clock Rate 
Needed - 
To Get 

Standard | 

! Baud Rate 


. Table 6-1. 


Standard | 
| Baud - 


50.00 |1.0000 
74.99 | 1.0000 
110.04 | 1.0000 
150.06 | 1.0000 
300.48 · 299.76 | 1.0000 
600.96 600.9611.0000 
1201.92 1201.92 | 1.0000 
2403.85 . 2403.85 | 1.0000 
3676.47 3676.47 | 0.9792 
4807.69 4807.69 | 1.0000 
6944.44 7352.94 1.0368 
‘8928.57 9615.38 | 1.0752 


110.04 
' 149.88 


6.2 COUNTER B 


Counter B consists of. a 16-bit counter and two 16-bit latches 


organized as follows: Lower Counter B (LCB), Upper Counter 
B (UCB), Lower Latch B (LLB), Upper Latch B (ULB), Lower 


Latch С (LLC), and Upper Latch С (ULC). Latch C is used. 
only in the asymmetrical pulse generation mode. The counter. 
contains the count of either 02 clock pulses or external 
events depending on the counter mode. selected. The con- 
tents of Counter B may be read any time by executing a read 


at location 001D for the Upper Counter B and at location 
001E or 001C for the Lower Counter B. A read at location 
001C also clears the Counter B Underflow Flag. 


Latch B contains the counter initialization value, and can be 
loaded at any time by executing a write to the Upper Latch 


B at location 001D and the Lower Latch B at location 001C.. 


In each case, the contents of the accumulator are copied into 
the applicable latch register. 


Counter B can be initialized at any time by writing to address: 
001E. The contents of the accumulator is copied into the 
Upper Latch B before the value in tħe 16-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
‘value and the Counter B Опдетом Flag bit (IFR5) will be set 
to а "1" whenever Counter B underflows by decrementing 
from 0000. | 


IFR 5 may be cleared by reading the Lower Counter В at 
location 001C, by writing to address location 001Е, ог by 
RES. 


Counter B operates in the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. 
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6.2.1 Retriggerable Interval Timer Mode 


When operating in the Retriggerable Interval Timer mode, 
Counter B is initialized to the latch value by writing to address 
001Е, by a Counter B underflow, or whenever a positive edge 
occurs on the CB pin (РА5). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illusttates the operation. 


LATCH VALUE 


‚ COUNTER | 
UNDERFLOWS 


RESET BY 
4*7 SOFTWARE 


Figure 6-4. Counter B Retriggerable Interval Timer Mode 
6.2.2 Asymmetrical Pulse. Generation ‚Моде 


Counter B has a special Asymmetrical Pulse Generation 


. Mode whereby a pulse train with programmable pulse width 


and period can be generated without the processor interven- 


tion once the latch values are initialized. 


In this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as D in the following descriptions). The 16-bit Latch C is 
initialized with a value which corresponds to the desired 
pulse width (referred to as P in the following descriptions). 
The initialization sequence for Latch B and C and the starting 
of a counting sequence are as follows: 


1. The lower 8 bits of Р are loaded into LLB by wing to 
address 001C, and the upper 8 bits of P are loaded 
into ULB and the full 16 bits are transferred to Latch 
C by writing to address location 0010. At this point 
both Latch B and Latch C contain the value of P. 


2. The lower 8 bits of D are loaded into LLB by writing to 
address 001C, and the upper 8 bits of D are loaded 
into ULB by writing to address location 001Е. Writing 
to address location 001E also causes the contents of 
the 16-bit Latch B to be downloaded into the Counter 
B and causes the CB output to go low as shown in 
Figure 6-5. 


3. When the Counter B underflow occurs the contents of 
the Latch С is loaded into the Counter В, and the CB 
output toggles to a high level and stays high until 
another underflow occurs. Latch B is then down-loaded 
and the CB output toggles to a low level repeating the 
whole process. 
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_ SECTION 7 
POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER-ON TIMING 


After application of Усс and Ман power to the R6500/1 11, RES 
must be held low for at least eight 02 clock cycles after Vec 
reaches operating range and the internal oscillator has sta- 
bilized. This stabilization time is dependent upon the input 
Vec Voltage and performance of the internal oscillator. The 
clock can be monitored at (2 (pin 3). Figure 7-1 illustrates 
the power turn-on waveforms. Clock stabilization time is typ- 
ically 20 ms. | 


45. _- 2 с | = 
v | | 
сс 0 РОМЕВ ОМ CLOCK STABILIZATION TIME 


ruunnnnnn 


XTLO 1 


m 
8 02 CLOCKS | 
CYCLES MIN — — 


Power Turn-on Timing Detail 


Figure 7-1. 
7.2 POWER-ON RESET 


The occurrence of RES going from low to high will cause the 
R6500/11 to set the Interrupt Mask Bit—bit 2 of the Pro- 
cessor Status Register—and initiate a reset vector fetch at 
address FFFC and FFFD to begin user program execution. 
All of the ИО ports (PA, PB, PC, PD) will be forced to the 
high (logic 1) state. All bits of the Control Register will be 
cleared to logic 0 causing the Interval Timers counter mode 
(mode 00) to be selected and causing all interrupt enabled 
bits to be reset. 


1&3. Counter В ---- Latch В (0) 
2&4. Counter B «— Latch С (Р) 


Figure 6-5. Counter B Pulse Generation 
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. 7.3 RESET (RES) CONDITIONING 


When RES is driven from low to high the R6500/11 is put in 
a reset state causing the registers and /О ports to be con- 
figured as shown in Table 7-1. 


Table 7-1. RES Initialization of о Ports and Registers 


Registers 
Processor Status 
Mode Control (MCR) 
Int. Enable (IER) 
Int. Flag (IFR) 
Ser. Com. Control (SCCR) 


Ser. Com. Status (SCSR) 


Ports 
PA Latch 
PB Latch 
PC Latch 
PD Latch 


All RAM and other CPU registers will initialize in a random, 
non-repeatable data pattern. 


7.4 INITIALIZATION 


Any initialization process for the R6500/11 should include a 
RES, as indicated in the preceeding paragraphs. After sta- 
bilization of the internal clock (if a power on situation) an 
initialization subroutine should be executed to perform (as a 
minimum) the following functions: | | 


. The Stack Pointer should бе set 

. Clear or Set Decimal Mode 

. Set or Clear Carry Flag | 

. Set up Mode Controls as required 
. Clear Interrupts 


до = 


A typical initialization subroutine could be as follows: 


LDX Load stack pointer starting address. into X 
| Register 
TXS Transfer X Register value to Stack Pointer 
CLD Clear Decimal Mode 
SEC Set Carry Flag 
Set-up Mode Control and 
special function 
wor registers as required 
CLI Clear Interrupts 
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| | APPENDIX А 
| ENHANCED R6502 INSTRUCTION SET 


One-Chip Microcomputers 


This appendix conned a summary ие the R6502 instruction 
. get. For detailed information, consult the R6502 Microcom- 
г puter System Programming Manual, Document 29650 N30. 
| "The four instructions notated with а” are added instructions. 


to enhance the standard 6502 instruction set. | 


(A 1 INSTRUCTION SET IN ALPHABETIC 


, SEQUENCE 
дос ^^ Add Memory to Accumulator with Carry _ 
AND "АМП” Memory with Accumulator 
ASL X Shift Left One Bit (Memory ог Accumulator) | 
"ВВА - Branch on Bit Reset Relative p 
_. *BBS . Branch on Bit Set Relative - 
BCC Branch on Carry Clear 
“BCS Branch on Carry Set. 
ВЕО Branch on Result Zero jg 
_ ВИ. Test Bits in Memory with Accumulator 
‚ BMI Branch on Result Minus T 
BNE Branch on Result not Zero. 
. BPL Branch on Result Plus 
..BRK Force Break | 
BVC Branch on Overflow Clear | 
BVS Branch on Overflow Set- 
CLC Clear Carry Flagi 
CLD  . Clear Decimal Mode 
|, CL Clear Interrupt Disable Bit. 

СІМ Clear Overflow Рад. | B 
... СМР .. Compare Memory. and БЕСТЕ та " 
7 CPX ' Compare Memory and Index X _ 

CPY Compare Memory апа Index Y 
DEC Decrement Memory by Опе 
DEX Decrement Index X by Опе . 
DEY Decrement Index У by One. 
EOR  "Exclusive-Or" Memory with -© 
| Accumulator ялы 
МС. Increment Memory by One. 
INX Increment Index X by Оле _ 
ІМҮ Increment Index У di One 
^JMP Jump to New Location - 
JSR 


. Jump to New Location Saving Return 


24001655 
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Load Accumulator with Memory 
Load Index X with. Mémory 

Load Index Y with Memory 

Shift One Bit Right (Memory ог _ 


E Accumulator) | 
_ № Operation | ы 
а "OR" Memory with Accumulator | | 


Push сог оп аф 


Push Processor Status on Stack 
Pull Accumulator from Stack 


222 Pull Processor Status from Stack 


Reset Memory Bit 5. 
Rotate One Bit Left (Memory с or 


_ Accumulator) 


Rotate One Bit Right (Memory ог | 
Accumulator) - 


i Return from Interrupt 
| Return from Subroutine 


Subtract Memory from Accumulator with 


Borrow: 


Set Carry Flag 

Set Decimal Mode 

Set Interrupt Disable Status 
Set Memory Bit | 
Store Accumulator in Memory 
Store Index X in Memory 


. Store Index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register 
Transfer Index Y to Accumulator 
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А.2 INSTRUCTION SET SUMMARY TABLE 


| EM | | | | R6500/11 INSTRUCTION SET | 
INSTRUCTIONS CODES 


Гас E ананын таны ШЫҢ 
MNEMONIG] OPERATION ettet tett elitet ele et eee ЕС: e e e a e 


— pue 41/00594 


ADC А-М-С—А (4)(1) 
AND А М-А (1) i . 2. . 
ASL с– [7  90]-9 5 M 
ВВЯ[#(0-7)] | Вгапсһ on М,-0 (5)(2) ТЕ | РЕ | ЗЕ |4Е| SF] БЕ |7Е| · лел ка 
BBS[4(0-7)] [Branch on М,-1 (5)(2) ВЕ] OF) AF] ВЕ | СЕ ОР ЕЕ | ЕЕ бк, 
ВСС Branch оп С-0 (2) ба ee 
BCS Branch on С=1 (2) . . 
BEQ Branchon Z-1 (2) 5 a . 
BIT 'AAM ` А . 
BMI BranchonN-1 (2) | 
ВМЕ Вгапсһ оп 2-0 (2) © . 
BPL  [Branchon N=0 (2) Mose JEMEN 
BRK Break s. 77» А . 
ВУС | Вгапсћоп У-0 (2) . . "M 
BVS -Branch ол V=1 (2) ..... А 
CLC 9-С oo 4... 
CLD 0—0 4.0... . 
CLI 0—1 7.12.2. a «© . 
CLV _ 0-у | . . "m 
CMP А МИ) N s. улу So oe 
СРХ хм | N or ue 
CPY Y M : Ne > wa E 
DEC M 1—M N ©. Z 
DEX X 1—X чш... 7 
DEY Y 1—Ү Ns. и Ze 
EOR AMM—A (1) Na ы T Ws 
INC M- 1—M N i. 3 io 4% 
INX Х-1-Х | Nose mo ow us 
МУ Ү- то М . . 2. 
_| UMP , |Jump to New Loc ........ 
JSR Jump Sub : б +++ ба 
LDA МА (1) м. TOE 
LDX М—Х (1) 2 М ws на 
LDY . |M—Y (1) | N дигла д Ж 
LSR o—-[7 | ej-^c 0 Е АА 
МОР No Operation i e. + oe 
“ОНА АММ—А (1) М ` . . 
РНА А-"М8 5-1-5 . œ . 
PHP P—Ms 5-1—5 б. 
РГА 5-1—5 Ms—A 2 . , 
PLP 5-1--5 Ms—P 
RMB[$(0-7)]0—M, (5) . 17 | 27 37 47| 57| 67 |77 . . 
ROL кеб 
RTI Rin int — (Restored) О | 
RTS Rtrn Sub Е ae. acl уф. Gob qd 
SBC А-М-С-А (1) реа jas 
SEC 1-C мыза Ф 
ЗЕО 1—0 во аи а EET 
SEI 1--Т ЖО ; О 
SMB[#(O-7)]] 1--М, (5) 87 | 97 | АТ | В7 |С? | 07 | Е? |Е7 я а > | 
5ТА АМ . ES M ME p 
STX X—M 2 К . Е 
STY Y-M м © 
ТАХ А-Х | е ic 
TAY AY IP . = 
TSX SX 
TXA X-A . . о 
TXS XS | s ры ДИ 
ТУА Y—A | M MODE 9 
NOTES - Memory Bit 6 о 
1. Add 1 to МИ page boundary is crossed. Index X . = Add 
2. Add 1 to N if branch occurs to same раде Index Y к - = Subtract | 3 
Add 2 to N if branch occurs to different page Accumulator A = And © 
3. Carry not = Borrow Memory per effective address V - Or с 
4. If in decimal mode 7 flag is invalid Memory per stack pointer ~ = Exclusive Or е» 
accumulator must be checked on zero result. Selecter zero page memory bit. n = Number of cycles Ф 
5. Effects 8-bit data field of the specified zero page address. Memory Bit 7 # = Number of Bytes "i 
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A.3 INSTRUCTION CODE MATRIX 


0 | Implied | (IND, X) 


Relative | (IND), Y 
2212 5 


One-Chip Mic rocomputers 


0 


. ВАК | —ОР Code 
0 | Implied | —Addressing Mode 
1 7 | --іпвігисіоп Bytes; Machine Cycles 


7 8 9 А B p.c ope, UES. CE 
0 | РНР | Жї 


Implied | 0 
13 
СС 
Implied 1 
1 27 
2 
3 
|| PHA 
Implied 4 
44$ 
CLI. 
Implied 
PLA | ADC | | 
Implied | IMM |A Indirect |: 6 
14 2 uw Сы а 
ЗЕ! | ADC 
|трнеа | АВ5, У 7 
12 3 4 
г: ТХА STY 
Implied Implied ABS 8 
12 12 3 4 
ТҮА 5ТА TXS | 
Implied | ABS, Y |Implied 9 
|-1 2 d 5d 2 
TAY | LDA | TAX LDY 
Implied Implied ABS 
12, 1 2 3 4 
ОСУ | | TSX LDY E 
Implied Implied ABS, X B 
1 2 12 3 4" 
ІМҮ DEX СРУ СМР 
. | Implied Implied ABS ABS C 
1 2 1 2 34 3 4 
| СМР | РЕС | 8855 
| ABS, X 
| амх _ | NOP | 
“Implied . | Implied E 
121221712 


SBC | INC BBS7 
ABS,X|ABS,X| ZP F 
3 4* 3 7 3 5** 


SED 
| Implied 


7 8 9 A в. C D E Е 


"Ада 1 to N if page boundary is crossed. 
“Ада 1 to МИ branch occurs to same page; 
add 2 to N if branch occurs to different page. 
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APPENDIX B 
KEY REGISTER SUMMARY 


7 0 М 
| лассомллтон 


А 7 6 5 4 3 2 1 0 
7 0 T 


7 0 
15 7 0 E CARRY (С) (1) 
PCH | Pc — |] PROGRAM COUNTER PC 
7 0 1 = Carry Set 
| 0 := Саггу С!еаг 
STACK POINTER s | 
7 ^ ZERO (2) (1) 


Мур [Bib]! |2 |с | processor sTaTUS REG Р 1 — Zero Result 


0 — Non-Zero Result 


CPU Registers INTERRUPT DISABLE (1) (2) 


1 = IRQ Interrupt Disabled 
*0 :: ВО Interrupt Enabled 


DECIMAL MODE (D) (1) 


1 7 Decimal Mode 
0 — Binary Mode 


BREAK COMMAND (B) (1) 


1 = Break Command 
0 — Non Break Command 


OVERFLOW (о) С) 


1 = Overflow Set 


МОЋ Addr 0014 0 = Overflow Clear 
ounter А | NEGATIVE (М) (1) 
Counter B Mode Select NOTES = ЗЕРЕ ТК 
Mode Select 9 0 Interval Timer | 1 Notinitialized by RES = еда ме Уаше 
0---- 1 Pulse Generation © Set to Logic 1 by RES 0 — Postive Value 
1---- 0 Event Counter 
Bus Mode Select | 1 1 Pulse Width Meas. Processor Status Register 
0 0 Interval Timer 
0---- 1 Asymmetric Pulse Generation а 
1 —— 0 Event Counter 
1 1 Retriggerable Interval Timer IFRI 7 Addr 0011 
Port B Latch 
Port D Tri-State 
(0 = Tri-State High Impedance Mode) 
D esce K Noriai | В 7 Addr 0012 


1 — 0 Abbr. Bus 

1 —— 1 Миха Bus РАО Positive 
Edge Detect 

PA1 Positive 

Edge Detect 

РА? Negative 

Edge Detect 

PA3 Negative 

Edge Detect 

Counter A 

Underflow Flag 

Counter B 

Underflow Flag 


Mode Control Register 


RCVR 
Flag 
XMTR 
Flag 


Interrupt Enable and Flag Registers 


SCCR 


CEECEE] 
о~ода Рату | | 


1-- Even Parity 
0 Parity Disable 
1 Parity Enable 
0—8 Bits/Char 
1~7 Bits/Char 
0—6 Bits/Char 
1~ 5 Bits/Char 
0 —— 0 XMTR & RCVR ASYN Mode 
0 — 1 XMTR ASYN, RCVR S/R 
| 1 —— X ХМТН S/R, АСМА ASYN 


RCVR Data 
Reg Full 


RCVR Over-Run 
| Parity Error 


Frame Еггог 


| Wake-Up 


End of Transmission 
0 RCVR Disable 


1 RCVR Enable 
0 XMTR Disable 
1 XMTR Enable XMTR Under-Run 


XMTR Data Reg Empty 


Serial Communications Control Register S478 Serial Communications Status Register 
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APPENDIX C 
ADDRESS ASSIGNMENTS/MEMORY 
.MAPS/PIN FUNCTIONS ` 


Сл 1/0. AND INTERNAL REGISTER ADDRESSES 


ADDRESS | Ж. | | "x 

(НЕХ) ВЕАО | WRITE 

. 001Ғ ---- —— oO = 
1E Lower Counter B | Upper Latch B, Cntr B-—Latch B, CLR Flag 
1D Upper Counter B | | Upper Latch B, Latch C-—Latch В 
1C Lower Counter B, CLR Flag. Lower Latch B. | 
1В | —— 2 | — — | 
1А Lower Counter А Upper Latch A, Спи A-—Latch A, CLR Flag 
19 Upper Counter A Upper Latch A mE 
18 Lower Counter A, CLR Flag Lower Latch A 


Serial Receiver Data Register Serial Transmitter Data Register | 
Serial Comm. Status Register | Serial Comm. Status Reg. Bits 4 & 5 only 
Serial Comm. Control Register | Serial Comm. Control Register 


Mode Control Register. . Mode Control Register 


‘Interrupt Enable Register . JA |nterrupt Enable Register : 
Interrupt Flag Register | = 
Read FF | | Clear Int Flag (Bits 0-3 only, Write 075 only) 


NOTE: *R6500/12Q Only | 
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C.2 ABBREVIATED MODE + .. C.3 MULTIPLEXED MODE 
MEMORY MAP i "e MEMORY MAP 


. IRQ vector | 
RES Vector 
NMI Vector 


Reserved 


Internal Internal 

Registers Registers 

External Memory 

(16384 — 256) 

Mux'd Addr Mode 0010 


Peripheral Devices 


(64) 
Abbr Addr Mode 0010 


Y 5 
Reserved 0002 Reserved ied 
Internal Ram (192) 0007 


| МО Ports E, F, С | 0006 ИО Ports Е, Е, С [0006 
(R6500/12Q Only) | одод (R6500/12Q Only) | 49004 
| 0003 | 0003 


а /ОРог А, В, C, D ИО Ports А, В, C, D 
ПО & Registers 0000 0000 


C.4 MULTIPLE FUNCTION PIN ASSIGNMENTS—PORT C AND PORT D 
| NUMBER FUNCTION FUNCTION FUNCTION 
АО 


4 РСО 

5 РС1 А1 

- 6 РС2 Аг 
227 РСЗ 


АЗ 


8 | РСА 
9 РС5 
10 РС6 
11 РС? 
19 PDO 
18 PD1 
17 PD2 
16 РОЗ 
15 PD4 D4 A8/D4 
14 РО5 05 А9/05 
13 РОб 06 А10/06 


12 . PD7 D7 A11/D7 


3-175 


R6500/11 and R6500/12 | One-Chip Microcomputers 


|. APPENDIX D 
ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS* | | *NOTE: Stresses above those listed may cause permanent dam- 
age to the device. This is a stress rating only and functional oper- 


Parameter | Symbol | Value | Unit | ation of the device at these or any other conditions above those 
indicated in other sections of this document is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods 


—0.3 to +7.0 


may affect device reliability. 


Operating Temperature 
Commercial О їо +70 


DC CHARACTERISTICS 
(Усс = 5V +5%, Vss = 0, TA = 0 to 70°C) 


< 
© 


Пени | Swmboi | 
RAM Standby Voltage (Retention Mode) 6 


RAM Standby Current (Retention Mode) 
Commercial @ 25°С 


Input High Voltage " 
Input High Voltage (XTLI and 02 in Slave Option) Мн 
Input Low Voltage Vit ` 


Input Leakage Current (RES, ММІ) 
Vi, = 0 to 5.0 Мас 


uae Lu 


Input Low Current PA, PB, PC, PD, PF*, and PG* li 
(Ма = 0.4 Мас) 


Output High Voltage (Except XTLO) 
(одо = -100 „Адс) 


| 
-— 
о 
| 
-. 
Ф 
= 
> 
е 
о 


Ошрш (ом Монаде 
(1. одр = 1.6 mAdc) 


| 
- 
o 


Darlington Current Drive, PE* 
(Мо = 1.5 Мас) 


Input Capacitance 
(Vin -0, Ta = 25°C, f = 1.0 MHz) 
PA, PB, PC, PD, PF*, and PG* 
XTLI, XTLO 


/О Port Pull-Up Resistance 
PAO-PA7, PBO-PB7, PCO-PC7, PFO-PF7 & PGO-PG7 В, 


Уон 

VoL 

Cin 
Output Leakage Current У 


Tri-State I/Os while in High Impedance State 


Output Capacitance 
Tri-State I/Os while in High Impedance State 
Vin = OV, ТА = 25°C, f = 25°C, f = 1.0 MHz 


Note: Negative sign indicates outward current flow, positive indicates inward flow. 


ол — 

о о A 
5 
т 


*R6500/12Q only. 
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| |... APPENDIX E nM 
TIMING REQUIREMENTS AND CHARACTERISTICS - 


E.1 GENERAL NOTES 


“ 


2. 


Мес = Бу + 59%, 0°С = ТА = 70°С 


А valid Усс – RES sequence is required before proper 
operation is achieved. 


. АИ timing reference levels are 0.8У and 2.0V, unless 


otherwise specified. 


. All time units are nanoseconds, unless otherwise specified. 


. All capacitive loading is 130pf maximum, except as noted 


below: 
PA, PB — Бор! maximum 
PC (/О Modes Only) — Бор! maximum 
PC (ABB and Mux Mode) —  130pf maximum 


PC6, PC7 (Full Address Моде) — 130pf maximum 


XTLI 


(XTLO = Vss) 
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E.2 CLOCK TIMING 


SYMBOL PARAMETER 


Cycle Time 

Tw XTLI Input Clock 
Pulse Width 
XTLO = VSS 

Томо | Output Clock Pulse | Т.х; | Tewx: | Тьма | Tewa 
Width at Minimum. + 25 = 20 | 
Тсус | | 


Та, Те Output Clock Rise, 
Fall Time | 
Та, Те Input Clock Rise, ж 


Fall Time 


Tewxi 


p Tewoz врана а 


R6500/11 апа R6500/12 


E.3 ABBREVIATED MODE TIMING—PC AND PD 


(МСН 5 = 1, MCR 6 - 0, MCR 7 = 1) 


| РАНАМЕТЕН 


|» ПРО Date Ouput Delay _______ 


| PBSU | 
PBHR 
(РСО-РСА, PC6) Address Hold Time 
~, (1) B 


2 MHz 


— 
— 
л 


SYMBOL 


(PC5) R/W Hold Time 

Тесну ^. РС?) EMS Hold Time | 
mem Address to EMS Delay Time 
(ecnENSsubme me |” 


NOTE 1: Values assume РСО-РСА, PC6 and PC7 have the same capacitive load. 


од | — 
оо 


оо 
> EP % 
C 
8 © ё 


Тесур 


Е.31 Abbreviated Mode Timing Diagram 


V 


РСО – РСА, 


PDO – РО7 


One-Chip Microcomputers 
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.E.4 MULTIPLEXED MODE TIMING—PC AND PD- 


(MCR 5 = 1, MCR 6 = 1, MCR7 = 1) 


SYMBOL _ PARAMETER 


(PD). Data Output Delay 


РСО-РС4, PC6) Address Hold Time 


PC5) R/W Hold Time 
PC7) EMS Hold Time | 


NOTE 1: Values assume PDO-PD7 and: PC7 have the same capactive load. 


E.4.1 Multiplex Mode Timing Diagram 


READ Кта WRITE 
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Е.5 І/О, EDGE DETECT, COUNTERS, AND SERIAL I/O TIMING 


SYMBOL PARAMETER 


Internal Write to Peripheral Data Valid 


PA, PB, PC, PE, PF, PG, TTL 
PA, PB, PC, PE, PF, PG, CMOS 


Peripheral Data Setup Time 
PA, PB, PC, PF, PG 


Peripheral Data Hold Time 


Тена РА, РВ, РС, РЕ, Ра 
| Тена 


РО 


РАО-РАЗ Edge Detect Pulse Width 


Counters A and B 


Тери | PA4, РАБ Input Pulse Width 
Teo? РА4, РАБ Output Delay 

Port B Latch Моде. | 
Trew | РАО Strobe Pulse Width 
Тыѕџ PB Data Setup Time | 
Tren PB Data Hold Time 

| Serial 1/0 

Тер!) РА6 XMTR TTL 
Temos” | PA6 XMTR CMOS | 
Теру РА4 RCVR S/R Clock Width 
Teow” РА4 XMTR Clock—S/R Mode (TTL) _ 
Temos” PA4 XMTR Clock—S/R Mode (CMOS) 


NOTE 1: Maximum Load Capacitance: 50pF Passive Pull-Up Required 
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Е 5.1 Vo, Edge Detect, Counter, and Serial 1/0 Timing 


92 


РАО –РА7 
РВО -PB7 
PCO-PC7 
PDO – РО7 
PFO – PF7 

PGO -PG7 


EDGE DETECTS 
(PAO -РАЗ) 


CNTR 
PA4, PA5 


TCPW 


CNTR 
(PA4, PA5) == 


Tpppw 
_ PDO-PD7 


РАО -РА7 | ЕРЕТІН Т _ TCMOS | 
РСО-РС7 nS С тРОМ | — и | 2 VDD—3096. 
РВО-РВ7 / | | | а | : 

PEO - PE7 

РҒО- РЕ7 

РСО-РО? 

| PB 

(LATCH MODE) 


"STROBE - 


^o РА0- У | | "m ME | | 
Е 1 |а Тръзу 9-1-4 ERUNT — p = == | -«— Трвін | 
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Rockwell 


R65/11EB ө R65/11EAB 
: R6500 Microcomputer System 


R65/11EB AND R65/11EAB 
BACKPACK EMULATORS 


INTRODUCTION. 


„г. The Rockwell R65/11EB and R65/11EAB Backpack Emulator 


‚ is the PROM prototyping version of the 8-bit, masked-ROM 
R6500/11 one-chip microcomputer. Like the R6500/11, the 


`` backpack device is totally upward/downward compatible with all 


. members of the R6500/11 family. It is designed to accept stan- 
dard 5-volt, 24-pin EPROMs or ROMS directly, in a socket on 
top of the Emulator. This packaging concept allows a standard 


EPROM to be easily removed, re-programmed, then reinserted | 


as often as costed. 


The backpack devices have the same pinouts as the masked- 
ROM R6500/11. microcomputer. These 40 pins are functionally 
· and operationally identical to the pins on the R6500/11. The 
_ R6500/11 Microcomputer Product Description. (Rockwell Docu- 

ment No. 29651N23, Order No. 2119) includes a description of 
the interface signals and their functions. Whereas the masked- 
ROM R6500/11 provides 3K bytes of read-only memory, the 
R65/11EB will address 4K bytes of external program memory. 
This extra memory accommodates program patches, test pro- 
grams or optional programs during breadboard and prototype 
development states. 


ORDERING INFORMATION 


Backpack Emulator 


R65/11EB | 0°С to 70°С 

| 1MHz 
0°С to 70°С 
2MHz 


R65/1EAB |. 


Support Products 


Part | 
Number | Description 


S65-101 SYSTEM 65 Microcomputer 
Development System 


M65-040 PROM Programmer Module 

M65-131 1-MHz R6500/11 Personality Module 
M65-132 2-MHz R6500/11 Personality Module 
RDC-1001 Rockwell Design Center 

RDC-101 1 MHz R6500/11P Personality Module (RDC) 


RDC-102 2 MHz R6500/11AP Personality Module (RDC) 


| Part Memory Compatible Temperature | 
Number Capacity Memories Range and Speed | 


FEATURES | 
PROM version of the R6500/11 

_ Completely pin compatible with 7 8500 7 single-chip micro- | 
computers 
Profile approaches 40- -pin DIP of н6500/11. 

Accepts 5 моћ, 24-pin industry- standard EPROMs 
—4K memories—2732; 2732А (4K bytes addressable) 
Use as prototyping tool or for low volume production 
4K bytes of memory capacity 
192 x 8 static RAM | | 
Separate power рт for 32 bytes of RAM 
Software compatibility. with the R6500 family | 
32 bi-directional TTL compatible О lines (4 ports) 
Two 16 bit programmable counter/latches with six modes . 
(interval timer, pulse generator, event counter, pulse width 
measurement, asymmetrical pulse generator, and retrigger- 
able interval timer) | 
10 interrupts (reset, non-maskable, four external edge sen- 
sitive, 2 counters, serial data received, serial data transmitted). ' 

e Crystal or external time base 


e Single +5V power supply 


R65/11EB Backpack Emulator 


Document No. 29001D13 


Data Sheet Order No. D113 
February 1983 


R65/11EB e R65/11EAB 


Backpack Emulators 


CONFIGURATIONS. 


The Backpack Emulator is available in two different versions, 
to accommodate 1 MHz and 2 MHz speeds. Both versions 
provide 192 bytes of RAM and ИО, as well as 24 signals to 
support the external memory "backpack" socket. 


The emulator will relocate the EPROM address space to 
FXXX (see Memory Map). EPROM addresses FFA through 
FFF must contain the interrupt vectors. 


EXTERNAL FREQUENCY REFERENCE 


The external frequency reference may be a crystal or a 
clock—the RC option of the R6500/11 is not available in the 
emulator device. The R65/11EB and R65/11EAB divide the 
input clock by two regardless of the source. 


/О PORT PULLUPS 


The devices have internal /О port pullup resistors on ports 
A,B,& C. Port D has push-pull drivers. 


PRODUCT SUPPORT 


The Backpack Emulator is just one of the — à: that Rock- 
well offers to facilitate system and жалы ау ортеп 
for the В6500/11. . 


The SYSTEM 65 Microcomputer Development System with 
R6500/11 Personality Module supports both hardware and 
software development. Complete in-circuit user emulation 
with the R6500/11 Personality Module allows total system . 
test and evaluation. With the optional PROM Programmer, 

SYSTEM 65 can also be used to program EPROMs for the | 


‘development activity. When PROM programs have been fin- 


alized, the PROM device can be sent to Rockwell for masking 
into the 3K ROM of the R6500/11. 


In addition to support products, Rockwell offers regularly- 
scheduled designer courses at regional centers. 


XTLI 


XTLO 


RES _ 


CLOCK _ EDGE a 
OSCILLATOR DETECT „ММ 
$ | | Део УСС, УВВ, VSS 
INTERRUPT | 
| осе | 


^ PAO-PA7. 


CONTROL | COUNTER! 
REGISTER | | LATCH 


| | | 40 R6500/11 _ 
24 PROM/ROM и С COMPATIBLE PINS 
PINS | | | 


R65/11EB Interface Diagram 
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R65/11EB e R65/11EAB 


24-PIN SOCKET 


Pin Configuration 


ПО AND INTERNAL REGISTER ADDRESSES 


Address 


Lower Counter B 
Upper Counter B 
Lower Counter B, CLR Flag 


Lower Counter А 
Upper Counter A 
Lower Counter A, CLR Flag 


Serial Receiver Data Register 
Serial Comm. Status Register 


Serial Comm. Control Register 
Mode Control Register 


— — 


Interrupt Enable Register 
Interrupt Flag Register 
Read FF 


3-184 


Signal 
Name 


00-07 


Vss 


Pin No. 


95-115, 
135-178 


15-85, 
235, 245 
195 

215 


185 


205 


245 


125 


Backpack Emulators 


BACKPACK MEMORY SIGNAL | 


DESCRIPTION 


Description 


Data Bus Lines. All instruction and data 
transfers take place on the data bus lines. 
The buffers driving the data bus lines have 
full three-state capability. Each data bus 
pin is connected'to an input and an output 
buffer, with the output buffer remaining in 
the floating condition. | 


Address Bus Lines. The address bus lines 
are buffered by push/pull type drivers that 
can drive one standard TTL load. 


Chip Enable. CÉ is active when the address 
is 8000-FFFF. This line can drive one TTL 
load. | 


Memory Enable Line. This signal provides 
the output enable for the memory to place 
information on the data bus lines. This 
signal is driven by an inverted R/W signal 
from the CPU. It can drive 1 TTL load. 
Main Power Supply +5V. This pin is tied 
directly to pin 21 (Усс). 

Signal and Power Ground (zero volts). This 
pin is tied directly to pin 40 (Vss). 


Upper Latch B, Cntr B«-Latch B, CLR Flag 
Upper Latch B, Latch C<Latch B 
Lower Latch B 


— — 


Upper Latch A, Cntr A——Latch A, CLR Flag 
Upper Latch A 
Lower Latch A 


Serial Transmitter Data Register 
Serial Comm. Status Reg. Bits 4 & 5 only 
Serial Comm. Control Register 
Mode Control Register — 


Interrupt Enable. Register 


Clear Int Flag (Bits 0-3 only, Write O's only) 


R65/11EB e R65/11EAB 


READ TIMING CHARACTERISTICS 


Backpack Emulators 


Signal Symbol | 


OE and CE setup time from CPU 
Address setup time from CPU 
Memory read access time 

Data set up time 

Data hold time—Read 

Address hold time 

OE and CE hold time 

Cycle Time 


READ TIMING WAVEFORMS 


$2" 


ADDRESS FROM 
CPU 


DATA FROM 
MEMORY 


ABBREVIATED MODE 


MEMORY MAP 


егес! RES VECTOR 
FFFA NMI УЕСТОН 


„| _ 


ғооо | EXTENDED ROM (1K) 


3FFF 


> 


| PERIPHERAL DEVICES 


EMS 
VALID 


(64) 
ABBR ADDR MODE 


OOFF 
INTERNAL RAM (192) 
0040 


0000 ЏО & REGISTERS 


*NOT AVAILABLE FOR MASKED ROM R6500/11. 


je- 


MULTIPLEXED MODE 
MEMORY MAP 


IRQ VECTOR 
RES VECTOR 
NMI VECTOR 


FFFE 
РЕРС 
FFFA 


F400 


F000 EXTENDED ROM (1К)* 


001Ғ 


INTERNAL 


У. INTERNAL 
REGISTERS 


4 REGISTERS 


ES 3FFF 


ов EXTERNAL MEMORY / 
23 (16384-256) ; 
ооо > MUX'D ADDR MODE / 
| memo [ow 
> 
0007 00FF / 
Vo PORTSE,F,G |0006 INTERNAL RAM (192) | / VO PORTS E, F, С 
(6500120 ONLY) | од 0040 и (В6500/120 ONLY) 
i 0003 RESERVED / 
ЏО PORTS А, B, С, D ОР | 222222. МО PORTS А, B, C, D 
0000 0000 аа ши по иш ан ию пр кн әш өн өн кн ап іп өз кән 
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R65/11EB ө Н65/11ЕАВ | | A Backpack Emulators 


ELECTRICAL CHARACTERISTICS 
(Усс = 5.0 + 5%, Vss = 0, Ta = 25°С) js | | 
Characteristic Symbol Typ Max Unit 


Input High Threshold Voltage Vint 

00-07 Vss + 2.0 
Input Low Threshold Voltage Мит 
00-07 


Three-State (ОН State) Input Current Не 
(V = 0.4 to 2.4V, Усс = 5.25V) 
00-07 


Output High Voltage 
a = Ко Адс, "се = 4,75V) 


cpu Low > 


(Прадо = 1.6 тАсс, Усс = = 4.750) 
00-07, A0-A11, OE, СЕ 


Сарасйапсе 

(Vin = 0, ТА = 25°C, f = 1 MHz) 
00-07 (High Impedance State) 
Input Capacitance 


Eu 


/О Port Pull-up Resistance | 3.0 6.0 | 11.5 коћт 


40 

РЕ 
= 

| 

| 

| 

| 

! 


m- 
! 
| 
| 


0.720 0.598 
МАХ МАХ 


1.220 МАХ 


| | -| 0.018 


=—— 0.050 + .015 BOTH ENDS = x003 · 
ТУР 


" 0.100 +.010 ТҮР + j= 0.040 + 007 ТҮР 
1.900 -.002 
ВЕР 


40-Pin Backpack Package 
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Rockwell 
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60% 


В6500/1 3 9 R651 10 
_ 26500 Microcomputer System 


R6500/13 and R65110 
ONE-CHIP MICROCOMPUTER 
and ONE-CHIP MICROPROCESSOR 


SECTION 1 
INTRODUCTION 


.1 FEATURES 


Enhanced 6502 CPU 
—Four new bit manipulation instructions 
e Set Memory Bit (SMB) 
e Reset Memory Bit (RMB) 
e Branch on Bit Set (BBS) 
e Branch on Bit Reset (ВВН) 
— Decimal and binary arithmetic modes 
— 13 addressing modes 
—True indexing 
256-byte mask-programmable ROM or по ВОМ* 
192-byte static RAM 
32 bidirectional, TTL-compatible ИО lines (four ports) 
One 8-bit port may be tri-stated under software control 
One 8-bit port may have latched inputs under software 
control | 
Two 16-bit programmable counter/timers, with. latches 
—Pulse width measurement 
—Asymmetrical pulse generation | 
— Pulse generation 
—Interval timer 
— Event counter 
—Retriggerable interval timer 
Serial port 


 —Full-duplex asynchronous operation mode 


—Selectable 5- to 8-bit characters 
— Wake-up feature  . 
— Synchronous shift register mode 
— Standard programmable bit rates programmable 
up to 62.5K bits/sec @1 MHz 
Ten interrupts 
— Four edge- а lines; two positive, two negative 


. —Reset 


— Non-maskable 

— Two counter underflows 

— Serial data received 

—Serial data transmitted 

Bus expandable to 64K bytes of external memory 


*R6511Q has по ROM. 


e Flexible clock circuitry 
—2-MHz or 1-MHz internai operation 
— Internal clock with external XTAL at two or four times 
internal frequency 
— External clock input divided by one, two or four 


1us minimum instruction execution time (O 2 MHz 
NMOS-3 silicon gate, depletion load technology 

Single --5V power supply | 

12 mW stand-by power for 32 bytes of the 192-byte RAM 
64-pin QUIP | 


МОТЕ 
This document uses the term R6500/13 to describe 


both parts. See section 1.3 for a description of the op- 
tions available when using the R6500/13 and ihe fixed 
features of the R6511Q. К 


1.2 SUMMARY 


The Rockwell R6500/13 is a complete, high- performance 


.8-bit NMOS-3 microcomputer on a single chip and is com- 
patible with all members of the R6500 family. 


The R6500/13 consists of an enhanced 6502 CPU, an in- 
ternal clock oscillator, an optional 256 bytes of Read-Only 
Memory, 192 bytes of Random Access Memory (RAM) and 
versatile interface circuitry. The interface circuitry includes 


. two 16-bit programmable timer/counters, 32 bidirectional in- 


put/output lines (including four edge-sensitive lines and input 
latching on one 8-bit port), a full-duplex serial I/O channel, 
ten отара and bus expendebillty | 


The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplicity, 
results in system сові- effectiveness and а wide range of 
computational power. These. features make the R6500/13 a 
leading candidate for microcomputer applications. 


The R6511Q contains all the features of the R6500/13 except 
it has no ROM and is thus intended as a high feature micro- 
processor with full 65K address bus. 


Document No. 29651N36 | Product Description Order | No. 2133 
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R6511Q Microprocessor and R6500/13 Microcomputer 


To allow prototype circuit development, Rockwell offers a 
PROM-compatible 64-pin extended microprocessor device. 
This device, the R6511Q, provides all R6500/11 interface 
lines, plus the address bus, data bus and control lines to in- 
terface with external memory. The R6511Q also can be used 
to emulate the R6500/13. With the addition of external cir- 
cuits it can also emulate the R6500/12. 


Rockwell supports development of the R6500/13 with the 
System 65 Microcomputer Development System and the 
А6500/ Family of Personality Modules. Complete in-circuit 
emulation with the R6500/* Family of Personality Modules 
` allows total system test and evaluation. 


. This product description assumes that the reader is familiar 
. with the R6502 CPU hardware and programming capabili- 
ties. A detailed description of the R6502 CPU hardware is 
included in the R6500 Microcomputer System Hardware 
Manual (Document Number 29650N31). A description of the 
instruction capabilities of the R6502 CPU is contained in the 
R6500 Microcomputer System Programming Manual (Doc- 
ument Number 29650N30). 


R6511Q 083. | 1.628 
а 


С (41.35 ММ) 
R6500/13 Des 


.020 ТҮР. ———— 
РС2 (.508 ММ) 


раан Ас SU 050 REF E 
(1.27 MM) 
.680 TYP 
-&—— — — (17.27 MM) 


1.3 CUSTOMER OPTIONS 


The R6500/13 microcomputer is available with the following 
customer specified mask options. — | 
Option 1 Crystal or RC oscillator 
Option 2 Clock divide by 2 or 4 
Option 3 Clock MASTER Mode or SLAVE Mode , 
Option 4 with or without a 256 byte ROM 
Option 5 Reset Vector at FFFC or 7FFF 
Option 6 Port A with or without internal pull-up resistors 
Option 7 Port B with or without internal pull-up resistors 
Option 8 Port C with or without internal pull-up resistors 


All options should be specified on an R6500/13 order form. 


The R6511Q has no customer specified mask options. It has 
the following characteristics. 

e Crystal Oscillator 

e Clock Divide by 2 

e Clock MASTER Mode 

e Without ROM 

e Резе! Vector at БРЕС 

e No internal pull-up resistors or any Port (PA, PB, or PC) 


_ 150 
y. (381 MM) e 


. S32VdS ЛУПОЗ Le 


4-- WNONON 0:3 0500 


.925 
«aif —— — — ————— -------------- 
(23.495 ММ) 


=p 
(5. 5. | 


E 
i 1 


750 


с 0x 


Џ | 


64 РМ ОШР 


Figure 2-1. Mechanical Outline & Pin Out Configuration 
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9651190 Місгоргос 


essor апа R6500/13 Microcomputer 


ЅЕСТІОМ 2  . 


R6511Q AND Н6500/13 INTERFACE REQU 


This section describes the interface requirements for the 
R6511Q and R6500/13. Figure 2-1 and 2-2 show the Inter- 
face Diagram and the pin out configuration for both devices. | 
Table 2-1. describes the function of each pin..Figure 3-1 has 
a detailed block diagram of the R6500/13 ports which illus- 
trates the internal function of the device. | | 


РА0-РА? (РАО, PA1, 
P 


A2, PA3: 
EDGE DETECTS) 
РВО-РВ7 (LATCHED INPUTS) 
05 (РАО) 
(DATA STROBE) 
. PCO-PCT7/(A13, A14 
(Full address mode)* 


080-087 <) СУ. 


| A0-A12, A15 aC PDO-PD7/ 
aac (DATA/ADDR BUS (A4-A11)) 


| 16 BIT 
COUNTERILATCH . 
A қ == СА (PA4) 

CB (PA5) 


SERIAL RECEIVE, SỌ (PAG): 


TRANSMIT SI (РА?) 
REGISTERS 


| R6511Q 'R6500/13 
"MULTIPLEXED FUNCTIONS PINS (Software Selectable) 


Figure 2-2. Interface Diagram 
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IREMENTS 


Table 2-1. R6500/13 Pin Descriptions 


Signal Name 


Усс 
Var 


Vss 
XTLI 


ХТО 


RES 


PAO-PA7 
PBO-PB7 


PCO-PC7 - 
РО0-Р07 


“АО-А12, A15 


080-087 


SYNC 


Pin No. 
21 
43 


44 
42 


41 


45 


23 


39-32 
31-24 
54-61 
62-64, 
1-5 


20-7 


53-46 


Description ; 


Main power supply +5V 

Separate power pin for НАМ. 
In the event that Усс power 
is off, this power retains RAM| . 


даа: 2 | 


Signal and power ground (OV) 
Crystal or clock input for in- 


| ternal clock oscillator. Also 


allows input of X1 clock sig- 
nal if ХТЕО is connected to 
Vss: ог X2 or X4 clock if XTLO 
is floated. ЊЕ 

Crystal output from internal 


| clock oscillator. T 
The Reset input is used 10] ` 


initialize the device. This sig-| - 
nal must not transition from| . 
low to high for at least eight| - 
Cycles after Vcc reaches op- 
erating range and the inter- 
nal oscillator has stabilized. | 
Clock signal output at inter- 
nal frequency. 


| A negative going edge on їһе[ 


Non-Maskable Interrupt sig- 
nal requests. that a поп-|. 
maskable interrupt. be gen- 
erated with the CPU. 

Four 8-bit ports used for 
either input/output. Each line 
of Ports A, B and C consists 


| of an active transistor to Vss| 
| апа ап optional passive pull-1 
| up to Усс. In the abbreviated 


or multiplexed modes of op- 
eration Port C has an active| - 


| pull-up transistor. Port D 
| functions as either an 8-bit 


input or 8-bit output port. It 
has active pull-up and pull- 
down transistors. 


Fourteen address lines used 


to address а complete 
65K external address space. 
Note: A13 & A14 are sourced 


| through PC6 & PC7 when in 
| the Full Address Mode. | 


Eight ‘bidirectional data bus| 
lines used to transmit data to 


. | and from external memory. 


22 


40 


SYNC is a positive going sig- 
nal for the full clock cycle 


| whenever the CPU is per- 


forming an OP CODE fetch. 
Controls the direction of data 
transfer between the CPU 


| and the external 65K ad- 


dress space. The signal is| 


| high when reading. and low 


when writing. 


R6511Q Microprocessor and R6500/13 Microcomputer | 


_ SECTION3 _ 
_ SYSTEM ARCHITECTURE. 


This section provides a functional description of the R6500/ 
13. Functionally the R6500/13 consists of a CPU, both RAM 
and. optional ROM memories, four 8-bit parallel /О ports, a 
serial I/O port, dual counter/latch circuits, a mode control reg- 
ister, and an interrupt flag/enable dual register circuit. A block 
diagram of the system is shown in Figure 3-1. | 


NOTE 
Throughout this document, unless specified otherwise, 


all memory or register address locations are specified 
| іп hexadecimal notation. 


31 CPU LOGIC 


The R6500/1 3 internal CPU is a standard 6502 configuration 
with an 8-bit Accumulator register, two 8-bit Index Registers 
(X and Y); an 8-bit Stack Pointer register, an ALU, a 16-bit 
Program Counter, and standard instruction register/decode 
and internal timing control logic. 


3.1.1 Accumulator | 


Тһе accumulator is а депега! purpose 8-bit register that. 
stores the results of most arithmetic and logic operations. In 


addition, the accumulator usually contains one of the two 
data words used in these operations. 


3.1.2 Index Registers 


There are two 8-bit index registers, X and Y. Each index reg- 
ister can be used as a base to modify the address data pro- 
gram: counter and thus obtain a new address—the sum of 
the program counter contents and the index register contents. 


When executing an instruction which specifies indirect 
addressing, the CPU fetches the op code and the address 


and modifies the address from memory by adding the index | 


register to it prior to loading or storing the value of memory. 


Indexing greatly simplifies many types of programs, espe- 
cially those using data tables. 


3.1.3 Stack Pointer . 


The Stack Pointer is an 8-bit register. It is automatically 
incremented and decremented under control of the micro- 
processor to perform stack manipulation in response to either 
user instructions, an internal IRQ interrupt, or the external 
interrupt line NMI. The Stack Pointer must be initialized by 
the изег program. 


The stack allows simple implementation of multiple level 
interrupts, subroutine nesting and simplification of many types 
of data manipulation. The JSR, BRK, RTI and RTS instruc- 
tions use the stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may 
be accessed only from the top. The address of a memory 
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location is stored (or "pushed") onto the stack. Each time 
data are to be pushed onto the stack, the Stack Pointer is 
placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 
1. The Stack Pointer is then placed on the Address Bus and 
data are read from the memory location addressed by the 
Pointer. 


- The stack is located on zero page, i.e., memory locations 


OOFF-0040. After reset, which leaves the Stack Pointer 
indeterminate, normal usage calls for its initialization at OOFF. 


3.1.4 Arithmetic And Logic Unit (ALU) 


All arithmetic and logic operations take place in the ALU, 
including incrementing and.decrementing internal registers 
(except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 
the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 
the next cycle. 


Each bit of the ALU has two inputs. These inputs can be tied 
to various internal buses or to a logic zero; the ALU then 
generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. | 


3.1.5 Program Counter 


The 16-bit Program Counter provides the addresses that are 
used to step the processor through sequential instructions 
in a program. Each time the processor fetches an instruction 
from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed on the low-order bits 
of the Address Bus and the higher (most significant) byte of 
the Program Counter (PCH) is placed on the high-order 8 
bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory. 


3.1.6 Instruction Register and Instruction Decode 


Instructions are fetched from ROM or RAM and gated onto 
the Internal Data Bus. These instructions are latched into the 
Instruction Register, then decoded along with timing and 
interrupt signals to generate control! signals for the various 
registers. 


3.1.7 Timing Control 


The Timing Control Logic keeps track of the specific instruc- 
tion cycle being executed. This logic is set to TO each time 
an instruction fetch is executed and is advanced at the 
beginning of each Phase One clock pulse for as many cycles 
as are required to complete the instruction. Each data transfer 
which takes place between the registers is caused by 
decoding the contents of both the instruction register and 
timing control unit. 


І6І-6 


Arithmetic Index - - index 
- апа Logic Register ^ - Register 
Unit (ALU) x VOY : 


Register/Port Program Program 
Ули А А oe 8 Address - Counter Counter 
а Decode - High (PCH) Low (PCL) 


LEE тент em Г 
| | = | | INTERNAL DATA ВО ТА Ж 

n 
| TNI f 


vo vo vo Vo |. Edge 
ОАТА Port D Роп C Pona > 4 Detect 
| | Serial 

| ow | B Counter A Comm. 

| à | Status 

| ow | (t8) Register 


interrupt 
Enable 
Register 


Serial - та 
Communication 
Controt Register 


cina A си: 
прие B В = Е 


h 


~ А Interrupt 
: _ Logic 


"дезпашозолонј £1/0059H pue 2055990140491 опсен 


А0-А12, A15 00-07 PDO-PD7 PCO-PC7 РВО-РВ7 РА0-РА? 


| мм RES | 
CB (PAS) СА (РА4) 80 (РАД | Е | d 51 (РАЛ) “. | 


Figure 3-1. Detailed Block Diagram 
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3.1.8 Interrupt Logic - 


Interrupt | logic controls the sequencing о three interrupts; 
RES, ММ! and IRQ. IRQ is generated by any опе of eight 
conditions: 2 Counter Overflows, 2 Positive Edge Detects, 
2 Negative Edge Detects, and 2 Serial Port Conditions. 


. $.2 NEW INSTRUCTIONS 


In addition to the standard R6502 instruction set, four new 
bit manipulation instructions have been added to the R6500/ 
13. The added instructions and their format are explained in 


Жо the following paragraphs. Refer to Appendix A for the Ор 


^ Code mnemonic addressing matrix for these added instruc- 


б tions. The four added instructions до not impact the CPU 


| procassgr status register. 


3.2.1 Set Memory Bit (SMB m, Addr.) 


This instruction sets to "1" one of the 8-bit data field specified | 
|. Бу the zero page address (memory ог /О port). The first byte | 
of the instruction specifies the SMB operation and one of eight 


bits to be set. The second byte of the instruction designates | | 


address (0-255) of the byte to be operated upon. 


3.2.2 Reset Memory Bit (RMB m, Addr.) 


_ This instruction is the same operation and format as SMB | 


instruction except a reset to "0" of ће bit results. 


3.2.3 Branch On Bit Set Relative (BBS. m, Addr, 
DEST) 


This instruction tests one of eight bits designated by a 3-bit 
immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
/О ports). The third byte of the instruction is used to specify 
the 8-bit relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
sequential instruction is executed. | 


3.2.4 Branch On Bit Reset Relative (BBR m, 
Addr, DEST) 
This instruction is the same operation and laimet as the BBS 


instruction except that a branch takes place if the bit tested 
і5 а "О". ` 
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3.3 READ-ONLY-MEMORY (вом). 


Тће optional ROM consists of 256 bytes mask programmable 
memory with an address space from 7200 to 7FFF. ROM 
locations FFFA to FFFF are assigned for interrupt vectors. 
The reset vector can be optionally at 7FFE or FFFC. 


The R6511Q has no ROM and its Reset vector is at FFFC. 
3.4 RANDOM ACCESS MEMORY (RAM) 


The RAM consists of 192 bytes of read/write memory with | 
an assigned page zero address of 0040 through OOFF. The © 


_ R6500/13 ргомдев а separate power pin (Var) which may be 


used for standby power for 32 bytes located at 0040-005F. 
In the event of the loss of Vcc power, the lowest 32 bytes of 
RAM data will be retained if standby. power is supplied to the 
Var рт. If the RAM data retention is not required then Var 
.must be connected to Vec. сащ, operation Уаң must be а! 
the Vec level. 


‚ For the RAM to retain data upon loss of Vcc, Мак must be 
supplied within operating range and RES must be driven low 
at least eight 02 clock pulses before Мес falls out of operating 
range. RES must then be. held low while Vcc is out of oper- 
ating range and until.at least eight 02 clock cycles after Vec 
is again within operating range and the internal 02 oscillator 
is stabilized. Varn must remain within Vcc Operating range | 
during norma! operation. When Vc; is out of operating range, 
Va, must remain within the Vg retention range in order to 
retain data. Figure 3.2 shows typical waveforms. 


RAM OPERATING MODE RAM RETENTION MODE 


1 INITIAL APPLICATION OF Vec AND Ver 

2 LOSS OF Vcc, RAM ON STANDBY POWER. 

3 REAPPLICATION OF Vec- 

4 >8 02 CLOCK PULSES AFTER OSCILLATOR STABILIZATION. 
5 >8 02 CLOCK PULSES. | 


. Figure 3-2. Data Retention Timing 
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3. 5 CLOCK OSCILLATOR 


The R6511Q has been configured for a crystal oscillator, a 
divide by 2 countdown network, and for Master Mode 
| Operate: | 


Three. customer ‘selectable mask options are available юг 


controlling the R6500/13 timing. The R6500/13 сап бе ordered 
with а crystal or RC oscillator, a divide by 2 or divide by 4 
countdown network and. for clock master mode or clock 
_ slave mode operation.” | 


| For 2MHz interval operation ше сие: ти options. must be 
| specified. | | 


А reference frequency can be generated: with the on-chip : 


oscillator using either an external crystal or an external resistor 
depending on the mask option selected. Fhe oscillator ref- 
erence frequency passes through an internal countdown net- 
work (divide by 2 or divide by 4 option) to obtain the internal 
operating frequency (see Figures 3-3a and 3-3b). The external 
crystal generated reference frequency is a preferred method 
since the resistor method can have tolerances approaching 
50%. | 


Internal timing can also Бе controlled by driving the ХТЫ pin 
with an external frequency source. Figure 3-3c shows typical 
connections. If XTLO is left floating, the externa! source is 
divided by the internal countdown network. However, if XTLO 


XTLI 
R6500/13 
XTLO 


A. RESISTOR INPUT 


XTLI 
R6500/13 
XTLO 


B. CRYSTAL INPUT 


XTLI 
"| R6500/13 


XTLI 
.|R6500/13 
XTLO 
Vss = Й 
. C. CLOCK INPUTS 


fint = 1 MHz 
(USE + 4) 
fext = 4 MHz 


{нт = <2 МН2 
fext = 2X or 4X быт 


fnr = <2 MHz 


ЕХТ 2Х ог 4Х fint 


finr = 1 or 2 MHz 


ext = бит 


Figure 3-3. Clock Oscillator Input Options 


3-193 _ 


is tied to Vss, the internal. ‘countdown network 15. = bypassed 
causing the chip to operate at the frequency of the external | 
source. 


The operation escribed above assumed a CLOCK MASTER - 
MODE mask option. In this mode a frequence source (crystal, | 
RC network, or external EN) must be грива to ће XTL! _ 
and XTLO pins. h 


Note: Ека 
When operating at а 1 MHz internal frequency place.a 
15-22 pt capacitor between XTLO and GND. mE 


$2 is a buffered output signal which closely approximates the 
internal timing.. When a common external source is used 10 
drive multiple devices the internal: timing between devices as 
well as their 92 outputs will be skewed in time. If skewing rep- 
resents a system problem it can be avoided by the 
Master/Slave connection and options shown in Figure 3-4. 


One Н6500/13 is operated in the CLOCK MASTER MODE 
and a second in the CLOCK SLAVE MODE. Mask options 
in the SLAVE unit convert to 02 signal into a clock input pin 
which is tightly coupled to the internal timing generator. As 
a result the internal timing of the MASTER and SLAVE units 
are synchronized with minimum skew. If the 02 signal to the 
SLAVE unit is inverted, the MASTER and SLAVE UNITS. 
WILL OPERATE OUT OF PHASE. This approach allows the 
two devices to share external memory using cycle Пето 
techniques. 


R6500/13 


_ p--4--4 INVERTER USED 
| WHEN SLAVE IS 
| ТО OPERATE | 

L.—1--2 QUT OF PHASE 


6500/13 
| WITH MASTER 


. (INPUT CLOCK) 


Figure 3-4. Master/Slave Connections 
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3.6 MODE CONTROL REGISTER (MCR) 


The Mode Control Register contains control bits for the mul- ` 


tifunction I/O ports and mode select bits for Counter А and 
Counter B. Its setting, along with the setting of the Serial 


Communications Control Register (SCCR), determines the. 


basic configuration of the R6500/13 in any application. Ini- · 


tializing this register is one of the first actions of any software 


program. The Mode Control Register bit assignment i is shown: 


in Figure 3-5. 


Addr 0014 


- Counter В Mode Select 
Mode Select. 0. 0 Interval Timer — 
ШИ 0 — — 1 Pulse Generation 
| ры ы En 1——— 0 Event Counter 
Виз Mode Select | — | ‚1 
(Эм 0 0 Interval Timer 
0 — 1 Asymmetric Pulse Generation 
‘F ——— 0 Event Counter | 
|. 1 —— 1 Retriggerable Interval Timer 
; Port B Latch 
(1 = Enabled) 
Port 0. Tri-State 
e (0= Tri. State High Impedance Mode) 


0—0 Full Address 
0---““-1 Normal 
1———0 Abbr. Bus | 
1 1 Миха. Bus 


Figure 3-5. Mode Control Register 
The use of Counter A Mode Select is shown in Section 6.1. 
The use of Counter B Mode Select is shown in Section 6.2. 
The use of Port B Latch Enable is shown in Section 4.4. 


The use of Port D in Tri-State Enable is shown in Section 
46. 


Тһе иѕе ої Bus Mode Select is shown in Section 4.5 and 4.6. 


1 Pulse Width Meas. 
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3.7 INTERRUPT FLAG REGISTER а (IER) 
AND INTERRUPT ENABLE : 
REGISTER (IER). 


An IRQ interrupt request can be initiated by any or all of eight 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt. - 
enabled bits in the Interrupt Enable Register (IER). Multiple | 
simultaneous interrupts cause the IRQ interrupt request to 


remain active until all interrupting conditions have been | 


serviced and cleared. 


The Interrupt Flag Register. contains ‘the information that 
indicates which I/O or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location | 
0010. The RMB X, (0010) instruction reads. FF, modifies bit 
X to. a "0", and writes the modified value at address location 


0011. In this way IFR bits set to а "1" after the read. cycle of 


a Read-Modify-Write instruction (such as RMB) are protected . 
from being cleared. A logic "1" is ignored when writing to 
edge detect IFR bits. 


· Each IFR bit has a corresponding bit in the Interrupt Enable 


Register which сап be set to а "1" by writing a "1". in the 
respective bit position at location 0012. Individual IER bits 
may be cleared by writing а "О" in the respective bit position, 
or by RES. If set to a "1", an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-6 and the functions of each bit are explained in 
Table 3-1. 
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СР ЕТ m 


РАО Positive ` 
Edge Detect 
РАТ Positive 
Edge Detect 
` PA2 Negative 
"Edge Detect 
PA3 Negative 
Edge Detect 
|. Counter A 
5... Underfiow Flag 
‚ Counter B 
Џпдетом Flag 
. Receiver 


Figure 3-6. Interrupt Enable and Flag Registers 


Table 3-1. Interrupt Flag Register Bit Codes 


| Function 
PAO Positive Edge Detect Flag—Set to a "1" when a positive going edge is detected on РАО. 
Cleared by RMB O (0010) instruction or by RES. 


PA1 Positive Edge Detect Flag—Set to à 1 when a positive going edge is detected on PA1. 
Cleared by RMB 1 (0010) instruction or by RES. 


.PA2 Negative Edge Detect Над—5е to a 1 when а negative going edge is detected on PA2. 
Cleared by RMB 2 (0010) instruction or by RES. 


РАЗ Negative Edge Detect Flag—Set to 1 when a negative going edge is detected on РАЗ. 
Cleared by RMB 3 (0010) instruction or by RES. 


“Counter А Underflow Flag—Set to a 1 when Counter A underflow occurs. Cleared d by АРТЫ у 
the Lower Counter А at location 0018, by writing to address location 001A, ог by RES. 


Counter B Underflow Flag—Set to a 1 when Counter B underflow occurs. Cleared 1 by reading 
the Lower Counter. B at location 001C, by writing to address location 001E, or by RES. 


Receiver Interrupt Flag—Set to a 1 when any of the Serial Communication Status Register bits 
0 through 3 is set to a 1. Cleared when the Receiver Status bits (SCSR 0-3) are cleared or by 
RES. ` | 


Transmitter Interrupt Flag—Set to a 1 whee SCSR 6 is set to a 1 while SCSR 5 забог SCSR 
7 is set to a 1. Cleared when the Transmitter Status bits (SCSR 6 & 7) are cleared or У. RES. 
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3.8 PROCESSOR STATUS REGISTER 


The 8-bit Processor Status Register, shown in Figure 3-7, 
contains seven status flags. Some of these flags are 
controlled by the user program; others may be controlled both 
by the user's program and the CPU. The R6502 instruction set 
contains a number of conditional branch instructions which are 
designed to allow testing of these flags. Each of the eight pro- 
cessor status flags is described in the following sections. . 


3.8.1 Carry Bit (C) 


x. The Carry Bit (C) can be considered as the ninth bit of an 


| д arithmetic operation. It is set to logic 1 if а сапу from the 
eighth bit has occurred or cleared to logic O if no carry 
ғә: occurred as the result of arithmetic operations. 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 


° "tion, respectively. Other operations which affect the Carry Bit 


are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 


Es and SEC. 


3.8.2 T Bit (2). 


The Zero Bit (2) is set to logic 1 by the CPU during any data 
. movement or calculation which sets all 8 bits of the result to 


zero. This bit is cleared to logic 0 when the resultant 8 bits 


of a data movement or calculation operation are not all zero. 
The R6500 instruction set contains no instruction to specifi- 
cally. set or clear the Zero Bit. The Zero Bit is, however, 


affected by the following instructions; ADC, AND, ASL, BIT, 


CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. ` 


3.8.3 Interrupt Disable Bit (1) 


The Interrupt Disable Bit t (I) is used to control the servicing 
of an interrupt request (ВО). If the | Bit is reset to logic 0, 


the IRQ signal will be serviced. If the bit is set to logic 1, the 


IRQ signal will be ignored. The CPU will set the Interrupt ` 
Disable: ВИ to logic 1 if a RESET (RES), IRQ, ог Non- Mask- . 
able метир (NMI) signal is detected. 


The | bit is Дева by the Clear Interrupt Mask Instruction 
(СЦ) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit is set by the BRK Instruction. The Return from Inter- 
rupt (RTI) and Pull Processor Status. (РЕР) instructions will 
also affect the | bit. | 


7 6 5 4 3 2 1 о 


“NOTES 
© Not initialized by R 


©) Set to Logic 1 by R 


ES 
ES 


CARRY (C) (г) 


1 = Carry Set 
. О = Carry Clear 


ZERO (2)(1) 


1 - Zero Result J 
0 = Non-Zero Result. . 


INTERRUPT DISABLE (2) 


= IRQ Interrupt Disabled 
= IRQ Interrupt Enabled 


DECIMAL MODE (D) (1) 


1 - Decimal Mode 
0- Binary Mode 


BREAK COMMAND (10) 


1 ‚Вак Соттапа 2 
0 = Non Break Command 


OVERFLOW (02) 


^5 1- Overflow Set - 
`0 = Overflow Clear 


NEGATIVE (N) (7) : 


1- Negative Value 
0- Postive Уаше 


Figure 3-7. Processor Status Register 
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3. 8.4 Decimal Mode Bit (D) . 


The Decimal Mode Bit (D) is used to control the arithmetic HT (E 


mode of the CPU. When this bit is set to logic 1, the adder- | 


operates аз а decimal adder. When this bit is cleared to logic | 


0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the programmer. Тһе Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction clears it. The PLP and RTI instruc- 
tions 5 also affect ша Decimal Mode Bit. 


CAUTION 
The. Decimal Mode, Bit Will . either set or clear in an 


unpredictable manner upon power. application. This bit 
Ў must be initialized to the desired state by the user prO- | 
| gram or erroneous results may occur. | | 


3.8.5 „Break Bit (B) 


The Break Bit Bit (B) is. used to determine the condition which 
caused the ВО service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU executed a BRK 
. command, the Break Bit will be set to logic 1. If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 


erated, the B bit will be cleared to logic O. There are no 


instructions which can set or clear this bit. 


3. 8 6 Overflow Bit (V) 
‘The. Overflow- Bit (V) is jesd to indicate that the result ofa 


. signed, binary addition, or subtraction, operation is a value 


that cannot be contained in seven bits (-128 = n = 127). 
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~ This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When thé ADC or 


SBC instruction is performed, the Overflow Bit is set to logic 


.1ifthe polarity of the sign bit (bit 7) is changed because the 


result exceeds +127 or —128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 


The Overflow Bit may also be used with the ВП instruction. | 
The BIT instruction—which may be used to sample interface 
devices—allows the overflow flag to reflect the condition of 
bit 6 in the sampled field. During a ВП instruction the Over- | 
flow Bit is set equal to the content of the bit 6 on the даа ^ 
tested with ВП instruction. When used in this mode, the 


overflow has nothing to do with signed arithmetic, but is just 


another sense bit for the microprocessor. Instructions affecting 
the V flag are ADC, BIT, CLV, PLP, RTI and SBC. | 


3.8.7 Negative Bit (N) 


The Negative | Bit (N) is used to indicate that the sign bit (bit 
7) in the resulting value of a data movement or data arith- 
metic operation is set to logic 1. If the sign bit is set to logic 


1, the resulting value of the data movement or arithmetic 


operation is negative; if the sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The 
instructions that effect the state of the Negative Bit are: АРС, 
AND, ASL, ВП, СМР, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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SECTION 4 
PARALLEL INPUT/OUTPUT PORTS 
& BUS MODES | 


The devices have 32 1/0 lines grouped into four 8-bit ports. 


(PA, PB, PC, and PD). Ports A through C may be used either 
for input or output individually or in groups of any combination. 
Port D may be used as all inputs or all outputs. 


Multifunction 7 ѕ зисћ аѕ Port A and Port C are protected 


from normal port I/O instructions when they are programmed | 


to perform a multiplexed function. 


Internal pull-up resistors (FET's with an impedance range of 


3K < R, < 12K ohm) are provided on all port pins except 
Port D. A mask option to delete the internal pull- ups in 8- bit 
port. groups 13 available. 


The direction of the 32 /О lines are controlled by four 8-bit - 


port registers located in page zero. This arrangement pro- 
vides quick programming access using simple two-byte zero 


page address instructions. There are no direction registers | 


associated with the ЏО ports, thus simplifying ИО handling. 


The I/O addresses are shown in Table 4-1. Appendix E.6 - 


shows the I/O Port Timing. 


Table 4-1. 


/О Port Addresses 


4.1 INPUTS 


Inputs for Ports A, B, and C are enabled by loading logic 1 
into all ИО port register bit positions that are to correspond 
to I/O input lines. A low (<0.8V) input signal will cause a logic 
0 to be read when a read instruction is issued to the port 
register. A high (>2.0V) input will cause a logic 1 to be read. 
An RES signal forces all /О port registers to logic 1 thus 
initially treating all ПО lines as inputs. 
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Port D may only be all inputs or all outputs. All inputs is 
selected by setting bit 5 of the Mode Control Register (MCR5) 
to a "Q". 


The status of the input lines can be interrogated at any time 
by reading the I/O port addresses. Note that this will return 
the actual status of the input lines, not the data written Into 
the О port registers. - 


Read/Modify/Write instructions can be used to modify the 
operation of PA, PB, PC, & PD. During the Reád cycle of a 
Read/Modify/Write instruction the Port ИО register is read. 
For all other read instructions the port input.lines are read. 
Read/Modify/Write instructions are: ASL, DEC, INC, LSR, 
RMB, ROL, ROR, апа SMB; 


4.2 OUTPUTS 


Outputs for Ports A thru D are controlled by writing the 
desired /О line output states into the corresponding I/O port 
register bit positions. A logic 1 will force а high (>2.4V) 
output while a logic 0 will force a low (<0.4V) output. 


Port D all outputs is selected by setting МСР5 to a "1". 


4.3 Port A (PA) 


Port A can be programmed via the Mode Control Register 
(MCR) and the Serial Communications Control Register 
(SCCR) as a standard parallel 8-bit, bit independent, I/O port 
or as serial channel /О lines, counter І/О lines, or an input _ 
data strobe for the Port B input latch option. Table 4-2 tab- 
ulates the control and usage of Port A. 


In addition to their normal I/O functions, РАО and PA1 can 
detect positive going edges and PA2 and PA3 can detect 
negative going edges. A proper transition on these pins will 
set a corresponding status bit in the IFR and generate ап 
interrupt request if the respective Interrupt Enable Bit is set. 
The maximum rate at which an edge can be detected is one- 
half the 02 clock rate. Edge detection timing is shown in Ap- 
pendix E.5. 
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_. Table 4-2. Port A Control & Usage 


РАО VO PORT B LATCH MODE 


| SIGNAL SIGNAL 


РАО (2) | PORTB INPUT (1). | 
РІМ 39 00 _ | LATCH STROBE кажа 


PA1-PA3 I/O 
© SIGNAL 


PA4 I/O 


MCRO = 0 
MCR1 = 0 ` 
SCCR7 = 0 | 
RCVR S/R MODE = 0 RCVR S/R MODE - 0 
(4) (5) | (4) 


МАМЕ. — TYPE Du TYPE 


SERIAL I/O SHIFT REGISTER CLOCK 


RCVR S/R MODE - 1 
(4) 


SCCH7 = 0 
SCCRE6 = 0 
MCR1 = 


SCCR7 = 1. 
SCCR5 = 


E | SIGNAL SIGNAL 
XMTR CLOCK OUTPUT RCVR CLOCK INPUT (1 


РА5 /О 


COUNTER В/О 


SIGNAL SIGNAL 
| | NAME TYPE NAME | 
| “ИЕ | CNB OUTPUT CNTB a cmm 


SERIAL МО: 
XMTR OUTPUT 


| (1) Hardware Buffer Float 
"| (2) Positive Edge Detect 


| SCCR7 = 1 _ (3) Negative Edge Detect 
SIGNAL | (4) RCVR S/R Mode = 1 when SCCR6 
• SC 4= | 
NAME TYPE '"SCCRS5 . SCCR 1 


16 For the following mode combina- 
tions PA4 is available as an input 
only pin: | 
SCCR7*SCCR6*SCCR5*MCR1 

+ SCCR7*SCCR6*7SCCR4eMCR1 
+ SCCR7SSCCR6*SCCR5 ` 
+ SCCR7*SCCR5C9*SCCRA. 


| SERIAL 1/0 - 
РА? /О 


RCVR INPUT 
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4.4 PORT B (PB) | 
Port B can be programmed as an 8-bit, bitindependent | Т» 


port. It has а latched input capability which may be enabled . 


ог disabled via the Mode Control Register (MCR). Table 
4-3 tabulates the control and usage of Port B. An Input Data 


Strobe signal must be provided thru PAO when Port B is рго- _ 


 grammed to be used with latched input option. Input data 
PCM timing for Port B is shown in Appendix Е.Б. 


Table 4-3. Port B Control & Usage 


(1) Resistive Pull-Up, Active Buffer Pull-Down ` 
(2) Input data is stored in Port B latch by PAO Puise- 


4.5 PORT C (PC) 


Port C can be programmed as ап І/О port, as part of the full 
address bus, and, їй conjunction with Port D, as an abbre- 
viated bus, or as a multiplexed bus. When operating in the 
Full Address Mode PC6 and РСТ? serve as A13 and А14 with 
PCO-PC5 operating as normal /О pins. When used in the 
abbreviated or multiplexed bus modes, PCO-PC7 function as 
АО-АЗ, A12, R/W, A13, and EMS, respectively, as shown in 


Table 4-4. EMS (External Memory Select) is asserted (low) _ 


whenever the internal processor accesses memory area 
between 0100 and 3FFF. (See Memory Map, Appendix B). 
. The leading edge of EMS may be used to strobe the eight 
address lines multiplexed on Port D in the Multiplexed Bus 
Mode. See Appendices E.3 through E.5 for Port C timing. 


4.6 PORT D (PD) 


Port D can be programmed as an ИО Port, an 8-bit tri-state | 


data bus, or as a multiplexed bus. Mode selection for Port 
D is made by the Mode Control Register (MCR). The Port D 
output drivers can ne selected as tri-state drivers "Ру POE 


й 5. ої ће MCR to 1 (ches Table 4-5 shows the necessary 


.. settings for the. MCR to achieve the various modes for Рогі 
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D. When Port D. is selected to operate in the Abbreviated 
Mode PDO- PD7 serves: as data register bits. DO-D7. When 
Port D is selected to operate in the Multiplexed Mode data 
bits DO through D7 are time multiplexed with address bits A4 
through. A11, respectively. Refer to the Memory Maps 
(Appendix C) for Abbreviated. and Multiplexed memory as- 
5 Ѕее Appendices E.3 through E.5 for Port D timing. 


4.7 BUS MODES 


А special attribute of Port С. and Port D is their capability to 


be configured via the Mode. Control Register (see Section . 
3.6) into four different modes. | 


In the Full Address Mode, the separate address and data bus 
are used in conjunction. with PC6 and PC7, which automat- 


_ ically provide A13 and A14. The remaining ports perform the 
. normal yo function. 


In the О Bus Mode all ports : serve as 10. The address and 


| data bus are still functional but without A13 and A14. Since 


the internal RAM and registers are in the OOXX location, A15 
can be used for chip select and AO-A12 used for selecting 
8K of external memory. Thus, the device can be used to 
emulate the R6500/11 in the Normal Bus Mode. | 


In the Abbreviated Bus Mode, the address and data lines can 


ре used as in the ГО Bus Mode to emulate the R6500/11. 
Port С and. Рой D are automatically transformed into’ an 


abbreviated address bus and control signals (Port C) and a 
bidirectional data bus (Port D). 64 Peripheral addresses can 
be selected. In general usage, these 64 addresses would be 
distributed to several external УО devices such as R6522 
and R6520, etc., each of which may contain more than one 
unique address. 


In the Multiplexed Bus Mode, the operation is similar to the 


Abbreviated Mode except that a full 16K of external addresses 


are provided. Port C provides the lower addresses and con- 
trol signals. Port D multiplexes functions. During the first half 
of the cycle it contains the remaining necessary 8 address 
bits for 16K; during the second half of the cycle it contains 


a bidirectional data bus. The address bits appearing on Port 


D must be latched into an external holding register. The 
leading edge of EMS, which indicates that the bus function 


- is active, may be used for this purpose. 


Figures 4-1a thru 4-1d show the possible configurations of the 
four bus modes. Figure 4-2 shows a memory map of the port 
as a function of the Bus Mode and further. shows which 
addresses are active or inactive on each of the three possible 
buses.. | 
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VO (1) 


ЏО (1) 
МО (1). 
МО (1) 
/О (1) 
МО (1) 
OUTPUT (2) 
OUTPUT (2) 


(1) Resistive Pull-Up, Active Buffer Pull-Down 
(2) Active Buffer Pull-Up and Pull-Down 


Table 4-5. Port D Control & сене 


(1) Tri-State Buffer is in High Impedance Mode 
(2) Tri-State Buffer is in Active Mode | 
(3) Tri-State Buffer is т Active Mode only during the phase 2 portion of a Write Cycle 


Table 4-4. Port C conte! & Usage 


Full Address 
Mode ИО Mode . 


'OUTPUT 
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Abbreviated 
.. Mode 


о OUTPUT 


OUTPUT 
OUTPUT 
OUTPUT 


OUTPUT 
OUTPUT . 


OUTPUT 


^, OUTPUT 


фо, | Low 


= — | ЯН | 
мк ваа тма 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


|. OUTPUT 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


Signal 


165110 Micro 


XTLO 


хти 


Ы = 
<. < 
ЕЕ; 


, &BIT$ , PORTA 


вата -> PORTB 


‚6ап5 | РОЯТ С 


_ RB511Q OR R6500/13 


&HBITS . PORT D 


A13 (РС) 
A14 (РС?) 
UP TO 64K 


OF EXTERNAL 
VO OR MEMORY 


ACTIVE FROM 
0004-000Ғ, 


& 0100-ЕЕЕЕ 


МЕСТОН5 АТ 
; FFFA-FFFF 


SYNC · 
DATA BUS 
089-087 .. 


‘ADDRESS BUS 


it 


A. FULL ADDRESS MODE 


8-BITS 


RW (PCS) 


UP TO 64 BYTES OF 
EXTERNAL 
DATA BUS (PD0-PD7) ЏО OR MEMORY: 
0100-010F, 
ЕТЮ, | — 


2000-200F, 
3000-300Е 


AGS! 10 OR А6500/13 


UP TO 32K 
OF EXTERNAL 
ИО OR MEMORY 
ACTIVE FROM 


0004-000F, 
& 
4000-BFFF 


VECTORS AT 
BFFA-BFFF 


C. ABBREVIATED BUS MODE 
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в-вт ‚ PORT A 


B-BITS PORTB . 


R6511Q OR А6500/13 


' UP TO 16K-244 
‚ ОҒ EXTERNAL 
VO OR MEMORY 


ACTIVE FROM 
| 0004-0002, ] 


0100-1FFF 
& 8000-9FFF 

(VECTORS AT 
9FFA-9FFF) 


B. NORMAL BUS MODE 


UP TO 16K-256 
OF EXTERNAL 
ПО OR MEMORY 


[ ACTIVE FROM 
0100-3FFF 


R6511Q OR R6500/13 


UP TO 32K 
DATA BUS EXTERNAL VO OR 


MEMORY 
088-087 АСТМЕ ЕНОМ 
[0л оу 
ADDRESS BUS AIO ERE 
VECTORS AT 
BFFA-BFFF 


A13 


"LATCH SUCH AS 74LS 373 


D. MULTIPLEXED BUS MODE 


Figure 4-1. Bus Mode Configurations 
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_ ABBREVIATED MULTIPLEXED NORMAL 
| MODE MODE MODE 


ха 


Ф 
< 
Ф 


СА 


EXTERNAL BUS 
INTERNAL BUS 
MUX/ABBR BUS 
INTERNAL BUS 
MUX/ABBR BUS 


o 
5 
D 
с 
@ 
5 
> 
5 
= 


MUX/ABBR BUS 
EXTERNAL BUS 
INTERNAL BUS 


Figure 4-2. Memory Map 
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FULL ADDRESS 


INTERNAL BUS 


MODE 
БЕБЕ _ 


INTERNAL ВООТ 
^ STRAPROM  . 
(R6500/13 ONLY 


(OPTION DEPENDENT) 


INACTIVE 


4000 
3FFF 
EMS VALID 
(WHEN ABBR OR | ТЕБЕ 
MUX MODE 
_ SELECTED) 
0100 
ООЕЕ 
НАМ АМО 
INTERNAL 
REGISTERS 
CRT 0010 
000F 
0003 
| 0000 
MEMORY 
AREA 
| Ж АСТМЕ 
NM ACTIVE 0 
МА] вот REDUNDANT 
| 4, MAYBE 
KS ACTIVE 
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. SECTION 5 
SERIAL L INPUT/OUTPUT CHANNEL 


. The device provides a full duplex Serial О channel with pro- 
grammable bit rates and operating modes. Тһе serial ИО 
functions are controlled by the Serial Communication Control 
Register (SCCR). The SCCR bit assignment is shown in 


Figure 5-1. The serial bit rate is determined by Counter A for = 


-all modes except the Receiver Shift Register (RCVR S/R) 
mode for which an external shift clock must be provided. Тһе 


maximum data rate using the internal clock is 62.5K bits рег | 


second (at 92 = = 1 MHZ). The transmitter (ХМТН) and receiver 
. (RCVR) can be independently programmed to operate in 


different modes and can be independenti enabled ог... 


disabled. 


| _ О~ода Parity 
2. Te-Even Рату | 
| 0 Parity Disabie 
| 1 Parity Enable . - 
^ 07-8 Bits/Char 
1~7 Bits/Char 


0—6 Bits/Char 
Л~5. Bits/Char 


0 XMTR & RCVR ASYN Mode 
1 XMTR ASYN, RCVR S/R 
xX XMTR S/R, RCVR ASYN 


0 RCVR Disable | 
1 RCVR Enable 


0 XMTR Disable 
1 XMTR Enable 


Figure 5-1. Serial Communication Control Register 

. Except ог the Receiver Shift Register Mode (RCVR S/R), all 
. XMTR and RCVR bit rates will occur at one sixteenth of the 

Counter A interval timer rate.: Counter А is forced into an 
interval timer mode whenever the serial І/О is didis ina 

· mode: requiring an internal clock. 


Whenever Counter А is required as a timing source it must 
be loaded with: the hexadecimal code that selects the data 
rate for the serial ИО Port. Refer to Counter A (paragraph 
6.1) for a table of hexadecimal.values to represent the desired 
data rate. 


5.1 TRANSMITTER OPERATION (XTMR) 


The XTMR operation and the transmitter related control/ 
status functions are enabled by bit 7 of the Serial Commu- 
nications Control Register (SCCR). The transmitter, when in 
the Asynchronous (ASYN) mode, automatically adds a start 
bit, one or two stop bits, and, when enabled, a parity bit to 
"ће transmitted data. A word of transmitted data (in asyn- 
chronous parity mode) can have 5, 6, 7, or 8 bits of data. 
The nine data modes are shown in Figure 5-2. When parity is 
disabled, the 5, 6, 7 or 8 bits of data are terminated with two 
stop bits. 


ASYNCHRONOUS MODE WITHOUT PARITY 


8-ВИТ DATA | автор | 
А eae) 
START | 
pu 5-BIT DATA 2870 >. 


7-ВІТ DATA 


ASYNCHRONOUS MODE WITH PARITY 


1 | . Е 1 
ГРАТА PARITY 


7-BIT DATA 


өз” РАТА 2 STOP 


SHIFT. REGISTER MODE 8-BIT РАТА 


WORD M + 1 


| SHIFT REGISTER CLOCK РА) 


` Figure 5-2. SIO Data Modes 


In the S/R mode, eight data bits are always shifted out. Bits/ 


. character and parity control bits are ignored. The serial data 
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is shifted out via the SO output (PA6) and the shift clock is 
available at the CA (PA4) pin. When the transmitter under- 
runs in the S/R mode the SO puut and shift clock are held 
па high state. 


The XMTR Interrupt Flag bit (IFR7) ‚жа by Serial 
Communication Status: Register bits SCSR5, SCSR6 and 
SCSR7. 


IFR7 = SCSR6 (SCSR5 + SCSR7) | 


5.2 RECEIVER OPERATION (RCVR) 


The receiver and its selected control and status functions are 
enabled when SCCR-6 is set to a "1." In the ASYN mode, 
data format must have a start bit, the appropriate number of 
data bits, a parity bit (if enabled), and one stop bit. Refer to 
paragraph 5.1 for a diagram of bit allocations. The receiver 
bit period is divided into 8 sub-intervals for internal synchro- 
nization. The receiver bit stream is synchronized by the start 
bit and a strobe signal is generated at the approximate center 
of each incoming bit. Refer to Figure 5-3 for ASYN Receive 
Data Timing. The character assembly process does not start 


- if the start bit signal is less than one-half the bit time after a 


low level is detected on the Receive Data Input. Framing 
error, over-run, and parity error conditions or a RCVR Data 
Register Full will-set the appropriate status bits. Any of the 
above conditions will cause an Interrupt Request if the 
Receiver Interrupt Enable bit is set to logic 1. 
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Serial 
Input 
LSB 


Start Bit Stop Bit Stop Bit | 


* Serial Input i Data Shifted іп 


ЕРА 5-3. АЗУМ Receive Data Timing 


In the S/R mode, an external shift clock must be provided at 
CA (PA4) pin along with 8 bits of serial data (LSB first) at the 
SI input (PA7). The maximum data rate using an external 
shift clock is one-eighth the internal clock rate. Refer to 
Figure 5-4 for S/R Mode Timing. 


Serial 
Input 


| External 


* Serial Input Data Shifted іп _ 
** Serial Output Data Makes Transition 


Figure 5-4. S/R Mode Timing 


А RCVR interrupt uiid is. generated whenever any of 


SCSRO-3 are true. 


5.3 SERIAL COMMUNICATION STATUS 
REGISTER (SCSR) | 


Тһе Serial Communication Status Register (SCSR) holds 
information on various communication error conditions, status 
of the transmitter and receiver data registers, a transmitter 
end-of-transmission condition, and a receiver idle line con- 
_ dition (Wake-Up Feature). The SCSR bit assignment is shown 

in Figure 5-5. Bit парите and functions of the SCSR аге 
as follows: 


SCSR 0: Receiver Data — Full —Set to a logic 1 when 
a character is transferred from the Receiver Shift 


Register to Ше Receiver Data Register. This bit 15. 


cleared by reading the Receiver Data Register, or 

by RES and is disabled if SCCR 6 = 0. Тһе SCSR 
О bit will not be set to a logic 1 if the received data 
contains an error. condition; instead, a corre- 
sponding error bit will be set to a logic 1. 


Over-Run Error—Set toa бак 1 when a new char- 


SCSR 1: 
| | acter is transferred from the Receiver Shift Reg- 


ister with the last character still in the Receiver - 
Data Register. This bit is cleared by reading the. 


' Receiver Data Register or by RES. | 


SCSR 2: Parity Error — Set to logic 1 whet the RCVR is in 
· the ASYN Mode, Parity Enable bit is set, and the 
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received data has a parity error. This bit is cleared 
| Бу reading the Receiver Data Register or by RES. 
: Framing Error —Set to а logic 1 when the received 
data contains a zero bit after the last data or parity 
bit in the stop bit slot. Cleared by reading the 
Receiver Data Register or by. RES (ASYN Mode 
only). E 
Wake-Up—Set to a logic 1 by writing a "1" in bit 
4 of address: 0016. The Wake-Up bit is cleared by 
RES or when the receiver detects a string of ten 
consecutive 1's. When the Wake-Up bit is set 
SCSRO through SCSR3 are inhibited. 


End of Transmission —Set to a logic 1 by writing 
a "1" in bit position 5 of address: 0016. The End 
of Transmission bit is cleared by RES or upon 
writing а new data word into the Transmitter Data 
Register. When the End-of-Transmission bit is true 
the Transmitter Register Empty bit is disabled until 
a Transmitter Under-Run occurs. | 
Transmitter Data Register Empty —Set to a logic 
1 when the contents of the Transmitter Data Reg- 
_ ister are transferred to the Transmitter Shift Reg- 
ister. Cleared upon writing new data into the 
Transmit Data Register. This bit is initialized to a 
logic 1 by RES. 
Transmitter Under-Run— Set to a юдіс 1 when the 
last data bit is transmitted if the transmitter is in a 
S/R Mode or when the last stop bit is transmitted 
if the XMTR is in the ASYN Mode while the Trans- 
mitter Data Register Empty Bit is set. Cleared by 
. a transfer of new data into the Transmitter Shift 
. Register or by RES. 


SCSR 4: 


SCSR 5: 


SCSR 6: 


SCSR 7: 


. Addr 0016 


2 ie Data 
| Reg Full _ 


RCVR Over-Run 
| Parity Error 
- Frame Error 2 
Wake-Up | | 
End of Transmission 


XMTR Data Reg Empty 


XMTR Under-Run 


Figure 5-5. SCSR Bit Allocations 


5. 4 WAKE-UP FEATURE 


In a multi-distributed microprocessor or microcomputer ap- 
plications, a destination address is usually included at the | 
beginning of the message. The Wake-Up Feature allows 


non-selected CPU's to ignore the remainder of the message 


until the beginning of the next message by setting the Wake- 
Up bit. As long as the Wake-Up flag is true, the Receiver 
Data Register Full Flag remains false. The Wake-Up bit is. 
automatically cleared when the receiver detects a string of | 
11 consecutive 1's which indicates an idle transmit line. 
When the next byte is received, the Receiver Data Register 
Full Flag signals the CPU to wake-up and read the received 
data. 
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| SECTIONG | 
COUNTER/TIMERS - 


The. device contains two 16-bit counters (Counter A and 
Counter B) and three 16-bit latches associated with the 
counters. Counter A has one 16-bit latch and Counter B has 
"мо 16-bit latches. Each counter can be independently pro- 
grammed to operate in one of four modes: 


СЕ A Counter в 


e Retriggerable Interval Counter 
е Asymmetrical Pulse | 
Generation . 
. е Interval Timer 
. e Event Counter 


е Риве width | 
measurement 

e Pulse Generation 

e Interval Timer 

e Event Counter | 


| Operating miodes of Counter A and Counter B are controlled 


by the Mode Control Register. All counting begins at the 


initialization value and decrements. When modes are selected 
requiring а counter input/output line, PA4 is automatically 
selected for Counter A and PAS is automatically selected for 
Counter B p Table 4 2. | 


_ 6.1 СОЏМТЕВ А 


Counter А consists of a 16-bit- counter and a 16- -bit latch 


organized as follows: Lower Counter А (LCA), Upper Counter. 


А (ОСА), Lower Latch A (П.А), and Upper Latch A (ОЦА). 
The counter contains the count of either 02 clock pulses or 
external events, depending on the counter mode selected. 
The contents of Counter A may be read any time by exe- 
cuting a read at location 0019 for the Upper Counter A and 
at location 001A or location 0018 for the Lower Counter A. 


A read at location 0018 also clears the Counter A Underflow . 


. Flag (IFR4). 


The 16-bit latch contains the counter initialization value and 
can be loaded at any time by. executing a write to the Upper 
Latch A at location 0019 and the Lower Latch A at location 
0018. In either case, the contents of the accumulator are 
copied into the applicable latch register. | 


_ Counter А сап be started at any time by writing to address: 
001A. The contents of the accumulator will be copied.into the 


| COUNTER UNDERFLOW 


Figure 6-1. Interval Timer Timing Diagram 


Upper Latch A before the contents of the 16-bit latch are 
transferred to Counter A. Counter А is set to the latch value 


whenever Counter A underflows. When Counter A decre- 
ments from 0000 the next counter value will be the latch 
value—not FFFF—and the Counter A Underflow Flag (IFR 
4) will be set to "1". This bit may be cleared by reading the 
Lower Counter А at location 0018, by WHO to address lo- 

cation 001A, or by RES. | 


© Counter A operates in any of four modes. These modes are 
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selected by the Counter A Mode Control bits in the Control | 


Недізіег. 


22 Interval Timer 


Pulse Generation 
Event Counter | 
Pulse Width Measurement 


Е The Interval Timer, Pulse Generation, and Pulse Width Mea- 


surement Modes are 02 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line. | 


The Counter is set to the Interval Timer Mode (00) when a - 
RES signal is generated. 


6.1.1 Interval Timer 


In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 


| 1. When the Counter is decremented from 0000, the next. ..- 
Counter value is the Latch value (not FFFF). | 


2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 001A, 
the Counter is loaded with the Latch value. Note that 
the contents of the Accumulator are loaded into the 
Upper Latch before the Latch value is transferred to 
the Counter. 


. The Counter value is decremented by one count. at the 02 


clock rate. Тһе 16-bit Counter can hold from. 1 to 65535 
counts. The Counter Timer capacity is therefore 1џ5 to 65,535 


ms а the 1 MHz 02 clock rate or 0.5 us to 32.767 ms at the 


2 MHz 02 clock rate. Time intervals greater than the max- | 
imum Counter value can be easily measured by counting 
IRQ Шы requests in the counter IRQ interrupt routine. 


When Counter A аав from 0000, the Counter A 
Underflow (IFR4) is set to logic 1. If the Counter A Interrupt 
Enable Bit (IER4) is also set, an IRQ interrupt request will be - 
generated. The Counter A Underflow bit in the Interrupt Flag 
Register can be examined in the IRQ interrupt routine to 


determine that the IRQ was ‘generated by the Counter A 


Underflow. 
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While the timer is operating in the Interval Timer Mode, PA4 
operates as а РА /О bit. 


A timing diagram of the Interval Timer Mode is shown in 
Figure 6-1. 


6.1.2 Pulse Generation Mode 


In the Pulse Generation mode, the CA line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter A Underflow occurs or a 
write is performed to address 001A. 


The normal output waveform is a symmetrical square-wave. 
The CA output is initialized high when entering the mode and 
transitions low when writing to 001A. 


Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 


A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one 
occurrence of the output toggle condition. 


6.1.3 Event Counter Mode 


In this mode the CA is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be 
detected is one-half the 02 clock rate. 


The Counter can count up to 65,535 occurrences before 
underflowing. As in the other modes, the Counter A Under- 
flow bit (IER4) is set to logic 1 if the underflow occurs. 


Figure 6.2 is a timing diagram of the Event Counter Mode. 


јен oL c E 


Figure 6-2. Event Counter Mode 


6.1.4 Pulse Width Measurement Mode 


This mode allows the accurate measurement of a low pulse 
duration on the CA line. The Counter decrements by one 
count at the 02 clock rate as long as the СА line is held in 
the low state. The Counter is stopped when СА is in the high 
state. 


3-207 


The Counter A underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the CA pin is held low. After the counter is stopped 
by a high level on CA, the count will hold as long as CA 
remains high. Any further low levels on CA will again cause 
the counter to count down from its present value. The state 
of the CA line can be determined by testing the state of PA4. 


A timing diagram for the Pulse Width Measurement Mode is 
shown in Figure 6.3. 


Figure 6-3. Pulse Width Measurement 


6.1.5 Serial І/О Data Rate Generation 


Counter А also provides clock timing for the Serial I/O which 
establishes the data rate for the Serial І/О port. When the 
Serial /О is enabled, Counter A is forced to operate at the 
internal clock rate. Counter A is not required for the RCVR 
S/R mode. The Counter І/О (РА4) may also be required to 
support the Serial ИО (see Table 4-2). 


Table 6-1 identifies the values to be loaded in Counter A for 
selecting standard data rates with a 02 clock rate of 1 MHz 
and 2 MHz. Although Table 6-1 identifies only the more 
common data rates, any data rate from 1 to 62.5K bps can 
be selected by using the formula: 


16 x bps 
where 
N — decimal value to be loaded into Counter A using 
its hexadecimal equivalent. 
02 = the clock frequency (1 MHz ог 2 MHz) 
брз = the desired data rate. 


NOTE 


In Table 6-1 you will notice that the standard data rate 
and the actual data rate may be slightly different. 


Transmitter and receiver errors of 1.596 or less are 
acceptable. A revised clock rate is included in Table 
6-1 for those baud rates which fall outside this limit. 
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Table 6-1. Counter A Values for Baud Rate Selection 


Clock Rate 
Needed 
To Get 

Standard 

Baud Rate 


Actual 
Baud 
Rate At 


Hexadecimal 


Standard 
Baud 
Rate 


110.04 
149.88 
300.48 
600.96 
1201.92 
2403.85 
3676.47 
4807.69 
6944.44 
8928.57 


6.2 COUNTER B 


Counter B consists of a 16-bit counter and two 16-bit latches 
organized as follows: Lower Counter B (LCB), Upper Counter 


· В (UCB), Lower Latch В (LLB), Upper Latch B (ULB), Lower .. 


Latch C (LLC), and Upper Latch C (ULC). Latch C is used 
only in the asymmetrical pulse generation mode. The counter 
contains the count of either Ø2 clock pulses or external 
events depending on the counter mode selected. The con- 
tents of Counter В may be read any time by executing a Read 
at location 001D for the Upper Counter B and at location 
001E or 001C for the Lower Counter B. A Read at location 
001C also clears the Counter B Underflow Flag. 


Latch B contains the counter initialization value and can be 
loaded at any time by executing a Write to the Upper Latch 
B at location 001D and the Lower Latch B at location 001C. 
In each case, the contents of the accumulator are copied into 
the applicable latch register. 


Counter B can be initialized at any time by writing to address: 
001E. The contents of the accumulator is copied into the 
Upper Latch B before the value in the 16-bit Latch B is trans- 
ferred to Counter B. Counter B will also be set to the latch 
value and the Counter B Underflow Flag bit (IFR5) will be set 
to a "1" whenever Counter B underflows by decrementing 
from 0000. 


IFR 5 may be cleared by reading the Lower Counter B at 
location 001C, by writing to address location 001Е, ог by 
RES. | 


Counter В operates іп the same manner as Counter A in the 
Interval Timer and Event Counter modes. The Pulse Width 
Measurement Mode is replaced by the Retriggerable Interval 
Timer mode and the Pulse Generation mode is replaced by 
the Asymmetrical Pulse Generation Mode. Mode Control 
Register bits MCR2 and MCR3 select the four Counter B 
modes in à similar manner and coding as MCRO and МСВ1 
select the modes of Counter A. 
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6.2.1 Retriggerable Interval Timer Mode 


When operating in the Retriggerable Interval Timer mode, 
Counter B is initialized to the latch value by writing to address 
001E, by a Counter B underflow, or whenever a positive edge 
occurs on the CB pin (PA5). The Counter B interrupt flag will 
be set if the counter underflows before a positive edge occurs 
on the CB line. Figure 6-4 illustrates the operation. 


Latch 
Value 


Count Value 


Counter 


Reset by Software 


AL 


Counter B 
Flag 


Figure 6-4. Counter B. Retriggerable Interval Timer Mode 


6.2.2 Asymmetrical Pulse Generation Mode 


Counter B has a special Asymmetrical Pulse Generation 
Mode whereby a pulse train with programmable pulse width 
and period can be generated without the processor interven- 
tion once the latch values are initialized. 


In this mode, the 16-bit Latch B is initialized with a value 
which corresponds to the duration between pulses (referred 
to as D in the following descriptions). The 16-bit Latch C is 
initialized with a value corresponding to the desired pulse 
width (referred to as P in the following descriptions). The 
initialization sequence for Latch B and C and the starting of 
a counting sequence are as follows: 


1. The lower 8 bits of P are loaded into LLB by writing to 
address 001C; the upper 8 bits of P are loaded into 
ULB and the full 16 bits are transferred to Latch C by 
writing to address location 001D. At this point both 
Latch В and Latch С contain the value of P. 


2. The lower 8 bits of D are loaded into LLB by writing to 
address 001C; the upper 8 bits of D are loaded into 
ULB by writing to address location 001E. Writing to 
address location 001E also causes the contents of the 
16-bit Latch B to be downloaded into the Counter B 
and the CB output to go low as shown in Figure 6-5. 


3. When Counter B underflow occurs the contents of the 
Latch С are loaded into the Counter В and the CB out- 
put toggles to a high level, staying high until another 
underflow occurs. Latch B is then down-loaded and the 
CB output toggles to a low level repeating the whole 
process. 
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SECTION 7 
POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER ON TIMING 


After application of Усс and Vag power to the device, RES 
must be held low for at least eight 62 clock cycles after Усс 
reaches operating range and the internal oscillator has sta- 
bilized. This stabilization time is dependent upon the input 
Vec voltage and performance of the internal oscillator. The 
clock can be monitored at 62 (ріп 3). Figure 7-1 illustrates 
the power turn-on waveforms. Clock stabilization time is typ- 
ically 20 ms. 


м 
сс 0 
РОМЕН ОМ | 
__ МАМА МАЛА 


ПЛАЛАЛАЛ. 


|~CLOCK | 
STABILIZATION 


TIME 
0207 мм MLL 


м 02 сие 


CYCLES ми — 


Figure 7-1. Power Turn-On Timing Detail 


RES 


7.2 POWER-ON RESET 


When RES goes from low to high, the device sets the In- 
terrupt Mask Bit—bit 2 of the Processor Status Register— 
and initiates a reset vector fetch at address FFFC and FFFD 
(or optionally 7FFE and 7FFF) to begin user program exe- 
cution. All of the I/O ports (PA, PB, PC, PD) will be forced 
to the high (logic 1) state. All bits of the Control Register will 
be cleared to logic O causing the Interval Timers counter 
mode (mode 00) to be selected and all interrupt enabled bits 
to be reset. 


a pl. 


1&3. COUNTER B 
284. COUNTER B 


LATCH B (D) 
LATCH C (P) 


Figure 6-5. Counter B Pulse Generation 
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7.3 RESET (RES) CONDITIONING 


When RES is driven from low to high the device is put in a 
reset state causing the registers and /О ports to be config- 
ured as shown in Table 7-1. 


Table 7-1. RES Initialization of /О Ports and Registers 


REGISTERS 
Processor Status 
Mode Control (MCR) 
Int. Enable (IER) 
Int. Flag (ЕР) 
Ser. Com. Control (SCCR) 


Ser. Com. Status (SCSR) 


PORTS 
PA Latch 
PB Latch 
PC Latch 
PD Latch 


All RAM and other CPU registers will initialize in a random, 
non-repeatable data pattern. 


7.4 INITIALIZATION 


Any initialization process for the device should include a 
RES, as indicated in the preceeding paragraphs. After sta- 
bilization of the internal clock (if a power on situation) an 
initialization subroutine should be executed to perform (as a 
minimum) the following functions: 


. The Stack Pointer should be set 

. Clear or Set Decimal Mode 

. Set or Clear Carry Flag 

. Set up Mode Controls as required 
. Clear Interrupts 
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A typical initialization subroutine could be as follows: 


LDX Load stack pointer starting address into 
X Register 
TXS Transfer X Register value to Stack Pointer 
CLD Clear Decimal Mode 
SEC Set Carry Flag 
Set-up Mode Contro! and 
special function registers 
iu and clear RAM as required 
CLI Clear Interrupts 
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uu _ APPENDIX А 
ENHANCED R6502 INSTRUCTION SET 


This appendix contains a summary of the Enhanced R6502 
instruction set. For detailed information, consult the R6502 
Microcomputer System Programming Manual, Document 
29650 N30. The four instructions notated with a * are added 
instructions to enhance the standard 6502 instruction set. 


АЛ INSTRUCTION SET IN ALPHABETIC 
| SEQUENCE | 

[MNEMONIC | INSTRUCTION || 
Add Memory to Accumulator with Carry 


"AND" Memory with Accumulator 
Shift Left One Bit (Memory or Accumulator) 


[ MNEMONC | INSTRUCTION | 
Load Accumulator with Memory | 
Load Index X with Memory 
Load Index Y with Memory 
Shift One Bit Right (Memory or 
Accumulator) | 


| Branch on Bit Reset Relative 
Branch on Bit Set Relative 
Branch on Carry Clear 
Branch on Carry Set 

Branch on Result Zero | 
Test Bits in Memory with Accumulator 
Branch on Result Minus 

Branch on Result not Zero 

Branch on Result Plus 

Force Break 

Branch on Overflow Clear 

Branch on Overflow Set 


Мо зрагашоп 


"OR" Memory with ТЕТЕ 


Ризћ Асситщаюг оп Ѕіаск 
Push Processor Status оп Stack 
Pull Accumulator from Stack  . 

Pull Processor Status from Stack 


Reset Memory Bit 
Rotate One Bit Left (Memory or 
Accumulator) 

Rotate One Bit Right (Memory ог . 
Accumulator) 

Return from Interrupt 
Return from Subroutine 


Clear Carry Flag 
Clear Decimal Mode 

Clear Interrupt Disable Bit 

Clear Overflow Flag 

Compare Memory and Accuimutator 
Compare Memory and Index X 
Compare Memory and Index Y 


. Subtract Memory from Accumulator with 
Borrow 
Set Carry Flag 
Set Decimal Mode 
Set Interrupt Disable Status 
Set Memory Bit _ 
Store Accumulator in Memory 
Store Index X in Memory 
Store Index Y in Memory 


Decrement Memory by One 
Decrement Index X by One 
Decrement Index Y by One 


"Exclusive-Or' Memory with 
Accumulator 


Increment Memory by One 
Increment index X by One 
Increment Index Y by One 


Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register 
Transfer Index Y to Accumulator 


Jump to New Location 
Jump to New Location saving Return 
Address 
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А.2 865110 AND R6500/13 INSTRUCTION SET SUMMARY TABLE 


6 
сл 
| PROCESSOR STATUS h 
ADDRESSING MODES - 
semone | онтон |анератераводиурено таса хеви. | weien mss | wey E вв А sas | ws y Тан атм wonecr z race v sraweesmscewrann [pes «зет, | © 
[pon ang an de eel a eek ek ee о сао сааса eT цузвокес = 
ADC А-М-С-А (4yt) 7914 |3 -— 
AND A M—A i1) | 5 |2 | 35 | 4 | 2 | зо | 4 {з | 39 | 4 |з eo 
ASL c- — 8]-0 | | | 
BBR[4(0-7)] | Branch on М,-0 (5)(2) ЈЕ | 2Е | ЗЕ | 4F| БЕ | 6F | 7F О 
BBS[4(0-7)] | Branch оп М, = 1 " 9F| AF| BF |CF| DF| EF | FF : 
BCC Branch on С=0 . Я С 
BCS Branch on C = 1 - 
BEQ Branch on Z - 1 р | 
вт AAM е 
ВМІ Branch on N =1 Ф 
ВМЕ Branch оп 2-0 Е 
BPL Branch on N=0 . o 
BRK | Вгвак (See Fig. 1) | Ü 
BVC Branch on V - 0 2 
BVS Branch on V=1 . т 
CLC А | 
CLD i D 
CLI . А | 
CLV s * а 
СМР à 7 2 9914 |3 М 2 
СРХ - М РА d 
СРУ N 2 2 
DEC N 2 o 
DEX N 2 л 
DEY | А М 2 о 
ЕОЋ | |413 | | ; 59 | 4 | 3 М 2 
ІМС ; | N 2 e 
INX | М 2 al 
INY N 2 | 
ЈМР : | Jump to New Loc 6C |5 | 3 . * сә 
JSR Jump Sub (See Fig. 2) : | . 2 
LDA ) Таз. : | 8914 |3 М 2 - 
LDX > | ВЕ | 4 |3 86 М 2 Овена. 
LDY — | М 2 © 
LSR 0 2 =ч. 
МСР No Operation : | | А. : o 
ORA АУМ--А (1) 3 | : 191413 М 2 о 
РНА А-.М5 S 1-5 d о 
РНР Р—Мз S 1-5 à 
PLA 5:1—5 М5-А | - 
PLP 5-1-5 Ms-P 4 
RMB[#(G-7)]| 0 071 171 27 | 37 57 | 67 |77 © | 
ROL E <= 
ROA eats 
RTI Нїгп Int (See Fig. 1) Ф 
RTS . | Rtrn Sub (See Fig. 2) | = 
SBC АМ CA (1) | | | Ғ9|413 
ЗЕС 1—С 
SED 1—0 
ЗЕ! | 
SMB[#(0-7)] "2 87 | 97 | A7 | 87 |С7 | 07 | E7 |F7 
ЗТА | 3.12 | I 54513 
! STX 96 | 4 |2 
STY 
TAX 
TAY 
TSX 
TXA 
TXS 
TYA 


NOTES i LEGEND = Memory Bit 6 


accumulator must be checked on zero result. | Я - : М, = Selecter zero page memory БИ 
5. Effects 8-bit data field of the specified zero page address. | . | | : ; M, = Memory Bit 7 


= Number of cycles 
= Number of Bytes 


1. Add 1 to N if page boundary is crossed X = Index X . - Add 
2. Add 1 to N if branch occurs to same page Y = |ndex Y = = Subtract 
Add 2 © N if branch occurs to different раде A = Accumulator A. = And 
3. Carry not = Borrow M = Memory per effective address V. = Or 
4. If in decimal mode Z flag is invalid M, = Memory per stack pointer 45 . = Exclusive Or 
n 
# 
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A.3 INSTRUCTION CODE MATRIX 


1 2 3 4 5 6 7 8 9 A B C- D. E F 


ORA | | | 

IND; X) ! Implied 0. 
26 13 | 
CLC 
Implied 
1 2 
PLP 
Implied 
124 


ЗЕС 
3 | Relative Implied 3 
2.21 12 
RTI. PHA 
4 | Implied Implied 4 
1 6 1 3 
BVC CLI 
5 | Relative Implied 5 
2 2" | 42 
RTS PLA 
6 | Implied Implied 6 
16 | 14 | 
_ ВУЗ SE! 
7 Implied 7. 
12 
| ОЕУ TXA 
8 Implied implied 8 
1 2 1.22 M 
TYA | TXS 
9 Implied Implied. ZP 9 
1 2 1 2 3 5" 
ТАҮ ТАХ 8852 
А Implied Implied ABS ФР А 
1 2 1 2 3 4 3 3 4 |3 5" 
CLV | LDY | LDA | LDX | BBS3 
B Implied ABS, X| ABS, X | ABS, Y 2Р В 
12 3 4* 3 4' | 3. 4 13 5" 
ІМҮ СРҮ СМР ПЕС 
C Implied Implied ABS ABS ABS C 
12 у 12 3 4 34 3 6 
со | СМР | РЕС 
D Implied ABS, X | ABS, X D 
1 2 3 4* 3 7 
INX NOP CPX SBC INC 
E Implied Implied ABS ABS | АВ5 Е 
12 1 2 3 4 34 3 6 
ВЕР SBC | INC 
F Implied ABS, X | ABS, X F 
1 2 з 4" 37 
0 1 2 3 4 5 6 т 8 9 A В C 5. Е Е 
г. | "Ада 1 to М if page boundary is crossed. 
BRK | —OP Code ** Add 1 to МИ branch occurs to same page; 
0 | Implied | —Addressing Mode | add 2 to N if branch occurs to different page. 


1 7 | —Instruction Bytes; Machine Cycles 
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APPENDIX В 
KEY REGISTER SUMMARY 


7 0 
А. | ғассомилтов А 

7 0 

7 0 

15 7 о 
РСН PCL PROGRAM COUNTER PC 

7 0 


STACK POINTER 5 
7 0 
міу| [в [0]! |2|С| processor status ВЕС Р 


CPU Registers 


MCR Addr 0014 
Counter B Mode Select, 
Mode Select 0 0 Interval Timer 
0 —— 1 Pulse Generation 
1 ——-0 Event Counter 
1 1 Pulse Width Meas. 
Rus Moge сие 0 0 interval Timer 
0 ———1 Asymmetric Pulse Generation 
1 —— 0 Event Counter 
1——- 1 Retriggerable Interval Timer 
| Port B Latch 
(t—Enable) 
Port D Tri-State 
(0— Tri-State High Impedance Mode) : 
0 0 Full Address 
0 1 Normal 
2:1----0 Abbr. Bus 
j——— 1 Mux'd Bus 
Mode Control Register 


о~ода Рагну 
1-- Even Parity 
0 Parity Disable 
1 Parity Enable 
0—8 Bits/Char 
1—7 Bits/Char 
0—6 Bits/Char 
| 1 1~ 5 Виз/Сћаг 
0---0 XMTR & RCVR ASYN Mode 
0 —— 1 XMTR ASYN, RCVR S/R 
1 — X XMTR S/R, RCVR ASYN 


| 0 RCVR Disable 


1 RCVR Enable 


0 XMTR Disable 
1 XMTR Enable 


. Serial Communications Control Register 


7 6 5 4 3 2 1 0 
CARRY (с) (7) 


1 = Carry Set 
0 — Carry Clear 


- ZERO (2) (1) 
1 = Zero Result 
0 = Non-Zero Result 


INTERRUPT DISABLE () С) 


1 ~ ВО Interrupt Disabled 
0 :: ВО Interrupt Enabled 


DECIMAL MODE (D) (1) 
1 == Decimal Mode 
0 — Binary Mode 
Е ——— BREAK COMMAND (B) (1) 


1 — Break Command 
0 — Non Break Command 


OVERFLOW (0) (3) 


1 — Overflow Set 
== Overflow Clear 


NEGATIVE (N) (1) 

NOTES 
Not initialized by RES 
ВЕ: 


Set to Logic 1 by RES 


1 == Negative Value 
0 — Postive Value 


Processor Status Register 


РАО Positive 
. Edge Detect 

PA1 Positive 

Edge Detect 

PA2 Negative 

Edge Detect 

PA3 Negative 

Edge Detect 

Counter A 

Underflow Flag 


Counter B 
Underflow Flag 


IFR Addr 0011 


IER Addr 0012 


RCVR 
Flag 
XMTR 

Flag 


Interrupt Enable and Flag Registers. 


Addr 0016 


RCVR Data 
Reg Full 


RCVR Over-Run 


Parity Error 


L Frame Error 


Wake-Up 


End of Transmission 


| XMTR Data Reg Empty 


XMTR Under-Run 
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APPENDIX С. 


ADDRESS ASSIGNMENTS/MEMORY 


MAPS/PIN FUNCTIONS 


C.1 ПО AND INTERNAL REGISTER ADDRESSES 


ADDRESS 
(HEX) 


Lower Counter B 


Upper Counter B 
Lower Counter B, CLR Flag 


Lower Counter A | 
Upper Counter A 
Lower Counter A, CLR Flag 


Serial Receiver Data Register 
Serial Comm. Status Register 
Serial Comm. Control Register 
Mode Control Register 


Interrupt Enable Register 
Interrupt Flag Register 
Read FF 


Upper Latch B, Cntr B-—Latch B, CLR Flag 
Upper Latch B, Latch C<-Latch B 
Lower Latch B. 


Upper Latch A, Cntr ACLatch A, CLR Flag 
Upper Latch A 
Lower Latch A 


Serial Transmitter Data Register 

Serial Comm. Status Вед. Bits 4 & 5 only 
Serial Comm. Control Register 

Mode Control Register 


Interrupt Enable Register 


Clear Int Flag (Bits 0-3 only, Write 078 only) 


RESERVED 


These addresses are reserved and are used by the CPU during Read and Write 
operation over the external Data Bus (00-07). | 


9-214 | 


; Вввта NEN and R6500/13 Microcomputer | 


`с.2 FULL ADDRESS MODE 
MEMORY МАР 
R6511Q OR R6500/13 - 


IRQ VECTOR 
RES VECTOR 


. — NMI VECTOR 


USER PROGRAM 


INTERNAL 
REGISTERS 


PIN 
NUMBER 


FULL ADDRESS | 
МОРЕ | 


ИО PORT 
FUNCTION . 
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с. 3 FULL ADDRESS MODE 


MEMORY MAP 
. R6500/13 ONLY 


С ЛАО VECTOR - 
__(ОРТ RES VECTOR) | 


г NMI VECTOR 
‘USER PROGRAM 


- RES VECTOR 
STRAP 
| ROM 294) INTERNAL 
REGISTERS 


| USER PROGRAM 


RESERVED 


INTERNAL RAM (192) E | 
ИО PORTS А, B, C, D 


MULTIPLEXED PORT — 
FUNCTION — — 


A11/D7 
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APPENDIX D 
ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS* 


*NOTE: This device contains circuitry to protect the inputs 
against damage due to high static voltages; however, it is 
advised that normal precautions be taken to avoid application 


тава Бен of any voltage higher than maximum rated voltages to this circuit. 


Industrial 


DC CHARACTERISTICS 
(Мес = 5V + 5%; Var = Voc: Vss = 0; TA = Oto 7090) 


Parameter 


Power Dissipation (Outputs High) 
Commercial @ 0°C > 
Industrial @ — 40° 


RAM Standby Voltage (Retention Mode) 


RAM Standby Current (Retention Mode) 
Commercial @ 25°С 
Industriel Q жайы | 


Input Leakage Current (RES, NMI) 
Ма = 0to 5.0 Мас ` 


Input Low Current PA, PB, PC, PD 
(Vit = 0.4 Vdc) 


Output High Voltage (Except XTLO) 
(ІІ одр = .100 pAdc) 


Output Low Voltage 
(lLoap = 1.6 mAdc) 


Input Capacitance 
Vin -0, ТА = 25°C, f = 1.0 MHz) 
XTLI, XTLO 
АП Others 


/О Port Pull-Up Resistance 
РАО-РА7, РВО-РВ7, РСО-РС7 


Output Leakage Current 
Tri-State I/O's while in 


Output Capacitance 
Tri-State /О5 while in 
High Impedance State 
Vin OV, ТА = 25°C, f = 1.0 MHz 


NOTE: Negative sign indicates outward current flow, positive indicates inward flow. 
(1) at 25°C 
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| | APPENDIXE — 
. TIMING REQUIREMENTS AND CHARACTERISTICS 


Е.1 GENERAL NOTES | 
1. Voc = 5V +5%, C < TA = 70°С 6. Example of External Chip Select (Multiplexed Bus) 


2. A valid Усс — RES sequence is required before proper | 


operation is achieved. USER 
3. All timing reference levels are 0.8У and 2.0V, unless SUME: 
otherwise specified. | 2800-2FFF 
4. All time units are nanoseconds, unless otherwise specified. Gi 7415138 — — 2000-27FF 
5. All capacitive loading is 130pf maximum, except as noted 1800-1FFF 
below: x 
1000-17FF 
PA, PB -- Бор: maximum 
РС (/О Мосіев Only) — 50pf maximum 0800-0FFF 
PC (ABB and Mux Mode) — 130pf maximum 
PC6, PC7 (Full Address Mode) —  130pf maximum 0100-07FF 


: Note that both EMS and Phase 2 (фә) must be used to correctly 
E.2 CLOCK TIMING enable the chip selects in the multiplexed or abbreviated bus modes. 


Tewxi XTLI Input Clock | 
Pulse. Width 
|. | XTLO = VSS 


Output Clock Pulse | Три», | Tewx: 
| Width at Minimum + 25 
; Tcvc 
Та, Те Output Clock Rise, 
Fall Time 
| Тін: Тір | Input Clock Rise, 
_ | Fall Time 


XTU | 


(XTLO = Ма) ae Я |- — Тас 


——— Теме 
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_Е.3 ABBREVIATED MODE TIMING—PC AND PD 


| 


(PC7) EMS Hold Time 


Tecua 
(PC5) R/W Hold Time 
Toss 


Tesu 


READ WRITE 


IM 
D 


XD _____ 
РОО-РО7 | ШЕ 


TPCAS | 
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E.4 MULTIPLEXED MODE TIMING—PC AND PD 


|. (МСА 5 = 1, MCR 6 =1, MCR 7 = 1) 


, PARAMETER 


Тьвнл 


Тесна 


fen ) EMS Hold Time 10 


Тесур() 
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Е.5 О, EDGE DETECT, COUNTERS, AND SERIAL 1/0 TIMING 


1 MHz 
PARAMETER = 
ММ | МАХ. 
Internal Write to Peripheral Data Valid 
PA, PB, PC TTL — 500 
РА, РВ, РС СМО5 — 1000 
РО -- 175 
Peripheral Data Setup Time 
PA, PB, PC 200 Les 
PD 50 — 
Peripheral Data Hold Time | 
РА, РВ, РС 75 ЛЕК 
РО 10 | -- 
РАО-РАЗ Edge Detect Pulse Width Tevc — 
Counters А and B | 
РА4, РАБ Input Pulse Width Тсус -- 
РА4, РАБ Output Delay — 500 
Port В Latch Mode : 
PB Data Setup Time 175 | — 
РВ Data Hold Time 1 30 — 
Serial 1/0 
РА6 XMTR TTL -- 500 |. 
PA6 XMTR CMOS — 1000 | 
PA4 RCVR S/R Clock Width | 4 Tevel — 
РА4 XMTR Clock—S/R Mode (TTL) — 500 
PA4 XMTR Clock—S/R Mode (CMOS); — 1000 


NOTE 1: Maximum Load Capacitarice: 50рЕ 
Passive Pull-Up Required 


Е.5.1 1/0, Edge Detect, Counter, and Serial 1/0 Timing 


92 


РА0-РА? 
PBO-PB7 
PCO-PC7 

_ РОО-РР7 


СМТА 


РА4, РАБ 1.5 


(РАО-РАЗ) ӘН е = + 
TCPW 


| TCD — 
CNTR И „с AV 
_(РА4, PAS) | 
: 0.4 


PDO-PD7 


TCMOS n 
| VDD—3096 


PBO-PB7 


PB 
(LATCH MODE) 


pao STROBE 
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E.6 MICROPROCESSOR TIMING (00-0, у 


00-07 Write Output | 
Delay 


External Memory Access 
| Time Tace = Тес--Те--. 
| Тлов-- T psu 


. E.6.1 Microprocessor Timing Diagram 


Шы 4—— THR 


| “ТҰЛ 0 | 7 


-— — — TSYN 
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. R6500/41 ө R6500/42 


 R6500/41 AND R6500/42 
ONE-CHIP INTELLIGENT 


PERIPHERAL CONTROLLERS 


SECTION 1 
INTRODUCTION 


1.1 FEATURES 


u$ e. Directly compatible with 6500, 6800, 8080, and Z80 bus 
. families 
e Asynchronous Host interface that allows йөренде Clock 
operation 
Input, Output and Status Registers for CPU/Host data transfer 
Status register for CPU/Host data transfer operations | 
Interrupt or polled data interchange with Host 
Enhanced 6502 CPU 
— Four new bit manipulation instructions: 
Set Memory Bit (SMB) 
Reset Memory Bit (RMB) 
Branch on Bit Set (BBS) 
Branch on Bit Reset (BBR) 
— Decimal and binary arithmetic modes 
— 13 addressing modes 
— True indexing 
1536-byte mask-programmable ROM 
64-byte static RAM 
23 TTL-compatible /О lines (R6500/41 only) 
47 TTL-compatible ИО lines (R6500/42 only) 
A 16-bit programmable counter/timer, with latch 
-- Pulse width measurement 
— Pulse generation 
— Interval timer 
— Event counter 
Seven interrupts 
— Two edge-sensitive lines; one positive, one negative 
— Reset 
— Counter Underflow 
. —Host data received | 
— Output Data Register ІШІ 
— Input Data Register empty 
Multiplexed bus expandable to 4K bytes of external memory 
Unmultiplexed bus for Peripheral /О expansion 


e 68% of the instructions are executed in less than 2us @ 
2 MHz 


Document No. 29651N38 


e NMOS-3 silicon gate, depletion load technology. 
e Single +5\ power supply 

e 40-ріп DIP (R6500/41 only) 

e 64-pin QUIP (R6500/42 only) : 


NOTE . 


This document describes both Ше R6500/41 and | 
В6500/42. In the text, the terms IPC or device will be used 
when describing both parts. The few differences will be 
described in the text using the terms ER or R6500/ 
42. ^ - | 


1.2 2 SUMMARY 


The Rockwell R6500/41 and R6500/42 One- -Chip Intelligent jt 
Peripheral Controllers (IPC) are general purpose, program- 
mable interface ИО devices designed for use with a variety 
of 8-bit and 16-bit microprocessor systems. The one-chip - 


. R6500/41 IPC has an enhanced R6502 CPU, 1.5K by 8-bit 


ROM, 64 by 8-bit RAM, three I/O ports with multiplexed special 
functions, and a multi- function timer all contained within a 40- 


pin package. : 


For systems requiring additional /О ports, the device is also 
available in a 64-pin QUIP version, R6500/42, that provides 
three additional 8-bit ports. In both versions, special interface · 
registers allow these IPC devices to function as peripheral con- 
trollers for the 6500, 6800, Z80, 8080, and other 8-bit or 16-bit 
host microcomputer systems. 


The innovative architecture and the demonstrated high perfor- | 
mance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of сот- 


‘putational power. These features make the device а „еза 


candidate for IPC computer ӘБ ӨЛЕ» 


То facilitate system and program development for the device 
Rockwell has developed the R6541Q which can be used as an 


- Emulator. A description of the R6541Q is contained in the 


$222. 


R6541Q Product Description (Document Order Мо: 2136). 


Product Description Order No. 2135 
Rev. 3, March 1984 


R6500/41 and Н6500/42 | 


Rockwell supports development о the R6500/41 and В6500/ | 


42 with the System 65 Microcomputer Development System 
and the R6500/ ж Family of Personality Modules. Complete 
in-circuit emulation with the R6500/ * Family of Personality 
Modules allows total system test and evaluation. 


This product description is for the reader familiar with the 
R6502 CPU hardware and programming capabilities. A 
detailed description of the R6502 CPU hardware is included 
in the R6500 Microcomputer System Hardware Manual 
(Order Number 201). A description of the instruction capa- 
bilities of the R6502 CPU is contained in the R6500 Micro- 
computer System Programming Manual (Order Number 202). 
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1.3 MASK OPTIONS 


The R6500/41 has provision for internal pull-up resistors on 
PA and PC ports as a mask option. This option is available 
for port groups only, not for individual port lines. 


The R6500/42 has provision for pull-up resistors on PA, PC, 


ОРЕ, and PG ports as a mask option. This option is available 
. for port groups only, not for individual port lines. 


R6500/41 and R6500/42 . One-Chip Intelligent Peripheral Controllers 


| SECTION2 о 
R6500/41 INTERFACE REQUIREMENTS 


This section describes the interface requirements for the In- pin of the devices. Figures 2-3 and 2-5 show the mechanical 


telligent Peripheral Controller. Figure 2-1 is the Interface Dia- dimensions of the devices. Section 5 describes the Host 
gram for the devices. Figures 2-2 and 2-4 show the pin out | computer interface protocol and timing requirements. 


configurations and Table 2-1 describes the function of each 


R6500/41 


CLK CIRCUIT | ЕООЕ ОЕТЕСТ 
PAO-PA7 


(PAO-PED) 
STATUS REG. (PA1-NED) 


(PA2-CNTR) 


INT LOGIC 


Ш 


64 BYTES RAM 


PBO-PB7 | 
(L7 (00-07, TR-STATEY- 
PCO-PC6 
(______ (A0, A1, A2, АЗ, 

EMS, R/W, INT)" 
16 BIT 


TROL R 
veu Te COUNTER/LATCH 


INPUT DATA 


нве-нв? (у 
АЕС 


OUTPUT DATA 


PG0-PG7 


Кл 
Darlington Output Only 


PFO-PF7 


"MULTIFUNCTION PINS 


Figure 2-1. Interface Diagram 


3-224 


R6500/41 апа R6500/42 ________Опе-Стр Intelligent Peripheral Controllers 


0.190 MAX 


(4.82 MM) 0.100 MIN 


(2.54 MM) 


DOT OR NOTCH 0.155 MAX 
TO LOCATE (3.93 MM) 0.010 MIN 


PIN NO. 1 =_=, (0.25 ММ) 


(48.51 неа 3 
(48.00 ММ) 


Interface Diagram 


2.050 MAX 


(51.30 MM) 19 EQUAL SPACES 


0.100 & TOL NONCUM. 
(2.54 MM) 


20 


0.500 MAX 
(15.24 MM) (1.65 MM) 0.065 (0.55 ММ) 0.022 


(1.00 ММ) 0.040 (0.45 ММ) 0.018 


0.600 ТҮР 
(15.87 ММ) 


Figure 2.2 Н6500/41 Pin Ош Designation 
2n (40 PIN DIP) 


1.50 
(3.81 ММ) 
27 г 


interface Diagram 


(41.35 MM) 


| 
| 
| 


R6500/42 


| Wh2NON OL 3 0500 
6532Ұ45 1vnoa $£ 


| 
| ot то 
32 33 И к 
м Е €— | 
.050 REF А 
.680 (1.27 MM) .020 REF 


-4—— — (17.27 MM) — TYP т 


І 
го 
| 
1 


64 РМ ОШР 


Figure 2-4. R6500/42 Pin Out Designation Figure 2-5. R6500/42 Dimensional Outline 
(64 PIN QUIP) 
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SIGNAL Name РІЧ МО. __ Б6500/41|Н6500/22 DESCRIPTION | 


CS 
RS (A0) 


E (RD) 


R/W (WR) 


HBO-HB7 


One-Chip Intelligent Peripheral Controllers 


Table 2-1. 


Symmetrical square wave 
100 KHz to 2 MHZ, TTL com- 
patible input. 


Output timing signal— This is 
an internally synchronized 
1 x clock output suitable for 
external memory or peri- 
рһега! interfacing. 


The reset input is used to ini- 
tialize the device. Section 7 
describes the process and 
conditions of the RES 
procedure. 


Power supply input (+ 5М) 


Signal and power ground 
(OV). 


Chip select pin. 


Register select input pin used 
by the Host processor to in- 
dicate that information being 
written into the IPC is a data 
or command byte or to indi- 
cate that information being 
read from the IPC is a status 
or data byte. 


Host timing control signal for 
data register write and read. 


Host timing control signal for 
data register write and read. 


Data bus between Host and 
IPC data input and output 
registers. 


Pin Description 


SIGNAL NAME 


РАО-РА7 


РВО-РВ7 


РСО-РС6 


РЕО-РЕ? 
РЕО-РЕ7 
PGO-PG7 
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PIN NO. 


DESCRIPTION 


ВЕ! ИО port used for either 
input or output. Each line 
consists of an active transis- 
tor to Vs, and an optional 
passive pull-up to Усс. The 
two lower bits PAO and PA1 
also serve as edge detect in- | 
puts. PA2 is time shared with 
the 16 bit Counter Input or 
Output pin, CNTR, and is 
mode selected. 


8 bit МО port used for either 
input or output. Each line 
consists of an active transis- 
tor to Vss and an active pull- 
up to Усс. This port becomes 
a tri-state data bus, DO-D7, 
in the Abbreviated ог Multi- 
plexed Bus Mode. 00-07 are 
multiplexed with address lines 
А4-А11 in the Multiplexed 
Bus Mode. 


7 bit МО port used for either 
input or output. Each line 
consists of an active transis- 
tor to Vs, and an optional 
passive pull-up to Усс. The 
pins PCO to РС5 are mul- 
tiplexed with address and 
control signals for use in 
abbreviated and multiplex 
modes. PC6 is. multiplexed 
with INT and is program se- 
lectable. In these two modes ° 
РСО-РС5 have active pull- 
ups. 


For the R6500/42, the 64 pin 
QUIP version, three addi- 
tional ports (24 lines) are 
provided. Each line consists 
of an active transistor to Vss. 
РЕО-РЕ7 and PGO-PG7 аге 
bidirectional, and an optional 
passive pull-up to Vec is pro- 
vided. РЕО-РЕ7 is outputs 
only with an active pullup. All 
ports will source 100 „amps. 
at 2.4v except port E (PEO- 
PE7) which will source 1 ma. 


| at 1.5v. 


LE and | R6500/42 


Опе Спр intelligent Peripheral Controllers. 


"SECTION 3 DE 
SYSTEM ARCHITECTURE - 


| This section provides a functional т. о! the IPC de- 


vice. Functionally, the device consists of a CPU, both . 


. ROM and RAM memories, three parallel 1/0 ports (six in the 
64-pin R6500/42), counter/latch circuit, a mode control reg- 
ister, and an interrupt flag/enable dual register circuit. A block 
diagram of the system is shown in Figure 3-1. 5 | 


NOTE 


"Throughout this document, unless Specified во, 
ай memory or register address locations are specified 
in hexadecimal notation. | 


3.1 СРЏ LOGIC 


The internal CPU of the device is an enhanced R6502 con- 
figuration with ап 8-bit Accumulator register, two 8-bit Index 
‚ Registers (X and Y); an 8- bit Stack Pointer register, an ALU, 
а 16-bit Program Counter, and standard instruction register/ 
decode and internal timing control logic. | 


3.1.1 Accumulator 


The accumulator isa general purpose: 8-bit register that | 


|. stores the results. of most arithmetic and logic operations. In 


x addition, the: ‘accumulator usually contains one. 0 me two | 


i data words used in these operations. 


: 3.1.2 Index Registers EE 
2 There are two 8-bit index registers, X and Y. Each index reg- 


E "When executing an instruction which specifies indirect ad- 


| „ dressing, the CPU. fetches the op code and the address, and 
. modifies the address from memory by adding the index reg- 
i ister to it prior to loading or storing the value of memory: 


(5 ister can be used as a base to modify the address data pro- ‘i 
P gram: counter and thus obtain a new address—the sum. of з 
ће program counter contents and the index register. contents. 


Indexing дабу. simplifies many types of programs, ‘espe- ки 


| cially those using. data tables. 
3. 1. З Stack Pointer 


ой Тће Stack. Pointer is an вы био] 18 is automatically in- 

.. сгететед and decremented under control of the micropro- - 
cessor to perform stack manipulation. in response 10 either ue 
user instructions, or an internal ва interrupt. The Stack | 


Pointer must be initialized by the user program. 


The stack allows simple implementation of multiple | evel iñ- 


terrupts, subroutine nesting and simplification of many types 


_ of data manipulation. The JSR, BRK, RTI and RTS пате, 


tions use ге stack and Stack Pointer. 


The stack can be envisioned as a deck of cards which may _ 


only be accessed from the top. The address of a memory 
location is stored на рей) onto the stack. Each time 
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data. are to be pushed onto the stack, the Stack. Pointer is 


placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and. the Stack 


Pointer is decremented by 1. Each time data are read (or 


2 "pulled") from the stack, the Stack Pointer is incremented by 
S. The Stack Pointer is then placed on the Address Bus, and | 


data are read from the memory location addressed by the | 


" Pointer. 


The stack is located on zero раде, i.e., memory locations : 


007Ғ-0040. Normal usage calls for the initialization of the | 


Stack Pointer at 007F. 


22 3.1.4 Arithmetic and Logic Unit (ALU) 


All arithmetic and logic operations take place in the ALU, in- 
cluding incrementing and decrementing internal registers 


_ (except the Program Counter). The ALU cannot store data 
for more than one cycle. If data are placed on the inputs to 


the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 


E the next cycle. 


Each bit of the ALU has two inputs. These inputs сап be tied - 


to various internal buses or to a logic zero; the ALU then | 


generates the function (AND, OR, SUM, and so on) using 
the data on the two inputs. | 


| 3. 1.5 Ргодгат Counter | 
“Тһе 16-bit Program Counter provides the addresses that are 


used to step the processor through sequential instructions 


DE Ana program. Each time the processor fetches an instruction. | 

from program memory, the lower (least significant) byte of 
the Program Counter (PCL) is placed. оп the low-order bits _ 

~ of the Address Bus and the higher (most significant) byté of 

_ the. Program Counter (PCH) is placed. on the high- -order 8 
. bits of the Address Bus. The Counter is incremented. each 
time an instruction or data is fetched from program memory. 


2.3. 1 6 Instruction Register and Instruction Decode 


Instructions are. fetched from ROM or RAM and gated onto - 


the Internal Data Bus. These instructions are. latched into ме — 
Instruction Register then decoded along with timing and in- 
г terrupt ае to: generate control, signals for the various 
pe. registers. | | | та 


07.8, 1. 7 Timing Control n 


The Timing Control Logic keeps track T the specific instruc- 
tion cycle being executed. This logic is initialized each time 


an instruction fetch is executed and is advanced at the be- 


ginning of each low level of the Clock In: pulse for as many 
cycles as are required to complete the instruction. Each даа | 
transfer which takes place between the registers is caused | 
by decoding the contents of both the instruction register and 


В timing control unit. 


822-2 


Cs 


RS (Аб) 
RAN (WR) 
____Е(РО) 


 CPUMOST 
CONTROL 


6502 CPU Е 
- LOGIC T | 


WITH BIT MANIPULATION —_ 
INSTRUCTIONS ADDED | 


"СРИНОЗТ 
J STATUS. 
REGISTER · 


46BIT -— 
| COUNTER/ 
E E LATCH. 


“INTERRUPT 
ENABLE 
REGISTER 


OUTPUT- 
DATA 
REGISTER .. 


| 1536 х 8 
ROM 


MODE | 
CONTROL 
. REGISTER 


INTERRUPT. 
FLAG 
REGISTER 


INPUT 
DATA 
REGISTER 


| (R6500/42 only) 


_РСО-РСБ6 ^ is -PAO-PA7  РВ0-РВ?Т | 8 ç > | > РЕС-РЕ7 | 
3, EMS, RW, INT)! | PAO-POS EDGE V feri t PFO-PF7 
ЖАРАН _РА1-МЕС EDGE | ) | | ~ PGO-PG7 
РА2-СМТА y. 55 T 


(А0-АЗ, 


© “MULTIFUNCTION SIGNALS 


Figure 3-1. R6500/41 & R6500/42 Block Diagram 


PORTS E, Ғ, & G| 


zv/00S9H pue 1/0099 - 


ззеподиоо 1езечднва jueDijewup diup-euQ ЕНЕ 


ЕСІЛІП апа. R6500/42. Опе Стр Intelligent Peripheral Controllers | 


3. 1 8. Interrupt Logic | 


Interrupt logic controls the sequencing of two —— RES 
and IRQ. IRQ is generated by any one of four conditions: 
Counter Overflow, Positive Edge Detect, Negative Edge De- 
tect, and Input Data по Ful. | 


3.2 NEW INSTRUCTIONS - 


Іп addition to the standard 6502 instruction set, M instruc- 
tions have been added to the демсез to simplify operations 
that previously required а read/modify/write operation. In or- 
der for these instructions to be equally applicable to any /О 
ports, with or without mixed input and output functions, the 
ПО ports Наме been designed to read the contents: of the 
specified port data register during the Read cycle of the read/ 
| modify/write operation, rather than 1/О pins as in normal read 
cycles. The added instructions and their format are explained 
“іп the following subparagraphs. Refer to Appendix A for the 
Op Code mnemonic: addressing matrix for these added 
instructions. 47 | 


3.2.1. Set Memory Bit (SMB m, Addr. ) 


This instruction sets to "1" one of the 8-bit data field specified 
by the zero page address (memory or ЏО port). The first byte 
of the instruction specifies the SMB operation and 1 of 8 bits 
to be set. The second byte of the instruction designates ad- 
dress (00- -FF) of the byte or ИО port to be operated upon. 


3. 2. 2 Reset Memory Bit (RMB m, Addr.) | 


This instruction is the same operation and format as SMB 


instruction except ; a reset to "0" of the bit results. 


3.2.3 Branch on Bit Set Relative (BBS m, Addr, | 
| DEST) 


This: instruction tests one of 8 bits designated by a three bit | 


- immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
Бе tested within the. zero page address range (memory ог 
ИО ports). The third byte of the instruction is used to specify 
the 8 bit relative address to which the instruction branches 
if the bit tested is a "1". ‘If the bit tested is not set, the next 
| sequential instruction 15 executed. 


3. 2. 4 Branch On Bit Reset Relative (BBR m, 
| „ Addr, DEST) 


This instruction is the same sonet and format as the BBS E 


instruction а that а branch takes = if the. bit tested 
+ 15 а "O" E ү i 7 | | 


3. 3 READ-ONLY-MEMORY г (ROM) 
The ROM consists of 1536 bytes (1. 5K) mask programmable 


memory with an address space from: FAOO to FFFF-ROM - 


. locations FFFC through | FFFF are signed 1 for interrupt and 


: гезе! vectors. 


i à : 


| з. 4 | RANDOM / ACCESS MEMORY (RAM) 


The RAM consists of 64 bytes of: read/write memory. with an 
: assigned page zero. address. of 0040 ње о. 


3.5 SYSTEM CLOCK 


d: The device functions with an external clock. It is fully asyn- 


chronous in reference to the Host computer timing. The de- 
vice clock frequency equals the external clock frequency. It 
is also made available for any external device synchroniza- 
tion at pin #2. | | | 


3.6 МОРЕ CONTROL REGISTER (MCR) 


_ The Mode Control Register contains control bits for the mul- . 


tifunction ИО ports and mode select bits for the Counter, the ’_ 


_ 6500 or 8080 Bus Select, and the Interrupt (INT). Its setting | 
determines the basic configuration of the device in any ap- | 


plication. Initializing this register is one of the first actions of - 
any software program. The мо Control Register bit as- T 


| signment 15 shown in Figure 3-2. . 


The use of Counter A Mode Select is shown in Section 6. 


The use of the 6500/8080. Host Bus Select is shown in Sec- 13 
tion 6. 


The use of Interrupt Select is shown in Section 4.5. 


The use of Bus Mode Select is shown in Sections 4. 4 and 
4.5. 


vo Dm 
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BUSMODE |. | 
SELECT i | | | 
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вив SELECT Ж ‚0 1 PULSE GENERATOR 
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MEASUREMENT 


1 = 2808080 BUS А 


0 РОЯТВ ALLINPUTS ~~ 
T< PORT B ALL OUTPUTS. 

-ABBREVIATED BUS MODE 

MULTIPLEXED 85: MODE 


у Figure 3-2. Mode Control Register Bit Allocations “| 
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ADDR 0012 


ADDR 0011 


РАО POSITIVE 
EDGE DETECT 
INTERRUPT ENABLE 


5 PAI NEGATIVE 
‚ EDGE DETECT 
INTERRUPT ENABLE 


-INTERNAL INTERRUPT 
REQUEST. IRG ENABLE 


EXTERNAL INTERRUPTS REQUEST 1, 
_ INT-1 ENABLE 
EXTERNAL INTERRUPT REQUEST 2, 
| INT-2 ENABLE 
` COUNTER UNDERFLOW 
INTERRUPT ENABLE _ 


“Interrupt Enable and Flag Registers | 


| Figure 3-3. 


Table 3- 1. Interrupt Enable Signals 


Positive Edge Detect, Interrupt Enable— 
when this bit is true, a positive going sig- 
nal on РАО will generate an IRQ and set 
the corresponding flag bit. | 


Negative Edge Detect Interrupt Enable— 

when this bit is set to a "1" a negative 
going signal. on РАТ will generate an IRQ 

and set the corresponding flag bit. 


Input Data Register Full Interrupt Ena- 
ble—setting this bit to а "1". allows ап 
IRQ to be generated each time the Host 
fills the IDR setting the IDFR. bit. 


Output Data Register Full Interrupt Ena- 

ble—when this bit is an interrupt request 

to the Host is generated each time the 
. ODRF flag is set to a "1". (Зее External 
Interrupts, Paragraph 3.7.1). Reading the 
ODR clears INT-1 and ODRF flags. 


Input Data Register Empty Interrupt En- 
able—when this is set to a "1" an inter- |. | 
rupt is generated to the Host each time 

the IDR is read by the CPU. The interrupt . 
occurs when the IDRF flag is cleared. 

_INT-2 is cleared when the Host reads the 

status flag register. (See External Inter- 

rupts, Paragraph 3.7.1). 


Counter Interrupt Enable—if enabled, an 
IRQ is generated whenever the Counter 
overflows. 
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3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE | 
REGISTER (ЕН) — 


An IRQ interrupt request can be initiated by any or all of four 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
simultaneous interrupts will cause the IRQ interrupt request 
to remain active until all Шалы conditions have been 
serviced and чао. ; т 


The Interrupt Flag Reaser contains the information that in- 
dicates which ИО or counter. needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a.RMB instruction at address location 
0010. The RMB X, (0010) instruction reads FF, modifies bit 
X to a "0", and writes the modified value at address location | 
0011. In this way IFR bits set to а "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. IFR bits 6 апа 7 аге омета опа 


| Head. 


Each. IFR bit has a corresponding bit in the Interrupt Enable 
Register which. сап be set to а "1" by writing. a ^1" in the re- 


spective bit position at location 0012. Individual ЛЕН bits may | 
be cleared by writing a "0" in the respective bit position, ог 


by RES. If зе to а "1", ап ЛАО will be. generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-3 and the functions of each bit are explained in 
Table 3- 1. | 


3.7.1 External Interrupts (INT) 


An external interrupt INT to the Host computer may be se- 
lected in two modes. (See Section 5 for information on the 
Host/Device interface). | 


OUTPUT DATA REGISTER (ODR) FULL 


When IER 3 of the Interrupt Enable Register is set to а "1", 
the device will assert the INT (PC6) line each time it loads 
the ООН. The ООНҒ flag of the Status Flag Register and the 
IFR 3 of the ЈЕВ will be set to a "1" indicating the ООН is full. 
The ODRF and IFR 3 flags are cleared and INT is negated 
when the Host processor reads the ODR. 


INPUT DATA REGISTER (ID). EMPTY 


When IER 4 of the Interrupt Enable Register is set to a "1", _ 
the device will assert the INT (PC6) line each time it reads 
the IDR. The IDRF flag of the Host Status Flag Register will 
be cleared and the IFR 4 flag of the IFR will be set to a "1" 
indicating the IDR has just been read by the device. The IFR 
4 flag is cleared and INT i is negated when the Host processor 
reads the Host Status Flag Register. RES clears the IDR and 


sets ће IFR4 flag to indicate the register is empty. 
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3.8 PROCESSOR STATUS REGISTER 


The 8- bit Processor Status Register, shown in Figure 3-4, 
contains seven status flags. Some. of these flags are con- 
trolled by the user program; others may be controlled both 
by the user's program and the CPU. The R6502 instruction 
set contains a number of. conditional branch instructions 
which are designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. | | | 


3.8.1 Саггу ВИ (С) 


The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic O if no carry oc- 
curred as the result of arithmetic operations. | 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (СІС) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
are ADC, ASL, CMP, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 


3.8.2 Zero Bit 2) 


The Zero Bit (2) is set to logic 1 by the CPU ал any data 
movement or calculation which sets all 8 bits of the result to 
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‚ zero. This bit is cleared to logic 0 when the resultant 8 bits 


of a data movement or calculation operation are not all zero. 
The R6502 instruction set contains no instruction to -specifi- 


cally set or clear the Zero Bit. The Zero Bit is, however, af- 


fected by the following instructions; ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 


АПА, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. 


3.8.3 Interrupt Disable Bit (I) | 


The Interrupt Disable Bit (1) is used to control the servicing 
of an interrupt request (IRQ). If the ! Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1, the 
IRQ signal will be ignored. The CPU will set the Interrupt 
Disable Bit to logic 1 if a RESET (RES) or Non-Maskable 
Interrupt (NMI) signal is detected. 


The ! bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit may also be set by the BRK Instruction. The Return 


from Interrupt (RTI) and Pull Processor Status (PLP) instruc- 


tions will also affect the | bit. 


NOTES 
(1) Not initialized by RES 
(2) Set to Logic 1 by RES 


CARRY (C) (1) 


1 = Carry Set 
0 = Carry Clear 


Zero (2) (1) 

1 = Zero Result 

0 = Non-Zero Result 
INTERRUPT DISABLE " (2) 
1 - IRQ Interrupt Disabled 
0 = IRQ Interrupt Enabled 
DECIMAL MODE (D) (1) 

1 = Decimal Mode 

0 = Binary Mode 

BREAK COMMAND (B) (1) 
1 = Break Command 

0 = Non-Break Command 
OVERFLOW (0) (1) 

1 = Overflow Set 

0 = Overflow Clear. 
‘NEGATIVE (М) (1) - 


1 = Negative Value 
0 = Positive Value . 


Figure 3-4. Processor Status Register 
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3.8.4 Decimal Mode Bit (D) 


The Decimal Mode Bit (D), is used to control the arithmetic 
mode of the CPU. When this bit is set to logic 1, the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the programmer. The Set Decimal 
Mode (SED) instruction. will set the D bit; the Clear Decimal 
Mode (CLD) instruction will clear it. The PLP and RTI instruc- 
tions also effect the Decimal Mode Bit. 


| CAUTION 


The Decimal Mode Bit will either set or clear in an un- - 
predictable manner upon power application to the de- 
місе. This bit must be initialized to the desired state by | 

the user program or erroneous results may occur. 


3.8.5 Break Bit (B) 


The Break Bit (B) is used to determine the condition which 
caused the IRQ service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU executed a BRK 
command, the Break Bit. will be set to logic 1. If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic O. There are no in- 
structions which can set or clear this bit. 


3.8.6 Overflow Bit (V) 


The Overflow Bit (V) is used to indicate that the result of a 


signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (- 128 = п = 127). 
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This indicator only has meaning when signed arithmetic (sign 
and.seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or —128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 


The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction which may be used to sample interface 
devices, allows the overflow flag to reflect the condition of bit 
6 in the sampled field. During a BIT instruction the Overflow 
Bit is set equal to the content of the bit 6 on the data tested 
with BIT instrction. When used in this mode, the overflow has 
nothing to do with signed arithmetic, but is just another sense 
bit for the microprocessor. Instructions which affect the V flag 
are ADC, BIT, CLV, PLP, RTI and SBC. 


3.8.7 Negative Bit (N) 


The Negative Bit (N) is used to indicate that the sign bit (bit 
7), in the resulting value of a data movement or data arith- 
metic operation, is set to logic 1. If the sign bit is set to logic 
1, the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The in- 
structions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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5 ЗЕСТОМ 4 = Е мъ 
PARALLEL INPUT/OUTPUT PORTS. | 


INPUT/OUTPUT PORTS 


The IPC device provides three ports (PA, PB, and PC). The 
15 lines of PA and PC are completely bidirectional, that is, 
there are no line grouping or port association restrictions. 
The eight lines of Port B may be programmed as all inputs 


or all outputs. Port PC, however, may be multiplexed under | 


program control with seven other signals. Six of these signals 
form an address and control bus for extended addressing. 
The seventh signal is multiplexed with an external interrupt 
output, INT. All eight Port B lines are tri-state to permit their 
use as a data bus during extended addressing modes. 


The R6500/42, a 64 pin QUIP device, has three additional 
ports: PE, PF, and PG. PE is outputs only. PF and PG are 
bidirectional. | 
Internal pull-up resistors (FET's with an impedance range of 
ЗК = При = 12K ohm) may be provided on ports PA and 
PC and ports PF & PG (R6500/42 only), as a mask option. 


The direction of the I/O lines are controlled by 8-bit port reg- 
isters located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page ad- 


dress instructions. There are no direction registers аѕѕосі- 


ated with the ИО ports, which simplifies /О handling. The 
/О addresses are shown in Table 4-1. Section E.6 shows 
the КО Port Timing. | 


Table 4-1. ИО Port Addresses 


| В6500/42 опіу 


4.1 INPUTS 


.. Inputs for Ports A and C, and also Ports F and G of the 
X. R6500/42, are enabled by loading logic 1 into all О port reg- 
ister bit positions that are to correspond to ИО input lines. A 


low («:0.8V) input signal will cause a logic 0 to be read when 
a read instruction is issued to the port register. A high (>2.0V) 
input will cause a logic 1 to be read. An RES signal forces 
all ЏО port registers to logic 1 thus initially treating all /О 


- lines as inputs. | 


Рой B may be all inputs or all outputs. All inputs is selected 
by setting bits MCR6 and MCR7 of the Mode Control Reg- 
ister to a "0". | | 


The status of the input lines can be interrogated at any time 
by reading the ГО port addresses. Мое that this will return 
the actual status of the input lines, not the data written into 
the І/О port registers. 


Read/Modify/Write instructions can be used to modify the 
operation of PA, PB, PC, and also PF, & PG of the R6500/ 
42. During the Read cycle of a Read/Modify/Write instruction 
the Port ИО register is read. For all other read instructions 
the port input lines are read. Read/Modify/Write instructions 
are: ASL, BBS, BBR, DEC, INC, LSR, RMB, ROL, ROR, and 


SMB. 


4.2 OUTPUTS 
Outputs for Ports A thru C, and Ports E thru G of the R6500/ 


42, are controlled by writing the desired /О line output states 


into the corresponding ИО port register bit positions. A logic 
1 will force a high (>2.4М) output while a logic 0 will force 
a low (<0.4М) output. Port B also requires that MCR6 be set 
to a "1" and MCR7 be set to a "0". ық 


4.3 РОВТ А (РА) 


Port А сап be programmed ма the Mode Control Register - 
(МСН) as a standard parallel 8-bit, bit independent, I/O port, 
or a counter I/O line. Table 4-2 tabulates the control and 
usage of Port А. i 


_ In addition to their normal 1/О functions, PAO can detect pos- 


itive going edges, and PA1 can detect negative going edges. 
Ап edge transition on these pins will set a corresponding 
status bit in the IFR and generate an interrupt request if the 


_ respective Interrupt Enable Bit is set. The maximum rate at 
_ which an edge can be detected is one-half the Z2 clock rate. 


Edge detection timing is shown in Section E.5.- 


Table 4-2. Port A Control & Usage . | 


© PAO-PAT ИО 


[wwe | те | 


РАО (1) | 10 РА2 
РА1(2) | WO 


РА I/O | РА2 COUNTER | 


| | MCRO- 1 
МСА = 0 


“маме | nee | маме | 


CNTR | OUTPUT | смта 


РАЗ-РА7 /О 
SIGNAL 


MCRO- X 


SIGNAL . 


| INPUT (3) - 


(1) POSITIVE EDGE DETECT (2) NEGATIVE EDGE DETECT (3) HARDWARE BUFFER FLOAT | 
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4.4 PORT B (PB) 


Port В can be programmed as ап ШО Port, an 8-bit tri-state 
data bus, or as а multiplexed bus. Mode. selection for Port 
B is made by the Mode Control Register (MCR). The Port B 
output drivers can be selected as tri-state output drivers by 
setting bit 7 of the MCR to 0 (zero) and bit 6 of the MCR to 
1. An all inputs condition is.created by setting both MCR6 
and МСА7 to 0 (zero). Table 4-3 shows the necessary set- 


tings for the MCR to achieve the various modes for Port В. . 


When Port B is selected to operate in the Abbreviated Mode 
PBO-PB7 serves as data register bits 00-07. When Port В 
is selected to operate in the Multiplexed Mode data bits DO 
through D7 are time multiplexed with address bits A4 through 
A11, respectively. Refer to the Memory Maps (Appendix B) 
for Abbreviated and Multiplexed memory assignments. See 
Appendix E.3 through E.5 for Port B timing. 


4.5 PORT C (PC) 


Port С can be programmed as an /О port and in conjunction 
with Port B, as an abbreviated bus, or as a multiplexed bus. 
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.. When used іп the abbreviated or multiplexed bus modes, 


РСО-РС5 function as А0-АЗ, R/W, and EMS, respectively, 
as shown in Table 4-4. EMS (External Memory Select) is 
asserted (low) whenever the internal processor accesses 
memory area between 0080 and OFFF. (See Memory Map, 
Appendix С). The leading edge of EMS may be used to 
strobe the eight address lines multiplexed on Port B in the 
Multiplexed Bus Mode. See Appendix E.3 through E.5 for 
Port C timing. и wn * E e 


4.6 PORT E, PORT Е AND PORT С (PE, 
PF & PG) R6500/42 ONLY | 


Port Е only operates in the Output mode. It provides а Dar- 
lington output that can source current at the high (1) level. 
Port F and Port G operate identically and can be pro- 
grammed as bidirectional 1/О ports. They have standard out- 
put capability. See Appendix E.3 through E.5 for Port E, F 
& Port G timing. mE E 


Table 4-3. Port B Control & Usage | 


ABBREVIATED 
MODE | 

| MCR7-1 
MCR6 - 0 


SIGNAL 


$ ИО MODES _ MULTIPLEXED MODE 


y MCR7=0 | MCR7 = 0 

d 8 | — MCR6 = 0 |. MCR6 = 1 
# 
49 


РМ |РМ ТУРЕ 
# (1) 
30 


| |. PHASE2 2 
SIGNAL | SIGNAL 
| маме | туре n | маме | TYPE (9 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT. 
OUTPUT 
“ООТРОТ 


(1) TRI-STATE BUFFER IS IN HIGH IMPEDANCE MODE (2) TRI-STATE BUFFER IS IN ACTIVE MODE 
(3) TRI-STATE BUFFER IS IN ACTIVE MODE ONLY DURING THE PHASE 2 PORTION OF A WRITE CYCLE 


Table 4-4. Port C Control & Usage 


Br ABBREVIATED MULTIPLEXED | 
/О MODE MODE MODE 
MCR7 = 0 МСА7 = 1 | МСА? = 1 
MCR6 = X 


MCR6 = 0 | | <“МСН6 = 1 "as 


SIGNAL SIGNAL | . SIGNAL 


TYPE TYPE TYPE 
(1) _ (2) 2 


(1) RESISTIVE PULL-UP, ACTIVE BUFFER PULL-DOWN 
(2) ACTIVE BUFFER PULL-UP AND PULL-DOWN 


OUTPUT OUTPUT 
OUTPUT OUTPUT 
OUTPUT . OUTPUT 
OUTPUT OUTPUT 
OUTPUT OUTPUT _ 


OUTPUT 


*PC6 if MCR5 = 0; INT if МСР5 = 1 


PCO | OUTPUT ^ OUTPUT 


OUTPUT 
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Two way data transfers are performed between the IPC and 
the Host microprocessor by means of the Output Data Reg- 
ister and the Input Data Register. The Host can also write a 
command to the IDR and read from the Host Status Flag 
Register. Table 5-1 shows the Host addressing matrix. A 
hardware interrupt procedure and a software polling proce- 
dure is i available to roel data tratio between the ОРИ апа 
Host. | | 


Table 5-1. 


HOST COMMAND 
STATUS FLAG „INPUT 
DATA REG 
OUTPUT 


Host Addressing Matrix 


DATA REG 
INPUT 


5.1 DATA REGISTERS 


The device has an 8-bit Input Data Register. (IDR) and an 
8-bit Output Data Register (ODR). The IDR serves as a tem- 
porary storage for commands and data from the Host to the 
device. When transferring data from the Host to the device, 
the following conditions are in effect: 


e CS is asserted 
. e RS (AO) indicates command input or x data input. 
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|» | .— SECTION 5 | 
HOST INTERFACE BUS 


e The contents of the host data bus (HBO-HB7) are copied. . 


into the IDR when the appropriate Host bus write signals 
аге asserted. | 


_ The ООВ serves аз а temporary storage for data from the 
device to the Host. When the Host is reading data from the 
_ device, the following conditions are in effect: 


e CS is asserted | 
• RS (AO) input selects ODR or HSFR 
e The contents of ODR or the Flag Register are placed on 


the host data bus (HBO-HB7) when the appropriate Host 
read signals are asserted. 


5.2 HOST STATUS FLAG REGISTER 


А Host Status Flag Register facilitates a software protocol 
that permits independent and uninterrupted flow. о data 
asynchronously between the host computer and the device. 


The Host Status Flag Register contains 8 flag bits that can 
be read at anytime by either the Host or the device. See Fig- 
ure 5-1. General purpose flags F2 through F6 are serviced 


by the device in either read or write modes and monitored 


by the Host (Read Only). 


Flag F1 can be read at anytime by either the host or the de- 
vice. The F1 flag copies the А0 (RS) input signal during any 
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host write data exchange. The device can write to the zi flag 
at any time. 


The ODRF (Output Data Register Full) flag is set each time 
the device writes to the Output Data Register. The setting of 
the ODRF sets the device Interrupt Status Register |ЕРЗ flag. 
An Output Interrupt (INT) may be generated under program 
control by setting IER3 in the interrupt enable register. The 
ODREF flag is reset only by a hardware reset or by the host 
performing a read on the output data register. The ODRF flag 
is reset following the conclusion of any host output data reg- 
ister read. The resetting of the ODRF causes the reset of the 
IFR3 flag and thus the reset of the external interrupt (INT). 


The IDRF (Input Data Register Full) flag is set following the 
conclusion of any host write data exchange. The setting of 
the IDRF causes |Е 82 of the device status register to be set. 


An internal interrupt may be generated under program con- 


trol by setting IER2 in the Interrupt Enable Register. The set- 
ting of IDRF also causes IFR4 to be reset. The IDRF resets 
during device read of the input data register. IFR2 sets and 
IFR4 resets following the reset of IDRF. IFR4 may.generate | 
an external output interrupt (INT, input buffer empty), under 
program control by setting. IER4 in the interrupt enable 
register. 


. The Host Status Flag Register is cleared by the RES input. 


. HOST STATUS FLAG REGISTER 


INPUT DATA 
REGISTER 
FULL FLAG 


OUTPUT DATA 
REGISTER 
| FULL FLAG 
COPIES RS ON 
‚7 WRITE FROM HOST 


© GENERAL PURPOSE 
FLAGS STATUS REGISTER. 


_Figure 5-1. Host Status Flag Register Bit Allocation 


5.3 HOST COMPUTER INTERFACE 


The device will work with a variety of Host Computers. The 


` HOST interface consists of a chip select, one address line, 


2 control lines and an 8 bit three state data bus. Internal logic 
of the device, controlled by МСРА, configures, the address 
and two control lines to either a 6500 or 8080 operational 
methodology. The interface is completely asynchronous and 
will work with a Host Computer up to a 5 MHz bus transfer 
rate. The device clock input frequency need not be the same 
as the Host's. A mode control register is set to match the 
interface to that of the Host device as follows: - 
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MCR4 = 0 When МОРА is set to a logic zero, the IPC is — .MCR4 : = 1 When МСРА is set to a logic one, the IPC is 


configured to operate on a 6502/6800 type host bus. In 
this mode, the E input is connected to the host transfer 
strobe (VMA or 02 for 6800, 02 for 6500) and the R/W 
input is connected to the host microprocessor R/W output 
line. Figure 5-3 and Table 5-2, together, specify the rel- 


В configured for operation оп ап 8080/280 type bus. In this 
. mode, the RD input is used as a read strobe and the WR 
-input is connected to the write strobe of the host micro- 


processor bus. Figure 5-4 and Table 5-3 show the rele- 


| | _ vant timing characteristics for this mode of operation. | 
evant timing for read and write cycles on this type of host | | | 
bus. 


Table 5-3. Host Interface 
Timing Characteristics BSEL = 1 (8080) 


CHARACTERISTICS | 
1 AND 2 MH SYMBOL 


cS, A0 Setup Time: 


"Table 5-2. Host Interface 
Timing Characteristics BSEL = 0 (6500). 


CHARACTERISTICS - | 
| 1 АМО 2 MHz - . | SYMBOL 


Cs, RW, RS Setup Time | 


. Access Time 


| Data Hold Time К ЖЕТЕ 


Write Data Setup Time | 


| Write Data Hold Time - 
Write Stroke Width | 


"NOTE: о ee pue |. *NOTE: 
· 90 ns when loading = 130 pf + 1 тті. LOAD and E 90 ns when loading = 130 pf + 1 TTL LOAD and 
775 ns when aei n 90 pf + 1 TTL LOAD. 75 ns when а = 90 pf + 1 TTL LOAD. 


ha- THE | 


сз 


„йй ПТ O 


a: 
ЕЕ TCS. RE ЫЕ _ es – | 
я И. E ХОУ ИДИ, 


TWR | 


La- тона TOHW 


Figure Th Timing. Diagram—Host Interface (MCR4 =0) (6500 Version) 


_ тсе 
cs та 
7771 TCS 


| 
pa 


^" нво-не7 


Figure 5-4. Timing Diagram—Host Interface (MCR4 = 1) (8080 Version) 
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SECTION 6. 
 СОЏМТЕВ/ПМЕР5 


The device contains a 16-bit counter and а 16-bit latch. as- 
sociated with it. The counter can be independently pro- 
grammed to operate in one of four modes: 


бой | 


Pulse-width measurement | 
Pulse Generation 

Interval Timer 

Event Counter 


Operating modes of the Counter are controlled by the Mode 
Control Register. All counting begins at the initialization value 
and decrements. When modes are selected requiring a 
counter input/output line, PA2 is selected for Counter I/O. 


6.1 COUNTER 


The Counter consists of a 16-bit counter and a 16-bit latch 
organized as follows: Lower Counter (LC), Upper Counter 
(UC), Lower Latch (LL), and Upper Latch (UL). The counter 
contains the count of either 02 clock pulses or external 
events, depending on the counter mode selected. The con- 
tents of the Counter may be read any time by executing a 
read at location 0018 for the Upper Counter and at location 
001A or location 0019 for the Lower Counter. A read at lo- 
cation 0019 also clears the Counter Underflow Flag (IFR5). 


The 16-bit latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch at location 0018 and the Lower Latch at location 001A. 
In either case, the contents of the accumulator are copied 
into the applicable latch register. 


The Counter can be started at any time by writing to address 
0019. The contents of the accumulator will be copied into the 
Upper Latch before the contents of the 16-bit latch are trans- 
ferred to the Counter. The counter is set to the latch value 
whenever the Counter underflows. When the Counter dec- 
rements from 0000 the next counter value will be the latch 
value, not FFFF, and the Counter Underflow Flag (IFR 5) will 
be set to "1". This bit may be cleared by reading the Lower 
Counter at location 0019, by writing to address location 0019, 
ог by RES. 
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The Counter operates in any of four modes. These modes 
are selected by the Counter Mode Control bits in the Control 
е8 587. 


Interval Timer 


Pulse Generation 
Event Counter 
Pulse Width Measurement 


The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are 2 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the CNTR line (PA2). 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. | 


6.1.1 Interval Timer Mode 


In the Interval Timer mode the Counter is- initialized to the 
Latch value by either of two conditions: 


1. When the Counter is decremented from 0000, the next 
Counter value is the Latch value (not FFFF). 


2. When a write operation " performed to the Load Upper 

Latch and Transfer Latch to Counter address 0019, the 

. Counter is loaded with the Latch value. Note that the 

contents of the Accumulator are loaded into the Upper 

Latch before. the Latch: value is transferred to the 
Counter. | 


The Counter value is decremented by one count at the 2 
clock rate. The 16-bit Counter can hold from 1 to 65535 


counts. The Counter Timer capacity is therefore 1s to 65.535 


ms atthe 1 MHz (2 clock rate ог 0.5и5 to 32.767 ms at the 
2 MHz 92 clock гаје. Time intervals greater than the maxi- 
mum Counter value can be easily те: measured by counting IRQ. 
interrupt requests in the counter IRQ interrupt routine. 


When the Counter decrements from 0000, the Counter Un- 
derflow (ІРА5) is set to logic 1. If the Counter Interrupt Enable 


Bit (IER5) is also set, an IRQ interrupt request will be gen- 
erated. The Counter Underflow bit in the Interrupt Flag Reg- 
ister can be examined in the IRQ interrupt routine to deter- 
mine that the IRQ was generated by the Counter Underflow. 
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While the timer is operating in the Interval Timer Mode, PA2 
operates as a PA І/О. 


A timing diagram of the Interval Timer Mode i 15 Showa in Fig- ^is 


ure 6-1. 


COUNTER UNDERFLOW. 


БЕГЕН ED 


_ COUNTER INTERRUPT ENABLED [ | 


ЗЕТ АМҮ ПМЕ ВЕҒОНЕ 


COUNTER UNDERFLOW FLAG COUNTER UNDERFLOW| | | E 


Figure 6-1. Interval Timer Timing Diagram 


6. 1.2 Pulse Generation Mode 


In the Pulse Generation mode, the PA2. tine: operates аза | 


Counter Output. The line toggles from low to high or from 
high to low whenever a Counter-Underflow occurs, or a write 
is performed to address 0019. . ; 


The normal output waveform.is a symmetrical square-wave. · 


The PA2 output is initialized high when entering the mode 
and transitions low when writing to 0019. 


Asymmetric waveforms can be generated if the value of the 
“ак is changed after each counter underflow. 


A one-shot waveform can be generated by changing Кот 
Pulse Generation to Interval Timer mode after only one oc- 
currence of the output toggle condition. 


6. 1. 3 Event Counter Mode 


In-this mode PA2 is used as an Event Input line, and Ше. 
Counter will decrement with each rising edge detected on 

this line. The maximum rate at which this edge can be de- 

tected is one-half the Й2 clock rate. 


The Conor can count up to 65,535 occurrences before un- 
derflowing. As in the other modes, {Не Counter Underflow | bit 
TES) is set to logic: 1 if the underflow occurs. uo "um 


| че 6.2 15 а timing diagram of the Event Counter Mode. 


Figure 6-2. Event Counter Mode | 


"One-Chip Intelligent Peripheral Controllers 
, 6.1.4 Pulse Width Measurement Mode 


я This mode allows the accurate méasurement of a low pulse 
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-- "duration on the PA2 line. The Counter decrements by one 


count at the #2 clock rate as long as the PA2 line is held in 


the low state. The Counter is lopped when PA2 is in the 
high state.. 


The one: underflow flag will be set only when. the. count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 

as long as:the PA2 pin is held low. After the counter is 
stopped by a high level on PA2, the count will hold as long 
as PA2 remains high. Any further low levels on PA2 will again 
cause the counter to count down from its present value. The 
state of the PA2 line can be determined by testing the state 
of PA2. - 


| One-Chip Intell igent Peripheral Controllers 
SECTION 7 
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РОМЕН ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER ON TIMING 


After application of VCC power to the device, RES must be | 


held low for at least eight stable 82 clock cycles after Мес 
reaches operating range. 


Figure 7-1 illustrates the power turn-on waveforms. External 
clock stabilization time is typically 20ms. | 


|--— Clock Stabilization Time -- | | 


|-— 8 #2 Clock Сусе МП —- 


Figure 7-1. Power Turn-On Timing Detail 


7.2 POWER-ON RESET 


The occurrence of RES going from low to high will cause the 
device to. set the Interrupt Mask Bit—bit 2 of the Processor 
Status Register—and initiate a reset vector fetch at address 
FFFC and FFFD to begin user program execution. АН of the 
ИО ports will be initialized to the high (logic 1) state. АН bits 
of the Control Register will be cleared causing the Interval 
Timer counter mode to be selected and ш, а! interrupt 
enabled bits to be reset. | 


7.3 RESET (RES) CONDITIONS 


When RES is driven from low to high the device is put in a 
reset state causing the registers and 1/O. pu to be set as 
shown in Table 7-1. 
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Table 74. RES Initialization of I/O Ports and Registers 
ВІТ NO. ———~ 


E , REGISTERS 


Processor Status - 
Mode Control (MCR) ` 
Int. Enable (IER) 
Int. Flag (IFR) 

‚ Host Status Flag | 

. Input Data 


Output Data 


PORTS 
PA Latch 
PB Latch 
PC Latch 
PE Latch 
PF Latch | 


РС Latch 


А6500/42 
опју 


АН RAM and other CPU registers will initialize in a random, non- 
repeatable data pattern. 


7.4 INITIALIZATION 


Any initialization process for the device should include a RES 
as indicated in the preceding paragraphs. After stabilization 


of the external clock (if a power on situation) an initialization _ 


routine should be executed to perform (as a minimum) the. 
following functions: | 


The Stack Pointer should be set 

Clear or Set Decimal Mode 

Set or Clear Carry Flag | | | 
Set up Mode Controls and Counter as ; required. 
Clear Interrupts. 9 20 


DO xu MS 


A typical initialization. routine could be as follows: : Е 


LDX T stack pointer starting address into. 
X Register 
TXS Transfer X Register value to Stack Pointer 
CLD Clear Decimal Mode - | | 
SEC  . Set Carry Flag- 
каза Set-up Mode Control, | 
Counter, special function 
ЖТТ registers and Clear RAM as es 
CLI Clear Interrupts · : 
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| | “APPENDIX A mM 
EXPANDED R6502 INSTRUCTION SET 


This appendix contains a summary of the R6502 instruction - The four instructions notated with a * are added instructions for 


- set. For detailed information, consult the R6502 Microcomputer the IPC devices which enhance the standard 6502 instruction 


System Programming Manual, Document 29650 N30. set. 


” АЛ INSTRUCTION SET IN ALPHABETIC 
22-2 SEQUENCE 


| MNEMONIC | INSTRUCTION — — Г] мнемон | INSTRUCTION 


Add Memory to Accumulator with E LDA Load Accumulator with Memory | 
"AND" Memory with Accumulator — LDX Load Index X with Memory 
Shift Left One Bit een or г Добив) LDY Load Index Y with Memory 


Shift One Bit Right (Мете ог 
Accumulator) 


| Branch on Bit Reset Relative 

| Branch on Bit Set Relative | 

Branch on Carry Clear | | ` 7 _ NOP 
Branch on Carry Set... 

Branch on Result Zero pt | 

Test Bits in Memory with Accumulator | . ORA 
Branch on Result Minus | | 
Branch on Result not Zero Ре | | 
Branch on Result Plus | | PHA 
Force Break i ZU PHP 
Branch on Overflow Clear 2 PLA 
Branch on Overflow Set | | 


No Operation 


| "OR" Memory with Accumulator 


Push Accumulator on Stack 
Push Processor Status on Stack 
Pull Accumulator from Stack 
Pull Processor Status from Stack 


Reset Memory Bit 
Rotate One Bit Left (Memory or 
Accumulator) 

Rotate One Bit Right ТӨЛЕН ог 
Accumulator) 

Return from Interrupt 
Return from Subroutine 


Clear Carry Flag 
Clear Decimal Mode | | ROL 
Clear Interrupt Disable Bit | | 
Clear Overflow Flag - | | ROR 
Compare Memory and Accumulator 4 

Compare Memory and Index X | . АТ 
‘Compare Memory and Index Y RTS 


Subtract Memory from Accumulator with 
Borrow 

. Set Carry Flag 

Set Decimal Mode 

Set Interrupt Disable Status 

Set Memory Bit 

Store Accumulator in Memory 

Store Index X in Memory 
| Store Index Y in Memory 


Decrement Memory by One 
Decrement Index X by One | | 
Decrement Index Y by One . | `_ SEC 


"Exclusive-Or" Memory with | _ *SMB 
Accumulator | STA 


Increment Memory by One 
Increment Index X by One 
Increment Index Y by One | TAX 


| Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator - 
Transfer Index X to Stack Register 
Transfer Index Y to Accumulator 


| Jump to New Location | | ТХА 
Jump to New Location Saving Return TXS 
Address | 
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ІРССЕ 


A.2 R6500/41 АМО R6500/42 INSTRUCTION SET SUMMARY TABLE 


ореватом — |мегитеаввоготдиено PAGE] ACCUM, | IMPLIED | оноо | име. [z PAGE x] ABS X | ans, т [RELATIVE] INDIRECT [z PAGE, v 
бзге гур of or Teor АГАШ oee eee oor of 521160 6282315331362 СЕЖЕ КА 


А+М+С—А (4)(1) | v 
J (1) | | ка 
| (7-81-80 | т | 
-7)) |Вгапсћоп М.-0 (5) - | : | 17] 2Е | ЗЕ | 4Е| 5Е | 6F | ?F 
-7) {Branch on М,-1 (5) 3 i ВЕ | 9F| АЕ | ВЕ | СЕ| ОЕ | EF | ЕЕ|-. 
(2) | қ 
(2) lc NT 
(2) | "ue 
(2) - - я 
4 i). . 
(2) | | 
[Bran а (2) | 
=1 (2) 7 
4 д 
Амв|#(0-7) | | 17 | 27 | 37 |47 | 57 | 67 |77 
RØL ы | 
ваң ; | 
ВТІ. | я | 
RIS | trn | p | в | : 
87 | 97 | А7 | 87 (с? | 07 | E? |Е7 | - 
5ТА | [80 | 4 . 


es • = © • аа «= 


«= э © © ù è & во» 
е «е c» @ з + è э o • эт е е 


|NNNNNNNNNINI C • 


2 
2 
2 
2 


. 
- 
е 
« 
. 
LI 
. 
е. . 
е . 
. LI 
е . 
• . 
» . 
. 

с 
. . 
* . 
. . 
. + 
. 


тео 9 « à è = 


z--2.0222-..2zzzzzzzz2zz2z2z^*^ 


* © 9 © b а è за 


Noe eNe 


N 
М. 
N V . 
. 1 
AA м. . 
AB м. + 
ВА м . 
ВА N А 
ЗА А А 
98 м + 
Ё M, = Memory Ви 6 
1. Add 1 to N if page boundary is crossed X = |ndex X . = Ада 
2. Add 1 to МИ branch occurs to same page Y = Index Y " - - Subtract 
Add 2 to N if branch occurs to different page А = Accumulator = А = And 
3. Carry not = Borrow : . | 7 м = Memory per effective address v z Or 
4. It in decimal mode Z flag is invalid. "Er | М, = Memory per stack pointer | Y = Exclusive Or 
accumulator must be checked on zero result. M, = Selecter zero page memory bit m = Number of cycles 
5. Effects 8-bit data field of the specified zero page address. M, = Memory Bit 7 ж = Number of Bytes 


гу/0059Н pue 17/00089Ы 


зоподпоо |езецаџеа шәбіәш Фчо-ено | 
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A.3 INSTRUCTION CODE MATRIX 


ВАК | —OP Code | 
Implied | —Addressing Mode: 
1 7 | —Instruction Bytes; Machine Cycles 


1 2 3 4 $ 6 7 


LSD | 
Е 0 
= ВАК | ОНА ORA | ASL | АМВО | P ОВА | ASL 

0 | Implied | (IND, X) 2Р ZP ZP | Implied 

Sak 206 28.3: 28 12.8 

. BPL | | | 
| i 
1 


Relative | (IN 
| 22" 


8 
НР | 
13 
CLC 
Implied |) 
12 
|| PLP 
implied 
IE 4 
SEC 
Implied 
12 
НА 


Р 


(трнед 
1 з- 


CLI | E 
. Implied 
LA 
Implied 
i 
SEI | 
Implied | A 
1 

E 

A 


1 2 

4 

2 
DEY TXA 
Implied Implied 
1 1 2 

TYA 

Y 

2 

D 


| 2 

"| ATS ADC 

6 | Implied | (IND, X) 
1 6 2 6 
BVS 


P 
2 
STA TXS 
Implied | ABS, Y |Implied 
1 2 1.3 5 | 2 
T. LDA TAX 
Implied IMM Implied 
-1 2 2 2 1 2 
CLV | LDA | TSX 
Implied | ABS, Y | Implied 
1 3 4’ 12 
ІМҮ СМР ОЕХ 
Implied | ІММ  |Implied 
12 2 2 12 
CL CMP 
Implied | ABS, Y 
1 2 3 4 


INX | SBC | NOP CPX | SBC | INC 
Implied | IMM | Implied ABS | ABS | ABS. 
12/22/12 34/34/36 
SED | 
Е | Relative| (IND), Y Implied | A 
2 2"|2 5 12 
8 


0 1 2 3 4 5 6. 7 


“Ада 1 to МИ page boundary is crossed. 
** Add 1 to МИ branch occurs to same раде; 
add 2 to N if branch occurs to different page. 
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APPENDIX B 
KEY REGISTER SUMMARY 


CPU Registers 


7 0 
7 0 
0 


| 


STACK POINTER S 


ПОШ CH EA EM ER PROCESSOR STATUS НЕС P 


Mode Control Register 


MCR ADDR 0014 
COUNTER 
` SELECT MODE 
BUS MODE 
SELECT 
NOT USED 0 0 INTERVAL TIMER 
0 1 PULSE GENERATOR 
: 1 0 EVENT COUNTER 
BUS SELECT 1 1 


0 - 6500/6800 BUS 
1 - Z80/8000 BUS 


PORT B ALL INPUTS 
PORT B ALL OUTPUTS 
ABBREVIATED BUS MODE 
MULTIPLEXED BUS MODE 


--—00 
=a~o-o-— 


Host Status Flag Register 


FULL FLAG 


OUTPUT DATA REGISTER: 
FULL FLAG 


COPIES RS ON 
WRITE FROM HOST 


GENERAL PURPOSE. 
FLAGS STATUS REGISTER 
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PULSE WIDTH MEASUREMENT 


T 
0 PC6 ien | 
1 Е 


ADDR 001Е 


INPUT DATA REGISTER 


Processor Status Register 


7 6 4 4 3 2 1 0 
| = T P CARRY (С) (1) 


д 1. Carry Set 
0 - Carry Clear 


Zero (2) (1) 

1 - Zero Result 

0 - Моп-Хего Result 

INTERRUPT DISABLE (1) (2) 

1 - IRQ interrupt Disabled 

0 = IRQ Interrupt Enabled 
- DECIMAL MODE (0) (1) 

1 - Decimal Моде 

0 - Binary Моде 

BREAK COMMAND (B) (1) 

1 - Break Command 

0 - Non-Break Command 

OVERFLOW (O) (1) 

1 = Ометом Set 

0 = Overflow Clear 

NEGATIVE (N) (1) 


- 1 = Negative Value __ 
0 - Positive Value 


NOTES 
(1) Not initialized by RES : 
(2) Set to Logic 1 by RES © 


Interrupt Enable and Flag Registers 


ADDR 0012 


ADDR.0011 


РАО POSITIVE 
EDGE DETECT | 
INTERRUPT ENABLE 


PA1 NEGATIVE 
ЕОСЕ DETECT 
INTERRUPT ENABLE 


INTERNAL INTERRUPT | 
REQUEST, IRQ ENABLE 


EXTERNAL INTERRUPTS REQUEST 1, 
INT-1 ENABLE: 


EXTERNAL INTERRUPT REQUEST 2, 
ІМТ-2 ENABLE | 


COUNTER UNDERFLOW 
INTERRUPT ENABLE 


Host Addressing Matrix 


OST | COMMAND 
STATUS FLAG INPUT | 
DATA REG . РАТА REG 

OUTPUT МРОТ 
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"T K^ APPENDIX с Ж ИЕ 
MEMORY MAPS AND ADDRESS AND PIN ASSIGNMENTS. 


C.1 ABBREVIATED BUS MODE MEMORY MAP 


| IRQ VECTOR : 
- (RES VECTOR . 


OFFF 


v; ,ZONE FOR 16 
22: PERIPHERAL. ^ 
DEVICE ._· 


EMS (АСТМЕ LOW). 


ADDRESSES + 


(64 BYTES) 


TES VECTOR | 


"EXTERNAL 
MEMORY 
4096-128 BYTES 
MULTIPLEXED 
DATA AND ADDRESS : 
BUS, | 


EMS (АСТМЕ LOW > || 


INTERNAL ВАМ _ 
(64 BYTES) _ 


` INTERNAL à 
VO AND REGISTERS 


“INTERNAL: RAMs, 


..* R6500/42 ONLY 
· «DELETED FOR NORMAL MODE 


| INTERNAL 
/ REGISTERS 
^. 
gs 
ИЕ 
/. 
/ 
/ 
/ 
/ 


INTERNAL 
ПО PORTS A, B, C 


* R6500/42 ONLY 


INTERNAL 
_ REGISTERS 


INTERNAL © 
VO PORTS Е, Ға С" 


INTERNAL Де 
VO РОЯТ5А ВС | 


*R6500/42 ONLY 
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С.З ИО AND INTERNAL REGISTER ADDRESSES 


ADDRESS 
Host Status Flag Register. 
Input Data Register (DR) | 
Lower Counter 
Lower Counter & Clear Flag (IFR5) 
Upper Counter 


Mode Control Register 


Interrupt Enable Register. 
Interrupt Flag Register 
Read "FF" | 


Port G (R6500/42 only) 
Port F (R6500/42 only) 
Port E (R6500/42 only) 


Host. Status Flag Register 


Output Data Register (ODR) 


Lower Latch 
Upper Latch/Transfer Latch to Counter & Clear. Flag (IFRS) 
Upper Latch 


Mode Control Register 


Interrupt Enable Register 


Clear Int Flag Bit 


Роп С (R6500/42 only) | 
Port F (R6500/42 only) 
Port E (R6500/42 only) 


C.4 MULTIPLE FUNCTION PIN ASSIGNMENTS | 


_ PIN NUMBER n | O 
R6500/41 _ R6500/42 FUNCTION 


РС4 
PC5_ 
РСӨЛМТ 


ABBREVIATED PORT . | 


: MULTIPLEXED PORT | 
- FUNCTION | 


FUNCTION 


.A8/D4 
A9/D5 
. A10/D6 
A11/D7 
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BAS and пово m 


MAXIMUM RATINGS” | | 


` | Supply Votage | 


еве ва Т 
[input Votiage | o 


— 0.3 to +7.0 


Oto +70. 


Operating Temperature. 
Commercial · 


Storage Temperature 


|. DC CHARACTERISTICS · 
(Vec = 5V i596, Vss = 0) 


Parameter 


> Power Dissipation (Outputs High) | 
- Commercial 0°C to +70°С 
input High Voltage (Normal Operating Levels) 
= Input Low Voltage (Normal Operating Levels) 37 
Input Leakage Current | 
"Ма = 910 5.25 Мас 
Input Low Current 
(Vu = 0.4 Мас)” 
Output High Voltage 
(Усс = тїп, lLOAD = ~ 100 de) 
Output High Voltage 
(Мсс = min) 
‚ Output Low Voltage 
(Vec = min, Ї ОАО = 1.6 тАсіс) 


Output High Current (Sourcing) 
(Мон = - 2.4 Мас) i 


Output Low Current (Sinking) 


.. Darlington Current Drive, РЕ" 
^ (Мон = 1.5 Мас. 


Output Low Current, РЕ" 
(VoL = 0.4 Мас) 


: Inpüt Capacitance За 
05 (Vin = 0, ТА = 25°C, f = 1.0 MHz) 
РА, РВ, PC, РЕ“, РО" 
Output Capacitance. | | 
(Vin - 0, ТА = 25°С, f = 1.0 MHz) | 


_ МО Port Resistance ` > 
‚ PAO-PA7, PCO-PC6 : 
_ PFO-PF7, PGO-PG7 


Note: паране Sg indicates outward current flow, positive indicates inward flow. | Vec = 5V +5%. 
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*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those. indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 

extended periods тау affect device голари у“ 


‚ .*R6500/42 опу. 


6500/41 and R6500/42 


.. One-Chip Intelligent Peripheral Controllers 


APPENDIX E 
TIMING REQUIREMENTS AND CHARACTERISTICS 


E.1 GENERAL NOTES 
1. Усс 5У = 5,0C€ < ТА < 70C 


2. А valid Усс — RES sequence 15 required before proper 
operation is achieved. 


З. All timing reference levels are 0.8V and 2.0V, unless 
otherwise specified. 


4. All time units are nanoseconds, unless otherwise specified. 


5. АП capacitive loading is 130pf maximum, except as noted 
below: 


PA, PB — 
PB, PC (I/O Modes Only) — 
PB, PC (ABB and Mux Mode) — 


50pf maximum 
50pf maximum 
130pf maximum 


| SYMBOL PARAMETER 


E.2 CLOCK TIMING 


CLKIN Input Clock 
Pulse Width 


475 


Width at Minimum 
Tove | 


Output Clock Rise. 
Fall Time 


Input Clock Rise. 
Fall Time 
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R6500/41 and R6500/42. . One-Chip Intelligent Peripheral Controllers 
E.3 ABBREVIATED MODE TIMING—PB AND PC | 


(MCR 5 - 1, MCR 6 - 0, MCR 7 - 1) 


SYMBOL PARAMETER 


KI 
ти» ес RW Setup Tine [= 
Тег |60009 Adress Setup Tine | — 
L'ENICICETIONMENNNCE 
Tom | PB) Data Read Hod Tmo — | 107 
ae 
ЕСЕ 
ЕСЕ 


= 
+ 
о 


(РВ) Data Write Hold Time 
E 
(PC5) R/W Hold Time ЕЕ 
en | eca Sroa to ЕЕ 
Жегі 
_350 | 


150 


| (PC4) EMS Stabilization Time | 30 | 
EVE Set Tie. MET 


NOTE 1: Values assume PCO-PC5 have the same capacitive load. - 


г 
= 
о 


E.3.1 Abbreviated Mode Timing Diagram 


(PCS) /// | 


РВО-РВ7 


R6500/41 and Р6500/42 |. On 
. E.4 MULTIPLEXED MODE TIMING—PB AND РС 


(MCR 5 - 1, MCR 6 - 1, MCR 7 - 1) 


PARAMETER 


SYMBOL 


Tecns (PC5) R/W Setup Time 


Theas (PB) Address Setup Time | — | 


(РВ) Data Setup Time 


Teasu 


Trenn (PB) Data Read Hold Time 


ЕСЕ 
ЕЕ 
Tom | (PB) ata ине Hold Time | 207 
Tes | (PB) Data Ойра ону | 
тен | ОЗС Ames How Tine | | — ||| 
ce 
ЕЕ 
EN 
EN 


EMS Setup Time 


Тезу 


NOTE 1: Values assume РСО-РС5 have the same сарас ме load. 


E.4.1 Multiplex Mode Timing Diagram 


Ж 


~ 7] Dr 


| ХХ | ` 


TPBAS o Трсур 
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WRITE | 


R6500/41 and R6500/42 - 7 08 Опе-Стр Intelligent Peripheral Controllers 
Е. 5 1/0, ЕОСЕ ОЕТЕСТ АМО СОЏМТЕВ ТІМІМС | 


SYMBOL PARAMETER 
= т S 


Internal Write to Peripheral Data Valid 
PA, PC TTL 
PA, PC CMOS. 

PB | 

Peripheral Data Setup Time 

PA, PC 

РВ | 

Peripheral Data Hold Time 


Tu 
| Тена 


Counter 


| РАЗ Input Pulse Width 
PA2 Output Delay 


NOTE 1: Maximum Load Capacitance: 50pF Passive Pull-Up Required 


E.5.1 1/0, Edge Detect, Counter 


$2 | 15V N | ке: 
РАО-РА7 ПРИМ 


1.5У 
Tppsu 
SS 
um к MEN ње 
PCO-PC7 | 
ПАЗ AM = 
| Е | | С ТЕРМ | | 
. CNTR | p | ER: | 1.5V X 
.PA2 | 
| Тору Тери 
Сы” - n | Еу» a | 
© CNTR Ж 220 
РА? _ 
| | | 04V | 
| По Tpppw ME | | 
РАО-РА7 
PBO-PB7 


PCO-PC6 
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R65/41EB e R6S/41EAB 
. R6500 Microcomputer System 


ДШИ R65/41EB АМО R65/41EAB 


_ BACKPACK EMULATORS 
Rockwell 


INTRODUCTION еге Qux an FEATURES 


The. Rockwell. R65/41EB. and R65/41 EAB Backpack Emulator | е PROM version of the R6500/41 — 
is the PROM prototyping version of the. :8-bit, masked- ROM | — e АП Host bus features of R6500/41 Ж 


` R6500/41 one-chip microcomputer. Like the R6500/41, the 
backpack device is totally upward/downward compatible with all 
members of the R6500/41 family. It is designed to accept stan- 
. dard 5-volt, 24-pin EPROMs or ROMs directly, in a socket on e Profile approaches 40-pin DIP of R6500/41 
top of the Emulator. This packaging concept allows a standard Accepts 5 volt, 24-pin industry-standard EPROMs 
EPROM to be easily removed, re-programmed, then reinserted —4K memories— 2732, 2732A 


e Completely pin compatible with R6500/41 single-chip micro- 
_ computers 


as often as desired. e Use as prototyping tool or for low volume production 
x | | e 4K bytes of memory capacity 
The backpack devices have the same pinouts as the masked- 
| HEN AEN: e 64 x 8 static RAM 

ROM R6500/41 microcomputer. These 40 pins are functionally | 

and operationally identical to the pins on the R6500/41. The • Software compatibility with the R6500 family 

R6500/41. Microcomputer Product Description (Rockwell Docu- e 23 bi-directional TTL compatible /О lines 

ment No. 29651N38, Order No. 2135) includes a description of . e 16 bit programmable counter/latch with four modes (inter- 
Һе interface signals and their functions, Whereas the masked- |“ || уа! timer, pulse. generator, event counter, pulse width 

ROM R6500/41 provides 1.5K bytes of read-only memory, the measurement) 

R65/41EB will address 4.0K bytes of external program memory. e 7 interrupts (reset, two external edge sensitive, counter 
_ This extra memory accommodates program patches, test pro- underflow, Host data received, Output data register full, Input 
_ grams or optional programs during breadboard and prototype . . .. data register empty). 


| deve ЗА states. e External time base 


e Single +5V power supply 
ORDERING INFORMATION | | 


Backpack Emulator 


Part “Memory | Compatible FX Temperature d 
Number ава. Memories Range and Speed | 


R65/41EB E 0°C to 70°С. 


1MHz 


R65/41EAB p opns | ФС to 70°C 
dud | ү 2 MHZ .. 


Support F Products 


| Part ge | 
| Number prr Description | 


565-101 | _ SYSTÉM 65. Microcomputer 
2 | E ща Development System: · 
M65-040 ~ PROM Programmer Module 


M65-131 = 1-MHz R6500/41 Personality Module 
M65-132 ^. 2-мНг R6500/41 Personality Module 
RDC-1001 Rockwell Development Center = 
АОС-131 1 MHz R6500/41 Personality Set (RDC) 
RDC-132 “ла MHz 6500/41 спорен Set (RDC) 


R65/41EB-R65/41 EAB Backpack Emulator P 


Document Мо. 29001D14 | | ан 5 ; | Data Sheet Order No. D114 
ии | | 8251 STR | | February 1983 


| 865/41 Е B. е 965/41 EAB 


Backpack Emulators 


CONFIGURATIONS | 


The Backpack Emulator is available in two different versions, | 
· to accommodate 1 MHz апа 2 MHz speeds. Both versions | 
provide 192 bytes of RAM and /О, as well as 24 ша to . 


support the external memory “backpack” socket.: 


External 4K memories with addresses of 000 to FFF, are 
upward translated to addresses F000 to FFFF when assem- 
bled to form the Backpack Emulator. 


JA EXTERNAL FREQUENCY REFERENCE _ 


^^ The external frequency reference is an output timing signal 
| geo. This is an internally synchronized 1 x clock output suit- 


| able for stern memory or peripheral interfacing. - 


/О PORT PULLUPS 


The emulator devices һауе internal /О port PT resistors 
on ports A and C. Port B has tri-state drivers. 


24 PRON/ROM _ 
PINS 


PRODUCT SUPPORT | 


The Backpack Emulator is just: one yof the МЕГА that Rock- | 
well offers to facilitate учы. апа ргодгат developman 


dor. the R6500/41. 


The SYSTEM 65 Microcomputer реше Syston with 
R6500/41 Personality Module. supports: both hardware. and 


` software development. Complete in-circuit user emulation 


with the R6500/41 Personality Module allows total system 
test and evaluation. With the optional PROM Programmer, 
SYSTEM 65 can also be used to program EPROMS for the 
development activity. When PROM programs have been fin- 


. alized, the PROM device сап be sent to Rockwell for masking 


into the 1 5K ROM of the R6500/41. 


In addition: to support products, Rockwell offers ОИ 
scheduled designer courses at t regional: centers. + 


EDGE 
OSCILLATOR DETECT Рр - 
-ч |, мес, VSS 


РАО-РА? 


INTERRUPT - 


HBO-HB7 


INPUT DATA те 
REGISTER -4, 
.RS (АО) 
E (RD) 
R/W (WR) 


. . 40 R6500/41 
COMPATIBLE PINS 


R65/41EB Interface Diagram 


Н65/41ЕВе R65/41EAB Mec P uc MEE Backpack Emulators 


og Че и BACKPACK: MEMORY SIGNAL. 
~ ERD) []2 ¿CLKIN — А DESCRIPTION | 
АМ (WR) г] з -RES гл 
|. RS (Аб). 4 PB7 TN Signal : р 
| ноо ГЇ 5 PB6 — “Мате | PinNo.| — к ‘Description | | 
HD1 6. PB5 | 00-07 95-115, Data Bus Lines. All, nection -and data |. 
HD2- 7 PB4 | 138-178 | transfers take place on the data bus lines. 
HD3 8 PB3 | . | The buffers driving the data bus lines have 
HD4 9 PB2 | | | full three-state capability. Each: data bus 
HD5 PBI 2 X. | pin is connected to ап. input and an output 
HD6 .PBO | | buffer, with the output buffer. азага їп 
HD7 | : PAT ^ the floating condition. — 
E | 24-PIN SOCKET E | ipod | rri | 18-85, | Address Bus Lines. The address bus lines 
| | ph lt | Mid Bena 'А10, |225, 235 | are butfered by push/pull type drivers that 
| poe Sas | Ам 195, 21$ | сап drive one standard TTL load. 
ВСА paz | СЕ 1188 | Chip Enable. deut 
PC5 РА | ОЕ 205 | Memory Enable Line. fhis signal provides 
PC6 PAO | | the output enable for the memory to place 
#2 Vss s information on the data bus lines. This 


| | | signal is driven by the R/W signal fro from the 
Pin Configuration TE тый | CPU and then inverted to form OE. This 

| | | | signal is driven by the inverted address line 
А11. The OE signal will be low (ог | 


(1) PIN 21 is Усс for R65/41EB or A11 for R65/41EB ERT е ин Шап OFE е. 
| Ж | | Vec. 24S Main Power Supply +5V. This pin is tied 
е | directly to рт 40 (Усс). | 
Мао: |125 Signal and Power Ground (zero volts). This 


| pin is tied directly to pin 21 (Vss). 


_ VO AND INTERNAL REGISTER ADDRESSES 


Address ЖОП Read | | mE в ~ Write 


— — — — 


i Host Status Flag Register 


— ; sat пелі S 


+ Output Data Register (ODF) - 


.. Host Status Flag Register 


qme, 


; RM input | Data а Register (DA) 


_ Lower Counter | : Lower Latch 
_ Lower Counter &. Clear Flag (ERS). | Џррег Latch/Transfer Latch to Counter А Clear Fag (IFR5) 


| | Upper Counter Ha, Ts | Upper Latch 


Mode Control | Register tes 


F Моде Control Register 


A MI NERONE n „л 


2 пети Enable Register 


с interrupt E Enable Register 
Interrupt Flag Нрокнег 
. Read “FF” = 


y ) Clear Int Flag Bit. E 


| OStruOF Т | | —— | v но Sng. = 
02 Ройс .. M gs is Port C 
01. СРИВ oo a ` |. PotB . d FILE | 
000 | РА |  . | ДРЕ Port A ^ EMI 
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READ TIMING CHARACTERISTICS _ 


Signal | 
OE and CE setup time from CPU 
Address ‘setup time from CPU - 
Memory read access time 
. Data set up time 
“Оайа hold time— Read 
Address hold time | 
OE and CE hold time 
“Cycle Time - 


READ TIMING WAVEFORMS. 


La » 


OE 


ADDRESS FROM - 
gere i 


DATA FROM 
MEMORY | 


ABBREVATEDBUS ы MULTIPLEXED BUS 
MODE MEMORY MAP SR MODE MEMORY МАР. 


FFFE Та VECTOR | : | Я IRG VECTOR 
кекс | певустоя — Apa Ж» 23 RES VECTOR ” 


FFFB MN 

ҒА00 Я 

EXTENDED : А . А ЕХТЕМОЕО 
"F000 ROM (2.5K)* "e : | НОМ (2.5К) . 


| | | MEMORY 
EMS (ACTIVE LOW) = о EMS Active Low)| | 4096-128 BYTES | 


| | 2. "| | ADDRESSES pesar 


|| DATA AND ADDRESS 
: BUS NE 
м 80 
. INTERNAL RAM орт INTERNAL НАМ 
| (64 BYTES) (64 BYTES) | | 


ЈЕ | INTERNAL | INTERNAL ZW. 
à ИО AND REGISTERS VO PORTS А, B,C _ 


*R6500/42 ONLY 


| — | | 001Е - - | c 
| | : | | | INTERNAL Е | | га ; ЕР | INTERNAL ^ — 
ZONEFOR16  . | REGISTERS | E: EXTERNAL „Боа 9 ЖЕ. пкавтейв 
| of | | a 


“Not available for masked НОМ Н6500/41.! 
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R65/41EB e Н65/41ЕАВ | | __ Backpack Emulators 


ELECTRICAL CHARACTERISTICS 
(Масне = 5.0 + 5%, Vss = 0, ТА = 25°C) | 
Characteristic 


А Input- High Threshold Voltage - 
00-07 


Input Low Threshold Voltage M 
00-07 


Three-State (Off State) Input Current 
(М = 0410 2.4У, Усс = да 
00-07 


Output High Voltage 
(Коло = 100: Аде, Мос = 4.75V) 
00-07, A0-A11, OE, СЕ ЧЕ 


Output Low Voltage 
(Подо = 1.6 тАсс, Усс = 4.750) 
00-07, A0-A11, OE, СЕ 


Power Dissipation (less EPROM) 


 Capacitance 
(Vin = 0, ТА = 25°C, f = 1 MHz) 

00-07 (High Impedance State) 

Input Capacitance 


/О Port Pull-up Resistance 


21 


0.720 0.598 _ 
МАХ МАХ 


= 0.050 = .020 


СЕСЕ 


МАХ Бы ———— 


Е ШІП ШЇ 


Lig 050 = 015 BOTH ENDS | : ES 


—- + -0.100 = .010 ТУР | + |e Е МІМ 
1 


REF 


40-Pin Backpack Package 
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265410 e R6500/43 
R6500 Microcomputer System 


08 | R6541Q AND R6500/43 


INTELLIGENT PERIPHERAL CONTROLLERS 


Rockwell 


SECTION 1 
INTRODUCTION 


1.1 FEATURES OF THE R6541Q 4 
R6500/43 


Directly compatible with 6500, 6800, 8080, and Z80 bus 
families 

e Asynchronous Host interface that allows independent clock 
operation 


Input, Output and Status Registers for CPU/Host data 
transfer 


Status register for CPU/Host data transfer operations 
Interrupt or polled data interchange with Host 
e Enhanced 6502 CPU 
e Four new bit manipulation instructions 
e Set Memory Bit (SMB) 
e Heset Memory Bit (RMB) 
e Branch on Bit Set (BBS) 
e Branch on Bit Reset (BBR) 
e Decimal and binary arithmetic modes 
e 13 addressing modes 
e True indexing 
256-byte mask-programmable НОМ“ 
64-byte static RAM 
23 TTL-compatible /О lines 
A 16-bit programmable counter/timer, with latch 
e Pulse width measurement 
e Pulse generation 
_ e Interval timer 
e Event counter 
e Eight interrupts 
Two edge-sensitive lines; one positive, one negative 
Reset | 
Counter Underflow 
Host data received 
Output Data Register full 
Input Data Register empty 
e Non-maskable | 
e Multiplexed bus expandable to 4K bytes of external memory 


*R6541Q has no ROM. 


e Unmultiplexed Address and Data buses for 4K of Periph- 
eral I/O expansion 


68% of the instructions are executed in less than 2us @ 
2 MHz 


e ММО5-3 silicon gate, depletion load PERDU 
Single +5V power supply 
64-рт ОШР  — 


. NOTE 


This document describes both the R6541Q and 
R6500/43. In the text, the terms IPC or device will be 
used when describing both parts. See Section 1.3 for 
a description of the options available for the R6500/13 
and the fixed features of the R6541Q. 


1.2 SUMMARY 


The Rockwell R6541Q and R6500/43 One-Chip Intelligent 
Peripheral Controllers (IPC) are general purpose, program- 
mable interface І/О devices designed for use with a variety 
of 8-bit and 16-bit microprocessor systems. They have an 
enhanced R6502 CPU, an optional 256 by 8-bit ROM, 64 by 
8-bit RAM, three /О ports with multiplexed special functions, 
a multi-function timer, and a full 4K address and data buses 
all contained within a 64-pin Quad-in-line package. 


In both versions, special interface registers allow these IPC 
devices to function as peripheral controllers for the 6500, 
6800, Z80, 8080, and other 8-bit or 16-bit host microcom- 
puter systems. 


The innovative architecture and the demonstrated high per- 
formance of the R6502 CPU, as well as instruction simplicity, 
results in system cost-effectiveness and a wide range of 
computational power. These features make the device a 
leading candidate for IPC computer applications. 


Document No. 29651N39 | Product Description Order No. 2136 
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Rockwell supports development of the R6541Q and Re500/43 . |. @ Without ROM 

with the System 65 Microcomputer Development System and = e Reset Vector at FFFC 

the R6500/* Family of Personality Modules. Complete . e No internal pull-up resistors on anv Port (PA or P 
in-circuit emulation with the R6500/* Family of Personality boni а ч Ды os bl 
Modules allows tota! system test and evaluation. ae 

This product description assumes that the reader is familiar ша e 
with the R6502 CPU hardware and programming capabilities. we (PAO-PED) | 
A detailed description of the R6502 CPU hardware is included Те | M ни 
in the R6500 Microcomputer System Hardware Manual = TUS 

(Document Order Number 201). A descrption of the instruc- | - E PBO-PB7 ' 
tion capabilities of the R6502 CPU is contained in the R6500 от i а ОН 
Microcomputer System Programming Manual (Document == | 
Order Number 202). ai GR — : | | аш 


(A0, А1, A2, АЗ, 
. EMS, R/W, INT): 


1.3 CUSTOMER OPTIONS 


The R6500/43 microcomputer is available with the following 


customer specified mask options. =н 

e Option 1 with or without a 256 byte ROM | > RW 

е Option 2 Reset Vector at FFFC or OFFC | | TT YT 
e Option 3 Port A with or without internal pull-up resistors 

e Option 4 Port C with or without internal pull-up resistors | 080-087 


АН options should be specified on an R6500/43 order form. | | | А! | Еа 


Тһе В65410 has по customer specified mask options. It has 
the following characteristics. 


1.80 


(3.81 MM) 


| 


R6541Q 1.628 · | 
& (41.35 MM) 
R6500/43 


|- WNONON OL 3 90500. 
— —- 839195 1УПОЗ Іс 


-- 


750 
(19.05 ММ) 


1825 us i 
Та (23.495 MM) —————À 


zl 


Figure 2-3. R6541Q & R6500/43 Dimensional Outline 
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64 PIN QUIP 


65410 and R6500/43 


SIGNAL МАМЕ | R6541Q & R6500/43 | 


СІКІМ 


g2 


RES 


PAO-PA7 


PIN NO. 


11 
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| SECTION 2 
R6500/41 INTERFACE REQUIREMENTS 


This section describes the interface requirements for the In- 
telligent Peripheral Controller. Figure 2-1 is the Interface Dia- 
gram for the devices. Figure 2-2 shows the pin out configu- 
ration and Table 2-1 describes the function of each pin of the 


Table 2-1. 


DESCRIPTION 


Symmetrical square wave 
100 KHz to 2 MHZ, TTL com- 
patible input. 


Output timing signal—This is 
an internally synchronized 
1 x clock output suitable for 


devices. Figure 2-3 shows the mechanical dimensions of the 
devices. Section 5 describes the Host computer interface 
protocol and timing requirements. | 


Рт Description 


SIGNAL NAME | R6541Q & R6500/43 


external memory or peri- 


pheral interfacing. 


Тһе reset input is used to ini- 


tialize the device. Section 7 


describes the process and 


conditions of the RES pro- 
cedure. 


Power supply input (--5У) 


Signal “ала power ground 
(OV). 


Chip select pin for host in- 
terface. 


Register select input pin used 
by the Host processor to in- 
dicate that information being 
written into the IPC is a data 
or command byte or to indi- 
cate that information being 
read from the IPC is a status 
or data byte. 


Host timing control signal for 
data register write and read. 


Host timing control signal for 
data register write and read. 


Data bus between Host and 
IPC data input and output 
registers. 


A negative going edge on the 


Non-Maskable Interrupt sig- 
nal requests that a non- 


maskable interrupt be gen- 
-erated with the CPU. 


8 bit ПО port used for either 
input or output. Each line 


consists of an active transis- . 


tor to Vss and an optional 
passive pull-up to Усс. The 
two lower bits PAO and РАТ 
also serve as edge detect in- 


puts. РА? is time shared with | 


the 16 bit Counter Input or 
output pin, CNTR, and is 
mode selected. 
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PBO-PB7 


PCO-PC6 


A0-A11, A15 


080-087 


SYNC 


PIN NO. 


49-56 


31-25 


DESCRIPTION 


8 bit I/O port used for either 
input or output. Each line 
consists о ап active transis- 
tor to Vss and an active pull- 


ир to Мс. This port becomes 


a tri-state data bus, DO-D7, 


in the. Abbreviated or Multi- 
plexed Bus Mode. 00-07 аге 


multiplexed with address lines 
A4-A11 . in the. Multiplexed 
Bus Mode. M 


7 bit I/O port used for either 
input or output. Each line 
consists of an active transis- 
tor to Vss and ап optional . 
passive pull-up to Усс. Тһе 
pins РСО 10 РС5 are mul- 
tiplexed with address. and 
control signals for use in 
abbreviated . and multiplex 
modes. PC6 is multiplexed 
with INT and is program se- 
lectable. In these two modes 
PCO-PC5 have active pull- 
ups. | 


| Thirteen address lines used 


to address a complete 8K 
external address space. 


Eight bidirectional data bus 
lines used to transmit data to 
and from external memory. 


SYNC is a positive going sig- 
nal for the full clock cycle 
whenever the CPU is per- 
forming an OP CODE fetch. 


Controls the direction of data 
transfer between the CPU 
and the external 65K ad- 
dress space. The signal is 
high when reading and low 
when writing. 


965410 апа R6500/43 _ 
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| SECTION 3 


SYSTEM ARCHITECTU RE 


This section provides a A description of the IPC de- . 


vice. Functionally, the device consists of a CPU, RAM and 
optional ROM memories, three parallel /О ports (actually 23 
/О lines), counter/latch circuit, a mode control register, and 


an interrupt flag/enable dual register circuit. A block diagram , 


of the system is shown in Figure 3-1. 


NOTE 


Throughout this document, unless specified otherwise, 
all memory or register address locations are specified 
in hexadecimal notation. | 


3.1 CPU LOGIC 


The internal CPU of the device is an enhanced R6502 con- 
figuration with an 8-bit Accumulator register, two 8-bit Index. 
Registers (X and Y); an 8-bit Stack Pointer register, ап ALU, 

a 16-bit Program Counter, and standard instruction 595180 
десоде and internal timing control logic. 


3.1.1 Accumulator 


The accumulator is a general purpose 8-bit register that 


stores the results of most arithmetic and logic operations. In - 
addition, the accumulator usually contains one of- the two ` 


data words used in these operations. | 


- 3.1.2 Index Registers | 


There аге two 8- bit index registers, X ad Y. Each index reg- | 


. ister can be used as a base to modify the address data pro- 


|. .gram counter and thus obtain а new address—the sum of 
the program counter contents and the index foster contents. р 


г ехесшїпд ап instruction which. -spdbilies indirect ad: | 


dressing, the CPU fetches the op code arid the address, and 


“modifies the address from memory by adding the index гед- 


Ister to it prior to loading or О ће. value of memory. 


| Indexing greatly simplifies many types. of programs, espe- 


2 cially those using data tables. - 


| 3. 1 „3 Stack Pointer 


^ The Stack Pointer is an 8-bit register. It is automatically in- - 
| cremented and decremented under. control of the micropro- . 
cessor to perform stack manipulation: in response to either 


user instructions, or an internal IRQ interrupt. The. Stack 
Pointer must be initialized by the user program; 


Тһе stack allows simple implementation of multiple level in- 
terrupts, subroutine nesting and simplification of many types 


of data manipulation. The JSR, BRK, RTI and RTS instruc- | 


tions use the stack. and Stack Pointer. 


The stack can be ЕЯ ав а deck of cards which may 
only be accessed from the top. The. address of a memory | 


location is stored (or "pushed") onto the stack. Each time 
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data are to be pushed onto the stack, the Stack Pointer is. 


placed on the Address Bus, data are written into the memory 
location addressed by the Stack Pointer, and the Stack 
Pointer is decremented by 1. Each time data are read (or 
"pulled") from the stack, the Stack Pointer is incremented by 


1. The Stack Pointer is then placed on the Address Bus, and 


data are read from the memory location addressed by the , 
Pointer. 


The stack is located on zero page; i.e., memory locations 
007F-0040. Normal usage calls for the initialization of 6. 
Stack Pointer at 007Ғ. 2% 


3.1.4 Arithmetic and Logic Unit (ALU) 


All arithmetic and logic operations take place in the ALU, in- 


cluding incrementing and decrementing internal registers 
(except the Program Counter). The ALU cannot store data 


_ for more than one cycle. If data are placed on the inputs to 


the ALU at the beginning of a cycle, the result is always gated 
into one of the storage registers or to external memory during 


the next cycle. 


Each bit of the ALU has two тата These ede can be tied 


. to various internal buses or to a logic zero; the ALU then 


generates the function (AND, OR, SUM, and so on) using 


. the data on the two inputs. 


3. 1 5 Program Counter | № 
Тһе 16- bit Program Counter provides the addresses that are | 


used to step the processor through sequential instructions 
. Па program. Each time the processor fetches ап instruction 


from program memory, the lower (least significant). byte of 


' the Program Counter (PCL) is placed on the low-order bits - 
‘of the Address Bus and the higher (most significant) byte of 


the Program Counter (PCH) is placed оп the high-order 8 


‚ bits of the Address Bus. The Counter is incremented each 
time an instruction or data is fetched from program memory: 


3.1. 6 Instruction Register and Instruction Decode 


E Instructions are fetched from ROM or RAM and gated onto 

_ the Internal Data Bus. These instructions аге latched into the 

Instruction Register then decoded along with timing and іт- 

|. terrupt signals to generate control signals: for the various А 
EE registers. | Ў 


3117 Timing Control 


The Timing Control Logic keeps track of the specific instruc- | 


_ tion cycle being executed. This: logic is initialized each time _ 
an instruction fetch is executed and is advanced at the be- 


ginning of each low level of the Clock In pulse for as many 


_ cycles as are required to complete the instruction. Each data 
· transfer which takes place between. the registers is caused 


Бу decoding the contents of both the instruction register and 


ting control unit. 
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3.1.8 Interrupt Logic 


Interrupt logic controls th the sequencing of three interrupts: 
RES, NMI, and ТВО. IRQ is generated by any one of four 
conditions: Counter Overflow, Positive Edge Detect, Nega- 
tive Edge Detect, and Input Data Register Full. | 


3.2 NEW INSTRUCTIONS 


In addition to the standard 6502 instruction set, four instruc- 
tions have been added to the devices to simplify operations 
that previously required a read/modify/write operation. In or- 
der for these instructions to be equally applicable to any УО 
ports, with or without mixed input and output functions, the 
ИО ports have been designed to read the contents of the 
specified port data register during the Read cycle of the read/ 
modify/write operation, rather than I/O pins as in normal read 
cycles. The added instructions and their format are explained 
in the following subparagraphs: Refer to Appendix А for the 
Op Code mnemonic addressing matrix for these added 
instructions. 


3.2.1 Set Memory Bit (SMB m, Addr.) 


This instruction sets to "1" one of the 8-bit data field specified 
by the zero page address (memory ог I/O port). The first byte 
of the instruction specifies the SMB operation and 1 of 8 bits 
to be set. The second byte of the instruction designates ad- 
dress (00-ҒЕ) of the byte or І/О port to be operated upon. 


3. 2. 2 Reset Memory Bit (RMB m, Addr.) 


This instruction is the same operation and format as SMB 
instruction except a reset to "0" of the bit results. 


.. 9.2.3 Branch on ВИ Set Relative (BBS т, Addr, 


DEST) 


This instruction tests one of 8 bits designated. by a three bit 
_ immediate field within the first byte of the instruction. The 
second byte is used to designate the address of the byte to 
be tested within the zero page address range (memory or 
ИО ports). The third byte of the instruction is used to specify 
the 8 bit relative address to which the instruction branches 
if the bit tested is a "1". If the bit tested is not set, the next 
sequential instruction is executed. | 


3.2.4 Branch On Bit Reset Relative (BBR m, 
Addr, DEST) | 
This instruction is the same operation end forai as the BBS 


instruction except that a branch takes place if the bit tested 
isa UE СЫЎ : 


3.3 READ-ONLY-MEMORY (ROM) 


The optional ROM consists of 256. bytes mask programmable 
memory with an address space from OFOO to OFFF. ROM 
locations FFFA through FFFF are assigned for interrupt vec- 
tors. The Reset vector can be optionally at OFFC or FFFC. 


_ The R6541Q has no ROM and its reset vector is at FFFC. 


3.4 RANDOM ACCESS MEMORY (RAM) 


The RAM consists of 64 bytes of read/write memory with an 
| assigned page zero address of 0040 through 007Е. . 


3.5 SYSTEM CLOCK 


The device functions with an external clock. it is fully asyn- 
chronous in reference to the Host computer timing. The de- | 
vice clock frequency equals the external clock frequency. It 
is also made available for any external device synchroniza-. 
tion at ріп 02, | 


3.6 MODE CONTROL REGISTER (MCR) 


The Mode Control Register contains control bits for the mul- 
tifunction I/O.ports and mode select bits for the Counter, the 
6500 or 8080 Bus Select, and the Interrupt (INT). Its setting 
determines the basic configuration of the device in any ap- 
plication. Initializing this register is one of the first actions of 
any software program. The Mode Control Register bit as- 
signment is shown in Figure 3-2. 


The use of Counter A Mode Select is shown in Section 6. 


The use of the 6500/8080 Host Bus Select is shown in Sec- 
tion 6. 


The use of Interrupt Select is shown in Section 4.5. 


The use of Bus Mode Select is shown in Sections 4.4 and 
4.5. ` 


ADDR 0014 


. COUNTER 
SELECT MODE 


. | INTERVAL TIMER 
BUS SELECT | : 1 PULSE GENERATOR. 
0 = 6500/6800 BUS. 1 0 EVENT COUNTER 
1 = 280/8080 BUS  — 21 PULSE WIDTH 

| T ^. MEASUREMENT 


PORT B ALL INPUTS 

~ PORT B ALL OUTPUTS 
ABBREVIATED BUS MODE 
MULTIPLEXED BUS MODE | 


Figure 3-2. Mode Control Register Bit Allocations | 
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ADDR 0012 


ADDR 0011 


РА0 POSITIVE 
EDGE DETECT 
INTERRUPT ENABLE 


PA1 NEGATIVE 
EDGE DETECT 
INTERRUPT ENABLE 


INTERNAL INTERRUPT 
REQUEST. ТВО ENABLE 


EXTERNAL INTERRUPTS REQUEST 1, 
INT-1 ENABLE | 
EXTERNAL INTERRUPT REQUEST 2, 
INT-2 ENABLE 


COUNTER UNDERFLOW 
INTERRUPT ENABLE 


| Figure 3-3. Иш Enable and Flat Registers 


Table 3-1. Interrupt Enable Signals 


Positive Edge Detect, Interrupt Enable— 
when this bit is true, a positive going sig- 
nal on PAO will generate an IRQ and set 
the corresponding flag bit. 


Control Signal 


Negative Edge Detect Interrupt Enable— 
when this bit is set to a "1" a negative 

_ going signal оп РАТ will generate an IRQ 
and set the corresponding flag bit. 


Input Data Register Full Interrupt Ena- 
ble—setting this bit to a "1" allows an 
ТВО to be generated each time the Host 
- | fills the IDR setting the IDFR bit. 


Output Data Register Full Interrupt Ena- 
ble—when this bit is an interrupt request 
to the Host is generated each time the 
ОРН flag is set to a "1". (See External 
Interrupts, Paragraph 3.7.1). Reading the 
. | ODR clears INT-1 and ODRF flags. 


. Input Data Register Empty Interrupt En- 
able—when this is set to a "1" an inter- 
rupt is generated to the Host each time 
the IDR is read by the CPU. The interrupt 
occurs when the IDRF flag is cleared. | 
INT-2 is cleared when the Host reads the 
status flag register. (See External Inter- 
rupts, Paragraph 3.7.1). 


Counter Interrupt Enable—if enabled, an 
IRQ is generated whenever the Counter 
overflows. 
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3.7 INTERRUPT FLAG REGISTER (IFR) 
AND INTERRUPT ENABLE 
REGISTER (IER) 


An IRQ interrupt request can be initiated by any or all of four 
possible sources. These sources are all capable of being 
enabled or disabled by the use of the appropriate interrupt 
enabled bits in the Interrupt Enable Register (IER). Multiple 
simultaneous interrupts will cause the IRQ interrupt request 
to remain active until all internipting conditions have been 
serviced and cleared. 


The ГААР Flag Register contains the information that іп- 
dicates which 1/О or counter needs attention. The contents 
of the Interrupt Flag Register may be examined at any time 
by reading at address: 0011. Edge detect IFR bits may be 
cleared by executing a RMB instruction at address location 
0010. The RMB X, (0010) instruction reads FF, modifies bit 
X to a "0", and writes the modified value at address location 
0011. In this way IFR bits set to a "1" after the read cycle of 
a Read-Modify-Write instruction (such as RMB) are protected 
from being cleared. IFR bits 6 and 7 are indeterminate on а 
Read. | 


Each IFR bit has a corresponding bit in the Interrupt Enable 


| Register which can be set to a "1" by writing a "1" in the re- 


spective bit position at location 0012. Individual IER bits may 
be cleared by writing a "0" in the respective bit position, or 
by RES. If set їо а "1"; an IRQ will be generated when the 
corresponding IFR bit becomes true. The Interrupt Flag Reg- 
ister and Interrupt Enable Register bit assignments are shown 
in Figure 3-3 and the functions of each bit are explained in 
Table 3-1. 


3.7.1 External Interrupts (INT) 


An external interrupt INT to the Host computer may be se- 
lected in two modes. (See Section 5 for information on the 
Host/Device interface). | 


OUTPUT DATA REGISTER (ООН) FULL 


When IER 3 of the Interrupt Enable Register is set to a "1", 
the device will assert the INT (PC6) line each time it loads 
the ODR. The ODRF flag of the Status Flag Register and the 
IFR 3 of the IFR will be set to a "1" indicating the ODR is full. 
The ODRF and IFR 3 flags are cleared and INT is negated | 
when the Host processor reads the ООВ. 


INPUT DATA REGISTER (IDR) EMPTY 
When ЕН 4 of the Interrupt E Enable Register is set to a "t", 


the device will assert the INT (PC6) line each time it reads 


the IDR. The IDRF flag of the Host Status Flag Register will 
be cleared and the IFR 4 flag of the IFR will be set to а "1" 
indicating the IDR has just been read by the device. The IFR 
4 flag is cleared and INT is negated when the Host processor 
reads the Host Status Flag Register. RES clears the IDR and 
sets the IFR4 flag to indicate the register is empty. 
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3.8 PROCESSOR STATUS REGISTER 


The: 8-bit Processor Status Register, shown in Figure 3-4, 
contains seven status flags. Some of these flags are con- 
trolled by the user. program; others may be controlled both 
by the user's program and the CPU. The R6502 instruction 
set contains a number of conditional branch instructions 
which are designed to allow testing of these flags. Each of 
the eight processor status flags is described in the following 
sections. | 


3.8.1 Carry Bit (C) 


The Carry Bit (C) can be considered as the ninth bit of an 
arithmetic operation. It is set to logic 1 if a carry from the 
eighth bit has occurred or cleared to logic 0 if no carry ос- 
curred as the result of arithmetic operations. 


The Carry Bit may be set or cleared under program control 
by use of the Set Carry (SEC) or Clear Carry (CLC) instruc- 
tion, respectively. Other operations which affect the Carry Bit 
аге ADC, ASL, СМР, CPX, CPY, LSR, PLP, ROL, ROR, RTI, 
and SBC. 


3.8.2 Zero Bit (Z) 


The Zero Bit (Z) is set to logic 1 by the CPU during any data 
movement or calculation which sets all 8 bits of the result to 


zero. This bit is cleared to logic 0 when the resultant 8 bits 
of a data movement or calculation operation are not all zero. 
Тһе Н6502 instruction set contains no instruction to specifi- 
cally set or clear the Zero Bit. The Zero Bit is, however, af- 
fected by the following instructions; ADC, AND, ASL, BIT, 
CMP, CPX, CPY, DEC, DEX, DEY, EOR, INC, INX, INY, 
LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, ROR, RTI, 
SBC, TAX, TAY, TXA, TSX, and TYA. | 


3.8.3 Interrupt Disable Bit (І) 


The Interrupt Disable Bit (1) is used to control the servicing 
of an interrupt request (IRQ). If the І Bit is reset to logic 0, 
the IRQ signal will be serviced. If the bit is set to logic 1, the 
IRQ signal will be ignored. The CPU will set the Interrupt 
Disable Bit to logic 1 if а RESET (RES) or Non-Maskable 
Interrupt (NMI) signal is detected. 


The | bit is cleared by the Clear Interrupt Mask Instruction 
(CLI) and is set by the Set Interrupt Mask Instruction (SEI). 
This bit may also be set by the BRK Instruction. The Return 
from Interrupt (RTI) and Pull Processor Status (PLP) instruc- 
tions will also affect the | bit. 


7 6 5 4 3 2 1 0 


NOTES 
(1) Not initialized by RES 
(2) Set to Logic 1 by RES 


CARRY (C) (1) 


1 = Carry Set 
0 = Carry Clear 


Zero (2) (1) 


1 - Zero Result 
0 = Non-Zero Result 
INTERRUPT DISABLE (І) (2) 


1 = IRQ Interrupt Disabled 
0 = IRQ Interrupt Enabled 


DECIMAL MODE (D) (1) 


1 = Decimal Mode 
0 = Binary Mode 


BREAK COMMAND (B) (1) 
1 = Break Command 

0 = Non-Break Command 
OVERFLOW (0) (1) 

1 = Overflow Set - 

0 = Overflow Clear 
NEGATIVE (N) (1) 


1 = Negative Value 
0 = Positive Value 


Figure 3-4. Processor Status Register 
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3.8.4 Decimal Mode Bit (D) 


The Decimal Mode Bit (D), is used to control the arithmetic 
mode of the CPU. When this bit is зе їо logic 1, the adder 
operates as a decimal adder. When this bit is cleared to logic 
0, the adder operates as a straight binary adder. The adder 
mode is controlled only by the programmer. The Set Decimal 
Mode (SED) instruction will set the D bit; the Clear Decimal 
Mode (CLD) instruction will clear it. The PLP and RTI instruc- 
tions also effect the Decimal Mode Bit. 


CAUTION 


The Decimal Mode Bit will either set or clear in an un- 
predictable manner upon power application to the de- 

vice. This bit must be initialized to the desired state by 
. the user program or erroneous results may occur. 


3.8.5 Break Bit (В). 


The Break Bit (B) is used to determine the condition which 
caused the IRQ. service routine to be entered. If the IRQ ser- 
vice routine was entered because the CPU executed a BRK 
command, the Break Bit will be set to logic 1. If the IRQ rou- 
tine was entered as the result of an IRQ signal being gen- 
erated, the B bit will be cleared to logic 0. There are no in- 
structions which can set or clear this bit. 


3.8.6 Overflow Bit (V) 


The Overflow Bit (V) is used to indicate that the result of a 
signed, binary addition, or subtraction, operation is a value 
that cannot be contained in seven bits (-128 = n = 127). 
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This indicator only has meaning when signed arithmetic (sign 
and seven magnitude bits) is performed. When the ADC or 
SBC instruction is performed, the Overflow Bit is set to logic 
1 if the polarity of the sign bit (bit 7) is changed because the 
result exceeds +127 or —128; otherwise the bit is cleared 
to logic 0. The V bit may also be cleared by the programmer 
using a Clear Overflow (CLV) instruction. 


The Overflow Bit may also be used with the BIT instruction. 
The BIT instruction which may be used to sample interface 
devices, allows the overflow flag to reflect the condition of bit 
6 in the sampled field. During a BIT instruction the Overflow 
Bit is set equal to the content of the bit 6 on the data tested 
with BIT instrction. When used in this mode, the overflow has 
nothing to do with signed arithmetic, but is just another sense 
bit for the microprocessor. Instructions which affect the V flag 
are ADC, BIT, CLV, PLP, RTI and SBC. 


3.8.7 Negative Bit (N) 


The Negative Bit (N) is used to indicate that the sign bit (bit 
7), in the resulting value of a data movement or data arith- 
metic operation, is set to logic 1. If the sign bit is set to logic 
1, the resulting value of the data movement or arithmetic 
operation is negative; if the sign bit is cleared, the result of 
the data movement or arithmetic operation is positive. There 
are no instructions that set or clear the Negative Bit since the 
Negative Bit represents only the status of a result. The in- 
structions that effect the state of the Negative Bit are: ADC, 
AND, ASL, BIT, CMP, CPX, CPY, DEC, DEX, DEY, EOR, 
INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, 
ROR, RTI, SBC, TAX, TAY, TSX, TXA, and TYA. 
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SECTION 4 
PARALLEL INPUT/OUTPUT PORTS 


INPUT/OUTPUT PORTS 


The IPC device provides three ports (PA, PB, and PC). The 
15 lines of PA and PC are completely bidirectional, that is, 
there is no line grouping or port association restrictions. 
The eight lines of Port B may be programmed as all inputs 
or all outputs. Port PC, however, may be multiplexed under 
program control with seven other signals. Six of these signals 
form an address and control bus for extended addressing. 
The seventh signal is multiplexed with an external interrupt 
output, INT. All eight Port B lines are tri-state to permit their 
use as a data bus during extended addressing modes. 


Internal pull-up resistors (FET's with an impedance range of 
ЗК = Rpu = 12K ohm) тау be provided on ports PA and/or 
PC. The R6541Q does not have these resistors. 


The direction of the І/О lines are controlled by 8-bit port reg- 
isters located in page zero. This arrangement provides quick 
programming access using simple two-byte zero page ad- 
dress instructions. There are no direction registers associ- 
ated with the І/О ports, which simplifies І/О handling. Тһе 
ИО addresses are shown in Table 4-1. If a part is being 
used to emulate a R6500/42 the ports must be provided in 
external circuitry and. addressed through locations ' 0004- 
0006. 


Table 4-1. МО Port Addresses 


PORT | ADDRESS 


Б оту 


4.1 INPUTS 

Inputs for Ports А and C, and also Ports F and а if emulating 
the R6500/42, are enabled by loading logic 1 into all О port 
register bit positions that are to correspond to ИО input lines. 
А low (<0.8V) input signal will cause a logic 0 to be read 
when a read instruction is issued to the port register. A high 


PAO-PA1 1/0 PA2VO | | 


MCRO = 0 

MCR1 = 0 
РАО (1) VO PA2 /О 
РА1(2) Пе | 


Table 4-2. Port А Control & Usage к 
РА2 COUNTER | 


SIGNAL SIGNAL SIGNAL SIGNAL SIGNAL 


OUTPUT | CNTR | INPUT(3) | РАЗ-РА7 


(1) POSITIVE EDGE DETECT (2) NEGATIVE EDGE DETECT (3) HARDWARE BUFFER FLOAT 


“мәне | wee | wwe | туре | мм” 
CNTR 


(>2.0\) input will cause a logic 1 to be read. Ап RES signal 
forces all /О port registers to logic 1 thus initially treating all 
VO lines as inputs. 


Port B may be all inputs or all outputs. АЙ inputs is selected 
by setting bits MCR6 and МСА7 of the Mode Control Reg- 
ister to a "O". 


The status of the input lines can be interrogated at any time 
by reading the /О port addresses. Note that this will return 
the actual status of the input lines, not the data written into 
the І/О port registers. 


Read/Modify/Write instructions can be used to modify the oper- 
ation of PA, PB, PC, and also PF, & PG of an emulated 
R6500/42. During the Read cycle of a Read/Modify/Write 
instruction the Port I/O register is read. For all other read instruc- 
tions the port input lines are read. Read/Modify/Write instruc- 
tions are: ASL, BBS, BBR, DEC, INC, LSR, RMB, ROL, ROR, 
and SMB. 


4,2 OUTPUTS 


Outputs for Ports A thru C, and emulated Ports E thru G of 
the R6500/42, are controlled by writing the desired ИО line 
output states into the corresponding ГО port register bit po- 
sitions. A logic 1 will force a high (>2.4V) output while a logic 
0 will force a low (<0.4V) output. Port B also requires that 
МСАб be set to а "1" апа МСР? be set to a "0". 


4.3 PORT A (PA) | 


Port A can be programmed via the Mode Control Register 
(MCR) as a standard parallel 8-bit, bit independent, /О port, 
or a counter ИО line. Table 4-2 tabulates the control and 
usage of Port A. 


In addition to their normal ПО functions, PAO can detect pos- 
име going edges, and PA1 can detect negative going edges. 
An edge transition on these pins will set a corresponding 
status bit in the IFR and generate an interrupt request if the 
respective Interrupt Enable Bit is set. The maximum rate at 
which an edge can be detected is one-half the $2 clock rate. 
Edge detection timing is shown in Section E.5. | 


PA3-PA7 I/O 


MCRO = X 
MCR1 = 1 
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4.4 PORT B (PB) 


Port B can be programmed as an /О Port, an 8-bit tri-state 
data bus, or as a multiplexed bus. Mode selection for Port 
B is made by the Mode Control Register (MCR). The Port B 
output drivers can be selected as tri-state output drivers by 
setting bit 7 of the MCR to 0 (zero) and bit 6 of the MCR to 
1. An all inputs condition is created by setting both MCR6 
and MCR7 to 0 (zero). Table 4-3 shows the necessary set- 
tings for the MCR to achieve the various modes for Port B. 
When Port B is selected to operate in the Abbreviated Mode 
PBO-PB7 serves as data register bits 00-07. When Port B 
is selected to operate in the Multiplexed Mode data bits DO 
through D7 are time multiplexed with address bits A4 through 
* A11, respectively. Refer to the Memory Maps (Appendix B) 
for. Abbreviated and Multiplexed memory assignments. See 
Appendix E.3 through E.5 for Port B timing. 


Intelligent Peripheral Controllers 


4.5 PORT C (PC) 


Port C can be programmed as an /О port and in conjunction 
with Port B, as an abbreviated bus, or as a multiplexed bus. 
When used in the abbreviated or multiplexed bus modes, 
PCO-PC5 function as А0-АЗ, R/W, and EMS, respectively, 
as shown in Table 4-4. EMS (External Memory Select) is 
asserted (low) whenever the internal processor accesses 
memory area between 0080 and OFFF. (See Memory Map, 
Appendix C). The leading edge of EMS may be used to 
strobe the eight address lines multiplexed on Port B in the 
Multiplexed Bus Mode. See Appendix E.3 through E.5 for 
Port C timing. | 


Table 4-3. Port B Control & Usage | 


| 1/0 MODES 


MCR7 = 0 МСР7 = 0 
MCR6-0 0 MCR6 = 1 


SIGNAL SIGNAL 


TYPE 
(1) 


R6541Q & 
R6500/43 


ABBREVIATED 
| MODE 
MCR7 = 1 MCR7 = 1 
MCR6-0 | - | MCR6 = 1 E | 
(2) (3) 


| MULTIPLEXED MODE | | 


“маме | TPE @ 


OUTPUT 
OUTPUT 
| OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT. 
OUTPUT 


(1) TR-STATE BUFFER IS IN HIGH IMPEDANCE MODE (2) TRI-STATE BUFFER IS IN ACTIVE MODE 
(3) TRI-STATE BUFFER IS IN ACTIVE MODE ONLY DURING THE PHASE 2 PORTION OF A WRITE CYCLE 


Table 4-4. Port C Control & Usage 


ABBREVIATED 
ПО MODE MODE 
R6541Q & | МСА7 = 0 | MCR7 = 1 
R6500/43 MCR6 = X MCR6 = 0 


MULTIPLEXED 
MODE 
MCR7-1 
MCR6 = 1 


SIGNAL SIGNAL . SIGNAL 


.. OUTPUT OUTPUT. 
OUTPUT. | OUTPUT 
OUTPUT | OUTPUT 
OUTPUT OUTPUT 
OUTPUT OUTPUT 
OUTPUT RW OUTPUT 
OUTPUT OUTPUT 


(1) RESISTIVE PULL-UP, ACTIVE BUFFER PULL-DOWN *PC6 if MCR5 = 0; INT if MCR5 = 1 


(2) ACTIVE BUFFER PULL-UP AND PULL-DOWN 
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4.7 BUS MODES _ 
A special attribute of Port B and Port C is their capability to 


ре configured ма the Mode Control Register (see Section | 


3.6) into four different modes. 


In the Port B All Inputs and Port В All Outputs modes the 
separate address апа data bus are used. The difference lies 
іп the direction of Port B—all inputs or all outputs. The re- 
ceiving ports perform the normal I/O function. A15 is usually 
. used as a chip select for external тешу 


In the Abbreviated Bus Mode, the address and data lines can 
be used as above to emulate the R6500/41. Port B and Port 
C are automatically transformed into an abbreviated address 
bus and control signals (Port C) and a bidirectional data bus 
(Port B). 16 Peripheral addresses can be selected. In general 
usage, these 16 addresses would be distributed to several 
external І/О devices such as R6522 and R6520, etc., each 
of which may contain more than one unique address. 
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In the Multiplexed Bus Mode, the operation is similar to the 
Abbreviated Mode except that a full 4K of external addresses 
are provided. Port C provides the lower addresses and con- 
trol signals. Port B multiplexes functions. During the first half 
of the cycle it contains the remaining necessary 8 address 
bits for 4K; during the second half of the cycle it contains a 
bidirectional data bus. The address bits appearing on Port 
B must be latched into an external holding register. The lead-. 
ing edge of EMS, which indicates that the bus function is 
active, may be used for this purpose. 


Figures 4-1a thru 4-1d show the possible configurations of 
the four bus modes. Appendix C1 shows a memory map of 


_ the port as a function of the Bus Mode and further shows 
. which addresses are active or inactive on each of the three 


possible buses. 
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PORT B 
ALL OUTPUTS 
BUS MODE 


CLK IN 
RES 

А0 (RS) 
R/W (RD) 


EXTERNAL 
MEMORY 
@ FXXX- 


DB1-DB7 


8 BITS 


Figure 4-1a. 


PORT B 
ALL INPUTS 
. BUS MODE 


CLK IN 
RES 

A0 (RS) 
R/W (RD) 


4K 


= EXTERNAL 
д MEMORY 
081-087 | © FXXX 
8 BITS 


Figure 4-1b. 


# OPTIONAL PC6 
## NOT AVAILABLE WITH BOOTSTRAP ROM OPTION 
* EMS VALID @ 0100 THRU OFFF 


ABBREVIATED 
BUS MODE 
CLK : 
IN 
RES 
Ao (RS) —> 
R/W (RD) | is 
E (WR) С | PERIPHERAL 
На ADDRESSES 
HF 


R/W (PORT С) 


E 


HB7 
4K 
EXTERNAL 
MEMORY 
@ FXXX 
Figure 4-1c. 
MULTIPLEXED 
BUS MODE 
CLK IN 
RES 
ОАТ/А4 > A11 (PORT B) 
АО (RS) 
ME UP TO 4K 
R/W (RD) LATCH EXTERNAL 
E (WR) „ MEMORY 
ый АМО/ОВ 
се (PORT С) PERIPHERALS 
(PORT C) 
HBO- 
HB7 


сак 
EXTERNAL 
MEMORY 

@ FXXX 


Figure 4-1d. 
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я | SECTION Б tus 
| HOST INTERFACE BUS - 


Two way data transfers are ибне ремееп іһе ІРС апа 
the Host microprocessor by means of the Output Data Reg- 
ister and the Input Data Register. The Host can also write a 
command to the IDR and read from the Host Status Flag 
Register. Figure 5-1 shows the Host addressing matrix. A 
hardware interrupt procedure and a software polling proce- 
dure is available to control data traffic between the CPU and 


Host. 


Figure 5-1. Host Addressing Matrix: 


5.1 DATA REGISTERS 


The device has an 8-bit Input Data Register (IDR) and: an 
| 8-bit Output Data Register (ODR). The IDR serves as a tem- 
porary storage for commands and data from the Host to the 


HOST COMMAND a 
STATUS FLAG INPUT 
DATA REG DATA REG 
OUTPUT МРОТ | 


device. When transferring data from the Host to the демсе,. | 


the following conditions are in effect: 

e CS is asserted ж 

ге RS (АО) indicates command input or data input. 

e The contents of the host data bus (HBO-HB7) are copied 


into the IDR when the арргорпака Host bus write signals i 


are asserted.. 


‚ Тре ООН serves аз а temporary storage for data from the и 
device to the Host. When the Host is reading даја from the — 


_ device, the following conditions are in effect: 


e CS is asserted 
e 85 (AO) input selects ODR or HSFR 
е The contents of ООН or the Flag Register are dated on 


the host data bus (HBO-HB7) when the appropriate Host. .. I 


. read signals are asserted. 


5. 2 HOST STATUS FLAG REGISTER 


A Host Status Flag Register facilitates а software. protocol 


that permits independent and uninterrupted flow of data ^ 


asynchronously between the host computer and the device. - 


The Host Status. Flag Register contains 8 flag bits that can 


be read at anytime by either the Host or the device. See Fig- 


ure 5-2. General purpose flags F2 through F6 are serviced 
by the device. in either read or write modes and. monitored | 


ру the Host (Read Only). 


Intelligent Peripheral Controllers | 


host write data exchange. The device can write to the F1 flag 
. at any time, | 


The ODRF (Output Data Register Full) flag is set each time 


. the device writes to the Output Data Register. The setting of- 


the ODRF sets the device Interrupt Status Register IFR3 flag. | 
Ап Output Interrupt (INT) may be generated under: program 
control by setting IER3 in the interrupt enable: register. The. 


С ODRF flag is reset only by a hardware reset or by the host | 


performing a read on the output data register. Тһе ODRF flag 
is reset following the conclusion of any host output data reg- 
ister read. The resetting of the ODRF causes the reset of the 


. IFR3 flag and thus ше reset of the external interrupt (INT). 


The IDRF (Input Data Register Full) flag is set following the 
cónclusion of any host write data exchange. The setting of 
the IDRF causes IFR2 of the device status register to be set. 
An internal interrupt may ђе generated under program con- 
trol by setting IER2 in the Interrupt Enable Registér. The set- 
ting of IDRF also causes IFR4 to be reset. The IDRF resets 
during device read of the input data register. IFR2 sets and 
IFR4 resets following the reset of IDRF. IFR4 may generate | 
an external output interrupt (INT, input buffer empty), under 
program control by setting IER4 «in the- шақы enable 
register. - | 


Mis Host Status Flag Register i is cleared by the RES input. 
. HOST STATUS FLAG REGISTER | | 


УМРЏТ РАТА | 
REGISTER 
FULL FLAG 


-OUTPUT РАТА 
REGISTER · 
FULL FLAG 


COPIES RS ОМ - 
WRITE FROM HOST 


.. GENERAL PURPOSE | 
FLAGS STATUS REGISTER | 


Figure 52. “Host Status Flag Register Bit Allocation | 
5.3. нозт COMPUTER INTERFACE 


| _ The device will Work with. a variety of Host Computers. The 


Sur | i HOST interface consists of a chip select, one address line, 


s Flag F1 can be read at anytime by either the host or the de- P E 


MA | vice. rane F1 flag copies the А0 (RS) input signal during any, | 
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2 control lines and an 8 bit three state data bus. Internal logic 
"о the device, controlled by MCR4, configures, the address 
. and two control lines to either a 6500 ог 8080 operational 
Е methodology. The interface is completely. asynchronous and. 
. Will work with a Host Computer up to a 5 MHz bus transfer. 
.. . rate. The device clock input frequency need not be the same 
. “ав the Host's. A mode control register is set. to match the 
А interface. to that of the Host device as follows: k 


вввато апа 8650043 ПП. Intelligent Peripheral Controllers 


МСН4 = .0 When МСРА is set to a logic zero, the IPC is ES MCR4 = 1 When MCR4 is set to a logic one, the IPC is 


configured to operate on a 6502/6800 type host MS x О . configured for operation on ап 8080/2780 type . 
bus. In this mode, the E input is connected to | |. ^» bus: In this mode, the RD input is used as a 
the host transfer strobe 2 (УМА or ge for 6800, | | read strobe and the WR input is connected to 
#2 юг 6500) and ће ВАМ input is connected to . the write strobe of the host microprocessor bus. 
the host. microprocessor R/W output line. Fig- | | Figure 5-4 and Table 5-2 show the relevant tim- 


ure 5-3 and Table 5-1, together, specify the rel- ing characteristics for this mode of operation. 
evant timing for read and write ВЕРА on this - | | И И Р 
type of host bus. 


. . таме 5-1. Host Interface - | | S ‘Table 5-2. Host interface | 
. Timing Characteristics BSEL=0 (6500) are | Timing Characteristics BSEL = 1 (8080) _ 


CHARACTERISTICS || | NN ЕЕ _ CHARACTERISTICS 
1AND2MHz 000 al | | E 1 AND 2 MH 


p cs, R/W, RS Setup Time 


| "Access Time. 

_ Data Hold Time 

- "Control. Hold Time 
Write Data Setup Time. 
Write Data Hold Time ` | 


_ Write Stroke Width — 28 | ~ С И cm ИЕ . Write Strobe Width 
"NOTES. Сао € A АЕ "NOTE: | | 
90 пѕ when loading - = 430 of + 1 TTL LOAD and TIRE | 90 ns when loading = - 130 pf + 1 TL LOAD and 


75 ns when loading — 90 pf +1 TTL LOAD. "Rit e Mf. . 75-п5 when loading — 90 dd + 1 TTL LOAD. 


нво-Н87 - 


TCS uas ee 


HBO-HB7 


Figure 5-4. ш. Diagram—Host Interface (MCR4= 1 deu Ша 
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. SECTION 6 
COUNTER/TIMERS 


The device contains a 16-bit counter and a 16-bit latch as- 
sociated with it. The counter can be independently pro- 
grammed to operate іп one of four modes: 


Counter 


Pulse width measurement 
Pulse Generation 

Interval Timer 

.Event Counter 


Operating modes of the Counter are controlled by the Mode 
Control Register. All counting begins at the initialization value 
and decrements. When modes are selected requiring a 
counter input/output line, РА2 is selected for Counter ИО. 


6.1 COUNTER 


The Counter consists of a 16-bit counter and a 16-bit latch 


organized as follows: Lower Counter (LC), Upper Counter - 


(UC), Lower Latch (LL), and Upper Latch (UL). The counter 
contains the count of either 02 clock pulses or external 
events, depending on the counter mode selected. The con- 
tents of the Counter may be read any time by executing a 
read at location 0018 for the Upper Counter and at location 
001A or location 0019 for the Lower Counter. А read at lo- 
cation 0019 also clears the Counter Underflow Над (IFR5). 


The 16-bit latch contains the counter initialization value, and 
can be loaded at any time by executing a write to the Upper 
Latch at location 0018 and the Lower Latch at location 0014. 
In either case, the contents of the accumulator are copied 
into the applicable latch register. 


The Counter can be started at any time by writing to address 
0019. The contents of the accumulator will be copied into the 
Upper Latch before the contents of the 16-bit latch are trans- 
ferred to the Counter. The counter is set to the latch value 
whenever the Counter underflows. When the Counter dec- 
rements from 0000 the next counter value will be the latch 
value, not FFFF, and the Counter Underflow Flag (IFR 5) will 
be set to "1". This bit may be cleared by reading the Lower 
Counter at location 0019, by writing to address location 0019, 
or by RES. 
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The Counter operates in any of four modes. These modes 
are selected by the Counter Mode Control bits in the Control 
Register. 


MCR1 | MCRO . 
(bit 1) (bit 0) 


0 0 Interval Timer 
0 | 1 
1 me) 
1 1 


‚ Pulse Generation 
Event Counter | 
Pulse Width Measurement 
The Interval Timer, Pulse Generation, and Pulse Width Mea- 
surement Modes are 02 clock counter modes. The Event 
Counter Mode counts the occurrences of an external event 
on the СМТН line (PA2). 


The Counter is set to the Interval Timer Mode (00) when a 
RES signal is generated. 


611 Interval Timer Mode 


In the Interval Timer mode the Counter is initialized to the 
Latch value by either of two conditions: 


1. When the Counter is decremented from 0000, the: next 
Counter value is the Latch value (not FFFF). 


2. When a write operation is performed to the Load Upper 
Latch and Transfer Latch to Counter address 0019, the 
Counter is loaded with the Latch value. Note that the 
contents of the Accumulator are loaded into the Upper 
Latch before the Latch value is transferred to the 
Counter. 


The Counter value is decremented by one count at the 02 
clock rate. The 16-bit Counter can hold from 1 ю 65535 
counts. The Counter Timer capacity is therefore 1/5 to 65.535 
ms at the 1 MHz 02 clock rate ог 0.5ш5 to 32.767 ms at the 
2 MHz 2 clock rate. Time intervals greater than the maxi- 


mum Counter value can be easily me measured by counting IRQ 
interrupt requests in the counter IRQ interrupt routine. 


When the Counter decrements from 0000, the Counter Un- 


" детом (IFR5) is set to logic 1. If the Counter Interrupt Enable 


Bit (IER5) is also set, an IRQ interrupt request will be gen- 


erated. The Counter Underflow bit in the Interrupt Flag Reg- 


ister can be examined in the IRQ interrupt routine to deter- 
mine that the IRQ was generated by the Counter Underflow. 


R6541Q and R6500/43 
While the timer is operating in the Interval Timer Mode, PA2 
operates as a PA ГО. 


A timing diagram of the Interval Timer Mode is shown in Fig- 
ure 6-1. 


Bun ы ӘН ж За 


COUNTER UNDERFLOW 


L2 [| *: | о [uito (шш 


COUNTER INTERRUPT ENABLED. | | 


SET АМҮ TIME BEFORE 


COUNTER UNDERFLOW FLAG COUNTER UNDERFLOW| | 


D. NES NR A 


Figure 6-1. Interval Timer Timing Diagram 


6.1.2 Pulse Generation Mode 


In the Pulse Generation mode, the PA2 line operates as a 
Counter Output. The line toggles from low to high or from 
high to low whenever a Counter Underflow occurs, or a write 
is performed to address 0019. 


The normal output waveform is a symmetrical square-wave. 
The PA2 output is initialized high when entering the mode 
and transitions low when writing to 0019. 


Asymmetric waveforms can be generated if the value of the 
latch is changed after each counter underflow. 


A one-shot waveform can be generated by changing from 
Pulse Generation to Interval Timer mode after only one oc- 
currence of the output toggle condition. 


6.1.3 Event Counter Mode 


In this mode PA2 is used as an Event Input line, and the 
Counter will decrement with each rising edge detected on 
this line. The maximum rate at which this edge can be de- 
tected is one-half the Z2 clock rate. 


The Counter can count up to 65,535 occurrences before un- 


derflowing. As in the other modes, the Counter Underflow bit - 


(IERS) is set to logic 1 if the underflow occurs. 
Figure 6.2 is a timing diagram of the Event Counter Mode. 


e “Le - 


Теову “- 


20У 2093 ову 


PES > + NES 


Figure 6-2. Event Counter Mode 
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6.1.4 Pulse Width Measurement Mode 


This mode allows the accurate measurement of a low pulse 
duration on the PA2 line. The Counter decrements by one 
count at the 02 clock rate as long as the РА? line is held in 
the low state. The Counter is stopped when PA2 is in the 
high state. 


The Counter underflow flag will be set only when the count 
in the timer reaches zero. Upon reaching zero the timer will 
be loaded with the latch value and continue counting down 
as long as the PA2 pin is held low. After the counter is 
stopped by a high level on PA2, the count will hold as long 
as PA2 remains high. Any further low levels on PA2 will again 
cause the counter to count down from its present value. The 
state of the PA2 line can be determined by testing the state 
of PA2. 
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POWER ON/INITIALIZATION CONSIDERATIONS 


7.1 POWER ON TIMING 


After application of VCC power to the device, RES must be 
held low for at least eight stable @2 clock cycles after Vec 
reaches operating range. 


Figure 7-1 illustrates the power turn-on waveforms. External 
clock stabilization time is typically 20ms. 


|= Clock Stabilization Time — 


2 ла NAN LLU $e 


- #2 Clock Cycles Min = 


a 0180 


Figure 7-1. Power Turn-On Timing Detail 


7.2 POWER-ON RESET 


The occurrence of RES going from low to high will cause the 
device to set the Interrupt Mask Bit—bit 2 of the Processor 


Status Register—and initiate a reset vector fetch at address 


FFFC and FFFD to begin user program execution. All of the 
/О ports will be initialized to the high (logic 1) state. All bits 
of the Control Register will be cleared causing the Interval 


Timer counter mode to be selected and causing all interrupt. 


enabled bits to be reset. 
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7.3 RESET (RES) CONDITIONS 


When RES is driven from low to high the device is put in a 
reset state causing the registers and /О ports to be set as 
shown in Table 7-1. 


Table 7-1. RES Initialization of I/O Ports and Registers 


REGISTERS | 
Processor Status 
Mode Control (MCR) 
Int. Enable (IER) 

Int. Flag (IFR) 

Host Status Flag 
Input Data | 
Output Data 


PORTS 
PA Latch 
PB Latch 
PC Latch 


All RAM and other CPU registers will initialize in a random, non- 
repeatable data pattern. | 


7.4 INITIALIZATION 


Any initialization process for the device should include a RES 
as indicated in the preceding paragraphs. After stabilization 
of the external clock (if a power on situation) an initialization 
routine should be executed to perform (as a minimum) the 
following functions: | 


. The Stack Pointer should be set 

. Clear ог Set Decimal Моде. 

. Set or Clear Carry Flag ` 

Set up Mode Controls and Counter as required 
. Clear Interrupts. 


лљсоћ = 


А typical initialization routine could be as follows: 


LDX Load stack pointer starting address into 
X Register 


TXS Transfer X Register value to Stack Pointer 
CLD Clear Decimal Mode 
SEC Set Carry Flag 
Set-up Mode Control, 
Counter, special function 
еи registers and Clear RAM as required 
CLI Clear Interrupts 
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_ APPENDIX A | 
EXPANDED R6502 INSTRUCTION SET 


This appendix contains a summary of the R6502 instruction 
set. For detailed information, consult the R6502 Microcom- 
puter System Programming Manual, Document 29650 N30. 


АЛ INSTRUCTION SET IN ALPHABETIC 


SEQUENCE 
MNEMONIC INSTRUCTION 

ADC ` Add Memory to Accumulator with Carry 
AND "AND". Memory with Accumulator 
ASL Shift Left One Bit (Memory or Accumulator) 
*BBR Branch on Bit Reset Relative 
*BBS Branch on Bit Set Relative 

BCC Branch on Carry Clear 

BCS Branch on Carry Set 

BEQ Branch on Result Zero 

BIT Test Bits in Memory with Accumulator 
BMI Branch on Result Minus 

BNE Branch on Result not Zero 

BPL Branch on Result Plus 

BRK Force Break 

ВУС Branch on Overflow Clear 

BVS Branch on Overflow Set 

CLC Clear Carry Flag 

CLD Clear Decimal Mode = 

CLI Clear Interrupt Disable Bit 

CLV Clear Overflow Flag 

CMP Compare Memory and Accumulator 
CPX Compare Memory and Index X 

CPY Compare Memory and Index Y 

DEC Decrement Memory by One 

DEX Decrement index X by One 

DEY Decrement Index Y by One 

EOR "Exclusive-Or" Memory with 

Accumulator 

INC Increment Memory by One 

INX Increment Index X by One 

INY Increment Index Y by One 

JMP Jump to New Location 

JSR Jump to New Location Saving Return 


Address 


The four instructions notated with a * are added instructions 
for the IPC devices which are not рап of the standard 6502 
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instruction set. 


MNEMONIC 
LDA 
LDX 
LDY 
LSR 


STY 


TAX 


TYA 
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INSTRUCTION 
Load Accumulator with Memory 
Load Index X with Memory 
Load index Y with Memory 
Shift One Bit Right вя ог 
Accumulator) 


No Ope ration 


"OR" Memory with Accumulator 


Push Accumulator on Stack 
Push Processor Status on Stack 
Pull Accumulator from Stack 
Pull Processor Status from Stack 


Reset Memory Bit 

Rotate One Bit Left (Memory or 
Accumulator) 

Rotate One Bit Right етер ог 
Accumulator) 

Return from Interrupt 

Return from Subroutine 


Subtract Memory from Accumulator with 
Borrow 

Set Carry Flag 

Set Decimal Mode 

Set Interrupt Disable Status 

Set Memory Bit 

Store Accumulator in Memory 

Store Index X in Memory 

Store Index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index У 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Register 
Transfer Index Y to Accumulator 
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A.2 R6500/1-11 INSTRUCTION SET SUMMARY TABLE 


ADDRESSING MODES | | | 


Исла то сре БЕТ ршн ш СВИ ОСНИВА СЛАБЕ кырыккан хх аа 
| Exon oreo сап са ПЕПЕ ЕЕ ШИ IER RU 


ОРЕВАТОМ 


АПС А+М+С-+А (4)(1) 

АМО А MA | 

ASL C- 

BBR[£4(B -7)] | Branch оп M,=0 

BBS{#(0-7)] [Branch оп М, = 1 

BCC Branch on С-:@ 

BCS Branch on С-1 

BEQ Branch on 2=1 

BIT AM 

ВМІ Branch on N« 1 

BNE Branch on 2-0 

BPL Branch on М-й 

BRK Break 

BVC Branch on V=@.. 

Ву5 Вгапсһ оп У-1 

СІС 

CLD 

CLI 

CLV 

CMP 

CPX 

CPY 

DEC 

DEX 

DEY 

EOR 

INC 

INX 

ІМҮ 

ЈМР 

JSR 

LDA 

LDX 

LDY 

LSR 

NOP No Operation’ 

ORA AVM—A 

PHA A—Ms S-1—8 

PHP PMs -5-1-5 

PLA 5+1-56 Ms—A 

PLP $+1—$ М-Р 
-| АМВ[#(2–7)] 

ва 

RØR 

RTI 

RTS 

SBC 

SEC 

SED 

SEI 

SMB[#(0-7)] 

STA 

STX 

STY 

TAX 

TAY 

TSX 

TXA 

TXS 

TYA 


NOTES | | 24 | е | | | | | a М, = Memory Bit 6 
t. Add 1 to М if page boundary is crossed. ' HN | - | Ада 
2. Add 1 to МИ branch occurs to same page | | | і | 7 NE Subtract 

Add 2 to N if branch occurs to different page "TM | Р i . | Accumulator = 


3. Carry not = Borrow ; . . ~ : Memory per effective address Or 
. If in decimal mode 2 flag is invalid | | | Memory per stack pointer Exclusive Ог. 


accumulator must be checked on zero result. ық | | $ ; | e Selecter zero page memory bit Митһег of cycles 
. Effects 8-bit data field of the specified zero page address. i : = Memory ВИ7 | = Number of Bytes 
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A.3 INSTRUCTION CODE MATRIX 


1 2 3. 4 5 6 7 9 A B C D E F 


8 
ORA ORA | ASL | RMBO | PHP | ORA | ASL ORA | ASL | BBRO 
IND, X) ZP 2Р ZP | implied | ІММ | Accum ABS | ABS ZP 0 
2 6 5^3 2 51 25 |2212 3 4|3 6 |3 65" 
ASL | ВМВ | CLC | ORA ORA | ASL | ВВА1 
ZP, X ZP | Implied | ABS, Y ABS, Х | АВЅ, Х| ZP 1 
2 6 1 2 з |з у |3 5" 


2 5 3 4 
| JSR ` ROL | RMB2 | PLP ROL . ВТ ROL 
2 | Absolute 2Р 2Р Implied Accum ABS | ABS 
136 225 2 5 14 12 3 4 ; 3 6 
ROL | RMB3 | SEC | AND AND | ROL 
23 ZP, X 2Р ітріесі | АВ5, Ү ABS, X | ABS, Х | 
| 2 6 2 5 12 34 34137 
ВТІ LSR | ВМВ4 | PHA EOR LSR JMP EOR LSR . 
4 | Implied гр гР Implied | "ММ | Accum АВ5 АВ$ ABS | 
| 2 5 2 5 13 2 2 12 33134 36. 
| LSR | RMBS си ЕОН ЕОН LSR 
5 ZP, X 2Р Implied | ABS, Y ABS, X | ABS, X 
2 6 2 5 12 3 4 3 4 3 7 | 
ROR | RMB6 | PLA ADC ROR | ADC 
6 ЕР 2Р Implied | IMM | Ассит і АВ5 
| 2 5 2 5 2 2 1 2 


ROR | RMB7 SEI ADC | ADC 
7 ZP, X 2Р Implied | ABS, У АВ$, Х 
26 2 5 1 3 4 
| TXA STY STX 
8 Implied ABS ABS 
1 2 3 4 3 4 


ВСС 
Relative 
2 2“ 


14 
2 
STX | SMBO | DEY 
ZP | ZP | Implied 
23125112 
STX | SMB1 | TYA | STA | ТХ5 
Implied | ABS, Y | Implied 
1 2 135 12 
LDA | LDX | SMB2 | TAY | LDA | TAX LDY | LDA | LDX 
2Р 2Р ZP | тред | ІММ  |Implied ABS | ABS | ABS 
23 |283]|25|12]|22 12 34'34'|34 
| CLV | LDA | TSX LDY | LDA | LDX 
Implied | ABS, Y |Implied ABS, Х | ABS, X | ABS, Y 
12 зе 3 4 |3 4 
‘CMP | DEC | SMB4 | МУ | CMP | DEX | 
2Р 2Р ZP | Implied | IMM |Implied ABS | ABS | ABS 
23|25|25.12 22 |12 34|341|836 
МВ5 | CLD | СМР СМР 
Implied | ABS, Y ABS, X | ABS, X 
12 |3: 4 з 4* |. | 
CPX | SBC | INC | SMB6 | ІМХ SBC | NOP СРХ | SBC | INC 
ZP ZP ZP ZP | Implied | IMM  |Implied ABS | ABS | ABS 
1223-1231 25 |-2 6 уска его 12 34|] за | 3 6 
ЗЕО 
2 
8 2 


wp = 
o 
< 
N 
о 
^x 
N 
yn 
ox 
М 
мо 
~ < 
кс 
сл 


BCS 
Relative 
2 2** 


CPY | CMP | DEC 


CPX 
E IMM 
2 2 


BEQ 
F | Relative 
2 2“ 


SBC INC | SMB7 |. SBC SBC | 
ZP,X | ZP,X ZP Implied | ABS, Y ABS, X | ABS, X 
2 4 2 6 2 5 1 3.4 3 4* | 


0 Ји 2 Зз 4 5 6 7 C D Е Е 


| 


"Ада 1 to М if page boundary is crossed. 


ВВК | —OP Code ** Add 1 to МИ branch occurs to same page; 
0 | Implied | —Addressing Mode add 2 to N if branch occurs to different page. 


1 7 | —Instruction Bytes; Machine Cycles 
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R6541Q and R6500/43 | | Intelligent Peripheral Controllers 


APPENDIX B 
KEY REGISTER SUMMARY 


CPU Registers | Processor Status Register 
7 6 4 
Е А 5 3 2 1 0 
7 0 
INDEX REGISTERY у CARRY (€) 0) 
7 | 0 1 = Сату бей 
15 | 7 0 Zero (2) (1) 
| | PCH O | PCL PROGRAM COUNTER PC 
7 9 1 = Zero Result 
0 = Non-Zero Result 
STACK POINTER s | 
E... 0 | | INTERRUPT DISABLE (1) (2) 
IN|v| [8 [0]! ]2 [o] processor status ВЕС Р 1 = IRQ interrupt Disabled 


0 = IRQ Interrupt Enabled 


DECIMAL MODE (D) (1) 
1 - Decimal Mode 
0 = Binary Mode 


а BREAK COMMAND (B) (1) 
Mode Control Register | CASO DENS 


0 = Non-Break Command 


OVERFLOW (0) (1) 


MCR ADDR 0014 | 
1 = Overflow Set 
0 = Overflow Clear 
NEGATIVE (М) (1) 
МОТЕ5 | 
(1) Not initialized by RES 1 = Negative Value 
COUNTER (2) Set to Logic 1 by RES 0 = Positive Value 
SELECT MODE 
BUS MODE 
SELECT 
NOT USED 0 0 INTERVAL TIMER 
0 1 PULSE GENERATOR 
1 0 EVENT COUNTER 
BUS SELECT 1 1 PULSE WIDTH MEASUREMENT ; 
0 = 6500/6800 BUS -interrupt Enable and Flag Registers 
1 - Z80/8080 BUS 
"INT SELECT 
0 = PC6 i IER ADDR 0012 
1=INT 
0 0 PORTB ALL INPUTS 
0 1 PORT BALL OUTPUTS 
1 0 ABBREVIATED BUS MODE 
Q1 ^ 1 MULTIPLEXED BUS MODE 


| ADDR 0011 


Host Status Flag Register 

| | РАО POSITIVE 
» |» || н dai 
HSFR ADDR 001E INTERRUPT ENABLE 


PA1 NEGATIVE 
EDGE DETECT 


INTERRUPT ENABLE 
INTERNAL INTERRUPT | 
REQUEST, IRQ ENABLE | 
EXTERNAL INTERRUPTS REQUEST 1, 
INT-1 ENABLE 
INPUT DATA REGISTER 
FULL FLAG EXTERNAL INTERRUPT REQUEST 2, 
INT-2 ENABLE 


COUNTER UNDERFLOW 
INTERRUPT ENABLE 


OUTPUT DATA REGISTER 
FULL FLAG 


Host Addressing Matrix 


COPIES RS ON 
WRITE FROM HOST 


COMMAND 
INPUT 


DATA REG 
INPUT 


HOST | 
STATUS FLAG 


DATA REG 
OUTPUT 


GENERAL PURPOSE 
FLAGS STATUS REGISTER 
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. 840-6 


PORT B ALL INPUTS 
& 
PORT B ALL OUTPUTS 


ЕЕРЕ| ІНОУЕСТОН _ 


ЕГЕС. RES VECTOR 
FFFA NMI VECTOR 


4K USER 


PROGRAM 


2000 


RESERVED 


Il-— EMS VALID 


007F 


INTERNAL RAM (64) 


RESERVED 


001F | 
. | vo & REGISTERS 


0000 


Е 


ABBREVIATED BUS МОРЕ 


С АО VECTOR 


4K USER 
PROGRAM 


RESERVED : 


PERIPHERAL 
ADDRESSES 
(16) 


INTERNAL RAM (64) 


RESERVED | i 
VO & REGISTERS 


d 


APPENDIX С _ ME 
С.1 MEMORY MAPS AND ADDRESS AND PIN ASSIGNMENTS 


-FFFE 


FFFC 
FFFA 


Ғ000 


> 
m 
m 
т 


|+--- EMS VALID 
e 

о 

© 


0040 


001Ғ 


0000 


:MULTIPLEXED BUS MODE 


IRQ VECTOR 
RES VECTOR 


NMI VECTOR 


4K USER 
PROGRAM. . 


RESERVED 


EXTERNAL MEMORY 
4096-128 


INTERNAL RAM (64) 


RESERVED 
[О & REGISTERS | 


R6500/43 
(W/BOOT STRAP ROM) 


ЕЕРЕ| [RQ VECTOR 


, РЕЕС | (ОР RESET VECTOR) | 


FFFA NMI VECTOR 


4K 
USER PROGRAM 


2000 


1000 
ЕАН 

ОЕЕС| ВЕЗЕТ МЕСТОВ | 

ОРЕВ ВООТ ЅТВАР 


ВОМ (256) | 


NOT 
AVAILABLE 
0100] 


INTERNAL 
RAM /64) 


RESERVED 
001Ғ 
| Џо в REGISTERS 
0000 


0040 


.. Р000 


R6541 & R6500/43 
(W/O BOOT STRAP ROM) 


FFFE IRQ VECTOR . 
ЕРЕС RES VECTOR 
FFFA NMI VECTOR 


4K 
USER 
.. PROGRAM 


NOT AVAILABLE 


- EXTERNAL 
MEMORY 
4056-128 


INTERNAL 
RAM (64) 


001F]. - 


0000 


INTERNAL REGISTERS 


READ 


HBB Status Register 


Input Host Bus Buffer 
Lower Counter A 
Lower Counter А# 
Upper Counter А 


Interrupt Enable Reg. 


interrupt Flag Reg. 
Read FF 


WRITE 
| 001F 


HBB Status Register 001Е 
ET 001D 
Ошрш Host Bus Buffer | 001С 
— "0018 
Lower Latch А 001A 
Upper Latch A*# 0019 
Upper Latch A 0018. 
0017 


0016 
0015 
‚0014 
0013 


| Interrupt Enable Reg. 0012 


0011 


Cir Interrupt Flag Reg. | 0010 


000Е 


NOT AVAILABLE 


ЏО PORT C 
| MO PORT B 
ПО PORT A 


*-—AND START COUNTER - 
# CLEAR FLAG 


0003 
0002 


0000 


ADDRESS 


£t/0059H pue DLvS9H 


зло|јолдшо5 |елочацоа зиэбиэч! 


R6541Q and R6500/43 


Intelligent Peripheral Controllers 


C.2 ИО AND INTERNAL REGISTER ADDRESSES 


001Ғ ---- 
1Е Host Status Fiag Register 
1D ---- 
1С Input Data Register (IDR) 


1B — — 

ТА Lower Counter 

19 Lower Counter & Clear Над (IFR5) 
18 Upper Counter 


15 — — 
14 Mode Control Register 


13 — — 

12 Interrupt Enable Register 
11 interrupt Flag Register 
10 Read "FF" 


C.3 MULTIPLE FUNCTION PIN ASSIGNMENTS 


PIN NUMBER Џо 
R6541Q R6500/43 FUNCTION | 

31 PCO 

30 PC1 

29 PC2 

28 _ РСЗ 

27 РС4 


PCS 
PC6/INT 


ABBREVIATED PORT 
FUNCTION 


WRITE 


Host Status Flag Register 


Output Data Register (ООН) 


Lower Latch 
Upper Latch/Transfer Latch to Counter & Clear Flag (IFR5) 
Upper Latch 


Mode Control Register 


Interrupt Enable Register 


Clear Int Flag Bit 


MULTIPLEXED PORT 
FUNCTION 


A11/D7 
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APPENDIX D 
ELECTRICAL SPECIFICATIONS 


Maximum Ratings 


RATING SYMBOL 


Supply Voltage | -0.3 to +70 [vac 
input Voltage 20310 +70 Vds 


Operating Temperature Range, T 0 to +70 | °С 
Commercial | 


This device contains circuitry to protect the inputs against damage due to high static voltages, however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum. rated voltages to this circuit. 


D.C. Characteristics (Vc. = 5V + 5% Vss = 0) 


CHARACTERISTIC SYMBOL TYP MAX | UNITS 


Power Dissipation (Outputs High) 
Commercial 0°C to +70°С 


ie Leakage Current —10.0 +10.0 
Vi, = 0% 5.25 Vdc | | 
Input Low Current lu -1.0 
(Vi. = 0.4 Мас) 
Output High Voltage Von +2.4 Vcc 
(Мес = тіп, Поза = — 100 p. Adc) 
Output High Voltage Мемоз Мес- 3096 
(Vec = тіп) 
Output Low Voltage 
(Мес = тіп, |а = 1.6 E 


ӨТТ Low Current S 
(Vo. = 0.4 Мас) 


Darlington Current Drive, PE* 
(Мон = 1.5 Мас) 
Output Low Current, РЕ” 
(Vo. = 0.4 Мас) 


Input Capacitance: 


(Vin — 0, Ta = 25°C, f = 1.0 MHz) 
PA, PB, PC, PF*, PG' 


Output Capacitance pF 
(Vi, — 0, Тл = 25°C, f = 1.0 MHz) 
/О Port Resistance KQ 


PAO-PA7, PCO-PC6 
РЕО-РЕ7, PGO-PG7 


NOTE: Negative sign indicates outward current flow, positive indicates inward flow. Усс = 5V + 5% *R6500/42 only 
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Н65410 апа 86500/43 Intelligent Peripheral Controllers 
APPENDIXE 0 
TIMING REQUIREMENTS AND CHARACTERISTICS 


E.1 GENERAL NOTES E.2 CLOCK TIMING 
1. Мес 5V t 5%, 09С < Ta = 70°C 


2. A valid Усс – RES sequence is required before proper 
operation is achieved. 


Tow [o 
певали ата 


Tpweo CLKIN Input Clock 
Pulse Width 

Tpwo2 | Output Clock Tpwgo Трудо Трууво ы 
Pulse Width at + 20 
Minimum Тсус 

Тя, ТЕ Output Clock 
Rise, Fall Time 


3. All timing reference levels are 0.8У and 2.0V, unless other- 
wise specified. 


4. All time units are nanoseconds, unless otherwise specified. 


5. All capacitive loading is 130 pF maximum, except as noted 
below: 


PA, PB — 50 pF maximum | 
шлш ШШШ [кышт = 
РВ, РС (АВВ апа Мих Моде) — 130 РЕ тахїтит еј 
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R6541Q and R6500/43 


Intelligent Peripheral Controllers 


_Е.3 ABBREVIATED MODE TIMING—PB AND РС 


(MCR 5 - 1, MCR 6 - 0, MCR 7 - 1) 


| їмҥ | ом | 
SYMBOL PARAMETER 
NECEM 


m A Sew Tine — [e ЕИ ЕИ 
т горит | Tor] pne 
Trass Te Data pem Time | so | — [35 | 

БИ СЕТЕ od Tw С | =o | 
те [) Onis Odo Sony | [we|- [= 
ИТИИ ЕСИ — [э | = 
по (елита ә ыр 
тє jeampenm ИЕ Е 


m EMS Stabilization Time 
EMS Setup Time 


NOTE 1: Values assume РСО-РС5 have the same capacitive load. 


Abbreviated Mode Timing Diagram 


READ 


Г: | V 


PCO-PC3 


PBO-PB7 


965419 and R6500/43 


E.4 MULTIPLEXED MODE TIMING—PB AND PC 


(MCR 5 = 1, MCR 6 = 1, MCR 7 = 1) 


PARAMETER 


Trcas РС5) R/W Setup Time ' 
Treas (РСО-РСЗ) Address Setup Time | — | 
| (PB) Address Setup Time | — | 


| MiN | 

ВЕЩ 

EE 

ЖОҚ 

ЕЕ 
Тана | (РВ) Data Read Hold Time 10 | — |. 
| ЕВ 

Жый 


SYMBOL 


Ala 
с > 
m о 
т > 
с Uu 


B) | — | 35 
О ЕС | — [39 
Ts |) Oats Одра vay Е ЕСЕ 

[СОР лавы Ноа | | 
(PB) Address Hold Time | о | 100 | 0 | 
есзатнате — — Е | 
com ame o | — | 10 


КЕЕ + — — 
2 2 v т > У 
о о о o о Ф 
< т = т т т 
5 < > > > = 


- 
5 
о 
< 
т 


яң.------------і-к 


TPBAS 
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R6541Q and R6500/43 э | . |ntelligent Peripheral Controllers 


Е.5 МО, EDGE DETECT AND COUNTER TIMING. 


PARAMETER 


Internal Write to Peripheral Data Valid 
PA, PC TTL 
PA, PC CMOS 


о РА? Input Pulse Width 
РАг Output Delay 


РАО-РА7 
PBO-PB7 
PCO-PC7 


Edge Detects 
‚ (PAO-PA1) 


PBO-PB7 | 


РАО-РА7 
РВО-РВ7 
PCO-PC6 
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E.6 MICROPROCESSOR TIMING (DO-D7, 
А0-А12, A15, SYNC, RW) | 
[ MHz | 2MH2 | 


SYMBOL PARAMETER | мм] мах | мм | мах. 
Tens [Rew Soup tine | [zs [9 


Time 


Tosu 00-07 Data Setup Time | 50 | — | 
00-07 Read Hold Time | 10} — | 
00-07 Write Hold Time | 30 | — | 


Тіс: 00-07 Write Output 175 
Delay 


moma Ате наат [35 | — _| 
Бей 


Тым R/W Hold Time 


Tacc External Memory Access 

Time Tae Теус--І- 

Taos— Toso 

SYNC Hold Time ___ 30| — | 


АСС 


со о | о о | — | с 
о ојо Olola 
- Zl c 

al 8 


E.6.1 Microprocessor Timing Diagram 


READ 


4&—— THAW 


7 


г сл TRWS 


ж---- ТНА 


rim ВЕТ 


Z LE 


— | |a THR THW —— 


TSYH -4—— TSYH 


In NX X 


“--.------”! TSYN 
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ЗЕСТЮМ 4 
MEMORY PRODUCTS 


Product Family Омегмїем/................................................... 


Masked ROMs | 

R2332A and R2332B 32K NMOS Static ROM .................................. 
R2364A 64K NMOS Static ROM ............................................. 
R2364B 64K NMOS Static ROM ............................. OPENS 
R23C64 64K CMOS Static ROM ............................................. 
R23128 128K NMOS Static НВОМ............................................. 


UV Erasable and One-Time PROMs | 

R27C64P 64K CMOS One-Time PROM ....................................... 
R87C32 32K CMOS UV EPROM .......................... QI PPS 
R87C64 64K CMOS UV ЕРНОМ............................................. 


EEROMs 

R5213/2816 16K EEROM ud reme de ER GC ROC AGO RODA ЗЫ Ru Rare ees 
R52B33 64K Latched EEROM ........................................ pP 
R2816A and R5516A 16K Latched EEPROM with Timer. . . . . ынтаны ЛК ТО ЖУТ 


МУВАМ 
R2000 64 x 8 Non-Volatile НАМ........ НИ ТТТ Тал — 


EPROM Pinouts Guide ..................................................... 


| MEMORY PRODUCTS | 
System ROM, Advanced CMOS and EEPROM 


Multi-chip systems need memory. How much and what 22. 10 millisecond/byte erase/write time and unlimited read. 


type is up to the designer. Some memory devices are high: ` cycles. Each byte may be erased and written a minimum of 
volume, low price products. Some are tougher. to produce.  . 10,000 times, with a fast access time of less than 250 ns. 
Rockwell is as good as you can get at tough ROM, custom And, there's more: the R2816A and R5516A, with on-chip 
coded, made to order, 32K through 128K. So, when you're timing and data latches. The R2816AH writes a byte in only 
assembling a microprocessor based system, Rockwell can 2 ms while the R5516A improves endurance to at least 
deliver it all, including ROM. | | 1,000,000 write cycles/byte. | NE 

And, if you're working on a low power, high speed, | So, whatever your system need, Rockwell has the right 
system, Rockwell can supply CMOS ROM. ROM—NMOS, CMOS, UV EPROM and EEPROM. 

For systems needing low-power custom memory, we even .. Our multi- and single-chip microprocessor and micro- 
offer CMOS UV EPROMs - ROM that can be electrically computers, 8 or 16 bit, are the most usable product line 
programmed and erased with ultraviolet light. _ available today. And, to help make them even more usable, 


But Rockwell is also into some very new technology, with we also offer memory. | 
5V ЕЕРНОМв. Тһе new R5213 16K EEPROM has а Ж же: | | 


Rockwell Has The Right ROM For Your System 


Li | | Access Time | 
к. Рам Мо. Product Description Ж (Nanoseconds) - Package 


NMOS | R2816A -25 16K (2K x 8) 5V Latched EEPROM | . . e4-Pin 

EEPROM -3 > with On-Board Timer | | ] CERDIP 

-35 (10 ms Write Cycle)(2 ms Write Cycle^ 
| (10,000 Write Cycles/Byte) 


R5213 25. 16K (2K х 8) 5V EEPROM 00-00 250 | 24-Pin | 
3 | | CERDIP 
225 | 


R5516A -25 16K (2K x 8) 5V Latched EEPROM ^ 24 Pin 
-3 with Оп-Воага Timer | CERDIP 

-35 (10 ms Write Cycle) | 

(1,000,000 Write Cycles/Byte) 


R52B33 -2 64K (8K x 8) 5V Latched EEPROM 24-Pin 
-25 CERDIP 
-3 -300 
ЕС | 3350 
R2716P -25 64K (8K x 8) Опе те PROM 28-Pin 
-350 | Plastic DIP 
R87C32 -35 З2К (4К х 8) 5V ОМ EPROM. Us · -350' |. 24-Ріп 
-45 | | -450 СЕНПІР 
-55 -550 


R87C64 -2 64K (8K x 8) 5У UV EPROM -200 28-Pin 
-25 | -250 . CERDIP 
-35 | ? -350 | 


R23C64 -15Р 64K (8K x 8) Static ROM 28-Pin 
-25P, -25РЕ Plastic DIP! 
-ЗР 
` -85PE 


-200 


R2332A? -2P 32K (4K x 8) Static ROM 24-Pin 


-25Р, -25SP, -25EP -250 Plastic DIP" 
-3P, -3SP, -ЗЕР -300 | 
-Р -SP, -EP -450 


R2364A -2P 64K (8K x 8) Static ROM -200 24-Pin 
-25P -250 Plastic ПІРІ 
-3P, -3SP, -ЗЕР . -300 


R2364B -3P -3SP, -ЗЕР 64K (8K x 8) Static ROM -300 28-Pin 
| Plastic DIP’ 

R23128 -25P, -25EP 128K (16K x 8) Static ROM 28-Pin 
‚ -ЗР, -ЗЕР Plastic ПІРІ 


МОТЕ5: LEGEND = 
1. Also available in ceramic ІРО. 3. R2816AH only. А = ТІ./Моюгоһа ЈЕРЕС E = Ext. Temp. (-40? to 859С) 
2. Also available in alternate 24-pin pinout (R2332B 0). S - Standby power 
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R2332A and R2332B 


Memory Products 


6 % | R2332A АМО R2332B 


32K (АК x 8) STATIC ROM 
Rockwell mor 


DESCRIPTION 
The R2332A and R2332B ROMs аге 32,768-bit static Read- 


Only Memories (ROMS), organized as 4,096 eight-bit bytes, that REN 

offer maximum access times of 200 to 450 nanoseconds, POWER CHIP 

respectively. These ROMS are in industry-standard 24-pin, dual DOWN SELECT 

in-line packages, and are available in ceramic or low-cost plastic. AcT/sTBY| | DECODER 

These fully-static 32K-bit ROMs are compatible with 8-bit NMOS 

microprocessors, including the R6500 family of microprocessors. | 

All R2332A and R2332B ROMs operate totally asynchronously А0 00 

and require по clock input. These devices provide tri-state out- А1 T Q1 

put buffers for memory expansion. These ROMs offer TTL input A2 m" | u Q2 

and output levels with a minimum noise immunity of 0.4 volts. ас 32,768-BIT = оз 
k A3 оер ROM m 

The mask-programmable chip enable input (Е/Е) may be pro- A4 Ш б CELL ARRAY 5 Q4 

grammed to function as a chip select without power down A5 > = Е 05 

standby mode ог as a стр enable with power down standby AG 9 Ó Q6 

mode. The active level of the enable input is also programmable. Q7 


FEATURES 


4,096 x 8 organization 
- Access time: 200 ns, 250 ns, 300 ns, and 450 ns (max.) 
Low power dissipation is 125 mW active, 37.5 mW standby 
Drives two TTL loads and 100 pF 

Single +5\ = 10% power supply 

Totally static operation, no input clock required 

Completely TTL compatible 

Mask-programmable chip enable and chip select 

Tri-state outputs for memory expansion R2332B 


ORDERING INFORMATION 
Part Number: R2332 A 


COLUMN 
DECODER 
(1 OF 32) 


A7 A8 A9 A10 A11 


R2332A and R2332B Block Diagram 


ее е е е еее е 


А8 

А9 

G/G/N* 

E/E/N* 
‚ A10 

A11 

Q7 

Q6 

Q5 

Q4 

Q3 


L Package: 
C = Ceramic 
P = Plastic 
Temperature Range: 
. No letter = 0°С to +70°С 
Е = —40°С to +85°С 
Power Down Standby Mode: 
S = Yes 
No letter = No 


oon aah ОМ = 
х oO ч о om » o м ~ 


Access Time (Max.): 
2 — 200 ns 

25 = 250 ns 
Note: Submit ROM 3 — 300 ns 
codes using Hockwell No number(s) = 450 ns 
ROM Code Order 
Form, Order No. Model: 
2137. A = R2332A 


В = R2332B R2332A and R2332B Pin Configuration 


*Mask-programmable option 
“М = No effect on selection/enable logic, however, no voltage 
other than logic levels shall be applied. 


Document No. 29000D89 Data Sheet Order No. D89 


Rev. 2, March 1984 
4-3 


R2332A and R2332B | 32K (4K x 8) Static ROM 


ABSOLUTE MAXIMUM RATINGS* 


[Parameter [зун | Уан [о 
| 
ТА 


"NOTE: Stresses above those listed under "Absolute Maximum 

Ratings" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not. implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


Output Voltage —0.5 to - 7.0 


Temperature Under Bias |. | °С 
‚ Commercial —10 to +80 
Industrial | | —50 to +95 


Storage Temperature  . —65 to +150. 


DC CHARACTERISTICS Vec = 5.0V + 10%, Т, = 0°C to 70°C (unless otherwise specified) | 


Test Conditions 


| Units | | 
Мес = 45V, lg, = 3.3 mA | 
V 
У 
[ом 


СТІНИ 24 | 
[ouipatow voee БЕНЕН | 

I NE 

Ж Ж 


2.4 
| Input Load Current | 


uA Усс = 5.5V, ОМ < Мн = 5.5V 
| 
ШЕГЕН 


Vcc = 5.5V, стр deselected, - 
Vout = +0.4V to Усс 


Power Supply Current, Active еми Т 
сс 


Input Capacitance? Vcc = 5.0V, chip deselected, pin : 


under test at OV, T4 = 25°С, 
Output Capacitance? | 


f = 1 МН2 


Notes: | 
1. Applies only to стр enable with power down standby mode. 
2. This parameter is periodically sampled and is not 100% tested. 


AC CHARACTERISTICS Vcc = 5.0У + 10%, ТА = 0°C to 70°C (unless otherwise specified) 


| 2 R2332-2 R2332-25 R2332-3 R2332-45 


алау | Address Valid to Output Valid (tcc) (Access) | | 
| EN 


mE 
ЕБ 
| 200 | 
| - ! 10 E 
teLax Chip Enable Low to Output (tco) Invalid 10 М 

Гоно Desicton o Бони Gown Ти ГО во [| [ое |9 


temaz | Chip Select High to Output High Z? — — 10 70^ | 10 70^ 10 70^ 10 70^ 


Notes: 

1. Test Conditions: | | | 
Output Load: 2 ТТІ Loads and 100 pF; Input Transition Time: 20 ns; Timing Reference Levels: Input: 1.5V; Output: 0.8У, 2.0V. 

2. Mask-programmed for chip enable with power down standby mode. .. Bh a es 

3. Mask-programmed for chip enable without power down standby mode. 

4. Add 20 ns for extended temperature devices (—40°C to +85°C). ` 


2 
o 


2 
^] 
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R2332A and R2332B 


32K (4K x 8) Static ROM 


TIMING DIAGRAMS 


READ CYCLE TIMING 1 
(E HELD LOW) 


ADDRESS | / 
‚ INPUTS CX XX X29 N 


DATA VALID . 
READ CYCLE TIMING 2 © 


ADDRESS ADDRESS VALID 


——— іден 


E (CHIP ENABLE) - 


tenaz |-— 


xX KM AX] an 
(50590050604 DATA VALID | на 


а (РАТА ОЏТ) 


Усс SUPPLY lcc 


в (CHIP SELECT) 
(SHOWN ACTIVE LOW) 


TYPICAL CHARACTERISTICS 


« 
« E 
x It 
e E 
ACCESS TIME 
vs 
AMBIENT TEMPERATURE 


0 | ^ 
-60° -30 0° 30° 60 90% 120° 150° 


35 40 45 50 55 60 65 70 


T,—Ambient Temperature—°C Vec— Volts 


tacce—ns 


2 TTL LOADS 

б C, = 100 pF 

-60° -30° 09 30° 60° 90° 120% 150° 
TA— Ambient Temperature—°C 
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R2332A and R2332B / | | |» 32K (4K x 8) Static ROM 


PACKAGE DIMENSIONS 


24-PIN CERAMIC DIP | . . 24-РМ PLASTIC DIP 


PIN NO. 1 
IDENT. 


— 1.230 — ——— ——.| 
1.190 


| "d 
0.530 90 0 oF 0.530 — 
Е-- 0.450 —71 rà Е-- 0.450--1 


| ІБоло 
0.023 0.032 REF 0096 
0.015 
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| R2364A 


и. Products 


65 : R2364A 


вак ӘК x 8) STATIC ROM 
Rockwell i " 


. DESCRIPTION 
д, The R2364A2, R2364A25 and R2364A3 are 65,536-bit static т 2 | 
Read-Only Memories (ROMs), organized as 8,192 eight-bit bytes, | РОМЕН 
.. that offer maximum access times of 200, 250 and 300 nano- | | | DOWN 
_ seconds, respectively. These ROMs аге in industry-standard ACT/STBY 


` 24-pin, dual in-line packages, and are available in ceramic or 
- low-cost plastic. These fully-static 64K-bit ROMs are compatible - 

with all eight-bit N-channel microprocessors, including the R6500 

family of microprocessors. 


All three R2364A ROMs operate totally asynchronously, and 

. require no clock input. These devices provide tri-state output 
-buffers for memory expansion. Тһе R2364A ROMs offer TTL 

. input and output levels with a minimum noise immunity. of 0. 4 
volts. | 


The mask- -programmable chip enable input (E/E) тау be pro- 
grammed to function as a chip select without power down 
standby mode or as a chip enable with power down standby 
mode. The active level of the enable input is also programmable. 


65,536 ВИТ. 
ROM 
CELL ARRAY | 


ROW DECODER 
(1 OF 256) 
OUTPUT BUFFERS | 


| COLUMN 
eine е | DECODER 
FEATURES | | | (1 ОҒ 32) 
.e 8,192 x 8 organization ^ tam | | 
-e Access time: 200 ns, 250 ns, and 300 ns (тах.) LEE | A8 A9 A10 A11 A12 
. e Low power dissipation: 125 mW active, 37.5 mW standby | а. 
• Пгіуев мо ТТІ. loads and 100 pf . | fo R2364A Block Diagram © 


• Single +5V Ж 10% ромег зиррју 

e Totally static operation, no input clock required 
_ e Completely TTL compatible | 
E Mask-programmable chip enable 
сө.  Tri-state outputs for memory Sxpansn 


_ ORDERING INFORMATION 


К “| Рап Number: R2364/ ——_———— 
| TN — Package: 

‚С = Ceramic 
^P = Plastic 


Temperature Range: 
‚ .Noletter = 0°C to +70°С 
(E -40°С to +85°C 


©ON OM оь оюу ~ 


Power Down Standby Mode: 
|. S = Yes 
Мо letter = = Мо 


| Access Time (Max): 
мое: Submit ROM codes using te 2=200пз 
|. Rockwell ROM Code Order Form, 52 = 250 пз 
| Order. No. 2137. СИА = 300 п5 


*Mask-programmable option 


_ R2364A Pin Configuration 


` Document Мо. 29000063 _ ЕРИ - Data Sheet Order Мо. 063 
сы - жоК. zn СИТЕ, ! | — Rev. 3, March 1984 


В2364А 


`64К (8K х 8) Static ВОМ · 


ABSOLUTE MAXIMUM RATINGS" | 


Temperature Under Bias 
22 Commercial —10 to +80 
Industrial —50 to +95 


Storage Temperature E | —65 to +150 TEM 
Power Dissipation == | Е 0 


DC CHARACTERISTICS 


Voc = 5.0V + 10%, Ta = 0°C to 70°C (unless otherwise specified) 


. Input High Voltage | 
` Input Low Voltage 
“|. Input Load Current 


Output Leakage Current . 


1. Applies only to chip enable with power down standby mode. 
2. This parameter is periodically sampled and is not 100% tested. 


AC CHARACTERISTICS 


Voc = 5.0V + 10%, Ta = 0°C to 70°С (шев otherwise Дава а 


ЕРИ з 


| 
Со | cip Selston Power рте 
Съ 


. Chip Deselection to Power Down Time? 
Address Valid to Chip Enable Low | 
Chip Select Low to Output Invalid? 


Chip Select High to Output High Z = 


Notes: | 
1. Test Conditions: . 


_ "МОТЕ: Stresses above those listed fe, "Absolute Maximum 


Ratings" may cause permanent damage to the device.. This is 
a stress rating only and functional operation of. the device at 
these or any other conditions above: those indicated. in. the 
operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. | | 


_ Test Conditions | 


Усс = 5.5V, Chip Deselected, 
Vout = +0.4V to Усс 


Усс = 5.0V, chip deselected, pin 
under test at ОУ, T4 = 25°С 


f = 1 MHz 


| R2364A2 | 


Output Load: 2 TTL Loads and 100 pF; Input Transition Time: 20 ns; Timing ТИЯ Levels: (йб 1.5У, , Output: 0.8V, 2. ov. 


2. Mask-programmed for chip enable with power down standby mode. 
3. Mask-programmed for chip enable without power down standby mode. 


4. Add 20 ns for extended temperature devices (—40°C to +85°C). 


R2364A | 


. 64K (8K x 8) Static ROM _ 
TIMING DIAGRAMS | 
READ CYCLE TIMING 1 (Е HELD LOW) 


ADDRESS ОКО О УМОМ ae 
IN PUTS ХАХХКХХХХХУХХАХА ЕКА 


а (DATA OUT) 
READ CYCLE TIMING 2 
ADDRESS | ! — чы 
INPUTS X | ADDRESS VALID | 


DATA VALID 


lei EH 


E (CHIP ENABLE) 


Q (DATA OUT) ККК DATA VALID — ! 


Хес SUPPLY Кс 
CURRENT Кв 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT VS AMBIENT TEMPERATURE 


lcc—mA- 
- mA 


їсс 


0 
-60° -30° 0° 30° 60° 90° 120° 150° 


0 | 4 
3.5 4.0 45 50 55 60 65 70 
TA—Ambient Тетрегашге— с 


Vcc— Volts 
ACCESS TIME VS AMBIENT TEMPERATURE | 


Мсс = 50V | 
2 TTL LOADS 
0 C, = 100 pF 
-60° -30° 0° 30° 60° 90% 120 150° 


TA—Ambient Temperature—°C 
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R2364A pe | | 64 (8K x 8) Static ROM 


PACKAGE DIMENSIONS 


24-PIN CERAMIC DIP | 24-РІМ PLASTIC ПІР 


РІМ МО. 1 
IDENT. 


Г] LJ LJ LJ LJ 
1 1.260 | 
1.230 
0.050 


0.020 020 | 
‚160 


Ы ТТИ POTES ШЕСІ [M 


E d Fo E 0. Же REE 0.090 ау > 
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 R2364B 


Memory Products 


6 ё | ч E  R2364B 


64K (8K x 8) STATIC ROM 
Rockwell edd ИУ 


J DESCRIPTION | 
The R2364B2, R2364B25 and R2364B3 are 65,536-bit static 7 
_ Read-Only Memories (ROMS), organized as 8,192 eight-bit bytes, „а ° ГРОМЕВ СНІР G/GIN 
. that offer maximum access times of 200, 250 апа 300 nano- — | DOWN „ SELECT S1/51/N 
_ seconds, respectively. These ROMs аге іп industry-standard . |ACT/STBY| | DECODER 


28-pin, dual in-line packages, and are available in ceramic or 
low-cost plastic. These fully-static 64K-bit ROMs are compatible ` 
with all eight-bit N-channel. microprocessors, including the R6500 
family of microprocessors. 


All three R2364B ROMs operate totally asynchronously, and 
require no clock input. Three mask-programmable chip select | 
inputs allow up to eight 64K ROMs to be OR-tied without external 
decoding. These devices provide tri-state output buffers for 
memory expansion. The R2364B ROMs offer TTL input and 
output levels with a minimum noise immunity of 0.4 volts. 


65,536 BIT | 
. ROM 
| CELL ARRAY 


(1 OF 256) . 


OUTPUT BUFFERS КД 


ROW DECODER 


The mask-programmable chip enable input (E/E) may be pro- | р -l — 
grammed to function аз а chip select without power down | [COLUMN _. 
| | "E | DECODER 
standby mode or as a chip enable with power down standby · (1 OF 32) 
mode. The active level of the enable input is also programmable. | T — 


A8 A9 A10 A11 A12 


FEATURES 


• 8,192 x 8 organization ` жасаса pue 
Access time: 200 ns, 250 ns and 300 ns (max) | " .R2364B Block Diagram 

Low power dissipation: 125 mW active, 37.5 mW standby Џ DOSE LM АДА | | 

Drives two TTL loads and 100 pF. 

Single +5V + 10% power supply 

. Totally static operation, no input clock required 

Completely TTL compatible 

Three tri-state mask-programmable chip select inputs 

Mask-programmable chip enable 

Tri-state outputs for memory expansion 


мсс 

S2/S2/N* 
` $1/S1/N* 

A8 

A9 


ORDERING INFORMATION 


Part Number: В2364В___.__ E 
2727 | L_ Package: 
C = Сегатіс 
_ P = Plastic 


Фо чо льо № = 


10 


Temperature Range: 
"Мо letter = 0°С to +70°С 
= —40'C to +85°С 


„А нА oh 
on = 


Power Down Standby Mode 
S = Yes 
No letter — No 


кез 
> 


*Mask-programmable option. ` 


| | Access Time (Max): . N = No effect on ... logic, however, Ы ы other 
. Note: Submit ROM codes using 2 = 200 пѕ © | than logic levels shall not be applied. 
. Rockwell ROM Code Order | 25 = 250 п8 | | | 
Form, Order No. 2137 _ aedi R2364B Pin Configuration 
Document No. 29000D62 mE | | | Data Sheet Order №. 062 


44115 о | | Rev. 3, March 1984 


R2364B | 


64K (8K x 8) Static ROM 


ABSOLUTE MAXIMUM RATINGS* 


С зиьо ШЕКТЕН 
Сме | овы то | 
C vn | osonro 
BE | 


Parameter 


Temperature Under Bias 


Commercial —10 to +80 


"NOTE: Stresses above those listed under “Absolute Maximum _ 
Ratings" may cause permanent damage to the device: This is 
a stress rating only and functional operation: of the device at 
these or any other conditions above those-indicated in the 
operational sections of this specification is not implied. Ехро- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. ш di | | 


Vcc 
Ми 
ТА 
с 


Industrial 


Power Dissipation | 


рс CHARACTERISTICS | 
Vec = 5.0V + 10%, Ta = 0°C to 70°C (unless otherwise specified) 


T Parameter 


ШІЛ 
ЕГЕ 
ЕГЕ 
и 


Output High Voltage 


Output Low Voltage | | | 
.. Input High Voltage _ . | 
. Input Low Voltage 

Input Load Current 


Усс = 5.5V, chip deselected, б 
Nout = +0.4V to Мес 


Output Leakage Current 


Power Supply Current, Active 


Voc = 5.0V, chip deselected, pin | 
under test at ОМ, ТА = 25°С 


= 1 MHz 


Notes: 
1. Applies only to chip enable with power down standby mode. 
2. This parameter is periodically sampled and is not 100% tested. 


AC CHARACTERISTICS · | 
Усс = 5.0М = 10%, ТА = С (о 70°С (unless otherwise specified) 


Parameter | 
‚ Address Valid to Address Don't Care 
Chip Enable Low to Chip Enable High? 
Address Valid to Output Valid (tacc) (Access) 
Chip Enable Low to Output Valid (Access)? 
Address Valid to Output (юн) Invalid 
Chip Enable Low to Output (tco) Invalid 
Chip Enable High to Output High Z (top) 
Chip Selection to Power Up Time? 


Chip Deselection to Power Down Time? 
Address Valid to Chip Enable Low 
Chip Select Low to Output Valid? 
Chip Select High to Output HighZ ` 


4. Add 20 ns for extended temperature devices (-409С to +85°C). 

5. С may be delayed up to tavav - terav after the falling edge of Е 
without impact on оу. Data is available at the О outputs after а 
delay of tg су from the falling edge of G, provided that E has been 
low (V) and addresses have been valid for at least tavav - tai oy. 

6. кног and {ног are specified from С or E, whichever occurs first. 


1. Test Conditions: 
Output Load: 2 TTL Loads and 100 pF; Input Transition Time: 
20 ns; Timing Reference Levels: Input: 1.5V; Output: 0.8У, 2.0V. 
2. Mask programmed for chip enable with power down standby mode. 
3. Mask programmed for chip enable without power down standby mode. 
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 R2364B ( 


64K (8K x 8) Static ROM 
TIMING DIAGRAMS | 
| READ CYCLE TIMING 1 (E HELD LOW) 


ADDRESS ххх ш 


tavax 


ADDRESS VALID | 


HEN | | -— vex -- | | 
| Q (DATA OUT) PREVIOUS DATA VALID 59 ae _DATA VALID _ 
READ CYCLE TIMING2 — | m | uU. а. 
Е * ЕРЕШЕ — ADDRESS VALID 
| | Ен 
ЈЕ (CHIP ENABLE) | 


Q (DATA OUT) — 59050504 DATA VALID | — | њ2- ron 


VoL 


Vec SUPPLY Ко ----------- 
CURRENT св 


6/51/62 
(CHIP SELECTS) 
(SHOWN ACTIVE LOW) 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT VS 


| | m | | SUPPLY CURRENT VS 
AMBIENT TEMPERATURE TEE К SUPPLY VOLTAGE | 
| жайда фы | 
60 
50 
f 40 
: f 
9 


loc 
о 
e 


~ +125° аа | 
До) ACCESS TIME VS - К 
1 AMBIENT TEMPERATURE | | 


oL = 
-60° -30° 0° 30° 60° 90° 120° 150° 


TA—Ambient Temperature—°C _ 600 ar x | ш 


^^ Мес--Мойв 


2 TTL LOADS | 
0 CL = 100 pF | - 
-60° -30° 0° 30° 60° 90° 120% 150% 


TA—Ambient Temperature—°C 
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823648 оц ъ 64K (8K x 8) Static ROM 


PACKAGE DIMENSIONS 


28-PIN CERAMIC DIP Дао а 


РІМ МО. 1 


(1.470) 


( (140) (60) | © 
ша Ше mle (590) 


= i ri i NC а ШЕ, 


(015) 


(023) .032 REF (пој 110): 060) 


с аа | (:015) (090) Са T 


(155) (.065) 
(125). (015) 
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_ 823664 _ 


Memory Products 


222222 R23C64 
64K (8K x 8) CMOS STA 


60% 


ТІС ROM 
Rockwell ey. 


| PRELIMINARY 
DESCRIPTION : 
The Rockwell R23C64 is ап 8K x 8 (65,536 bits) CMOS static 
read-only-memory (ROM) housed in a 28-pin JEDEC standard 
(B version) package. It is fabricated in CMOS technology to 
. achieve high performance with extremely low power dissipation. 
This device is available with maximum access times of 150, 250, 
or 300 nanoseconds, optional extended temperature range, and 
packaged in ceramic or low-cost plastic. | 


2 65,536 BIT 
MEMORY 
ARRAY 


ADDRESS 
LATCHES 
ROW 
 DECODER 


The R23C64 is controlled via the chip enable (E) and the mask 
programmable chip selects. (G/G/N, S1/S1/N, S2/S2/N). The 
addresses are latched on the falling edge of E, allowing the- 
R23C64 to operate on multiplexed busses as well as non- 


multiplexed buses. The chip selects control the output buffers, ED | COLUMN DECODER 
however, these buffers do not become active until valid data is 
present from the internal data latches. This prevents spurious, SZ 
invalid outputs that increase power dissipation. When E is high, | ОРА 
"ће output buffers аге in the high impedance state and the CIRCUITRY 


address and chip select pins are ignored. E may also be held г 

low indefinitely, keeping the address latched and the output buf- ^ э. CHIP | 

fers under chip select control. | | | SELECT. 

à; | SE | БЕСОВ 

FEATURES | | | ms : 

• 8,192 x 8 organization | 

• JEDEC approved pinout 

* Extremely low power т | и 
—Active 10 mW (тах.) mE Lu R23C64 Block Diagram 
—Active (quiescent) 50 „W 
— Standby 50 „W (тах.) 


| ҮСС 
е Fast access times: 150 ns, 250 ns and 300 ns (тах.) 27 6282 
е Mask programmable chip selects M S1/ST/N' | 


Latched addresses and (optional) latched chip selects 
Drive two TTL loads and 130 pF 

Single 5V +10% power supply 

е Pin compatible with Rockwell R2364B NMOS ROMs and 
R87C64 and R2764 EPROMs 


ORDERING INFORMATION 


оо ч обо л 5» C M ~ 


Part Number: В23С64 _ —— — 
“~~ | | Temperature Range: 
No letter = 0°С to +70°С 
E = -40"С to +85°С 


Package: 
C = Ceramic 
P — Plastic 
Note: Submit ROM —— Access Time (Max): 
codes using Rockwell 15 = 150 ns 
ROM Code Order Form, | 25 = 250 ns 
Order No. 2137. | 3 = 300 ns 


*Mask-programmable option. 
N = No effect on selection logic, however, voltage greater 
than logic level shall not be applied. 


R23C64 Pin Configuration 


Document No. 29000M05 | | Data Sheet Order No. MM05 
4-15 Rev. 1, March 1984 


R23C64 | | 64K (8K x 8) CMOS Static ROM 
ABSOLUTE MAXIMUM RATINGS: 


Supply bae RE | [v | 
Input Voltage _| Ум | ' ре 
| Output Voltage .-0.3 to Усс + 0.3 Мас 
—10 to +80 


Temperature Under Bias 
—50 to +95 


Commercial 
Industrial - 
Тете —55 to +1 50 


` *МОТЕ: Stresses above those listed Udi “Absolute Maximum 
Ratings" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at 

these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Expo- 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. | 


Storage Tem perature- 


Power Dissipation 


Units " Test Conditions · 


Output High Voltage : y 


Output Low Voltage 


Vcc = 5.5V, chip deselected, 
Vour = +0.4М to Vec 


| ho : | 


Tav = 300 d Wee 


Power Supply Current, Siandby ^ 


. Input Capacitance ( (E) but E) Lu pF 
pF 


Output — 3 
Notes: 


1. Tern = 150 ns, all pins active, no loads, 1 usec cycle time (Tere, = 1 us). 
2. Teren = 300 ns, all pins active, no loads, 2 usec cycle time (Tete, = 2 us). 
3. This parameter is periodically sampled and is not 100% tested. 


Vcc = 5.0V, chip deselected, pin under 
test at OV, T4 = 25?C, f = 1 MHz 
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R23C64 5665 64K (8K х 8) CMOS Static ROM 
AC CHARACTERISTICS 
© Vee = 5.0V + 10%, Tx = 0°C to 70°C (unless otherwise specified) 

| | R23C64-15 R23C64-25 _ R23C64-3 


| 


н Chip Enable Low to Chip Enable High 15 | | 250 300 
TEHEL Chip Enable High to Chip Enable Low p 100 150 


terav 


ТАМЕ. Address Setup Time 


| Address Hold Time | 


Chip Select Valid to Output Valid ^ 


teHoz* Chip Enable High to Output High Z ` 


Notes: 


teLax С 


tevav 


? ЕНИ 

Chip Enable Low to Output Valid (Access) | | 
ШИГ 

БЕЙ 


= | ~ 
ojo 


1. Test Conditons: Output Load: 2 TTL Loads and 100 pF; Input Transition Time: 20 ns; Timing Reference Levels: Input: 1.5V; Output: 0.8У, 2.0V. 
2. Rise and Fall times stated are required for these high performance parameters only and may be relaxed to 100 ns for slower operation, 
e.g., 100 kHz operation. 


. 3. б may be delayed up to tayqv-teav after the falling edge of E without impact оп їдуоу. Data is available at the О outputs after a delay of 
{сау from the falling edge of G, provided that E has been low (Vi) and addresses have been valid for at least t4yoy-ta oy. 
4. tenoz: Жног are specified from G or E whichever occurs first. 


| TIMING DIAGRAM 
READ CYCLE TIMING 


ТАМЕ. 


| ООООО | ] e 7 v, XX Ow 797797 "V ААА АТА" ф УХУ / OX 
ADDRESSES S RAD DRESSES C АУ YN УУУУ ОА 


G [81 [S2 VAT % "ҮСОССТ Tava? | f Ф т. йз + ак = ди + а даља о ње њен ли ах о а о да ла + 
CHIP SELECTS ХУ КАК 


Oa Fa Та Та ТА Val а Та Va Fa Va VA ТО ТА ТА TAVA ТА ТА ТА ТА ТА ТА ТАТА 


а (DATA OUT) 
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R23C64 . ка | 64K (8К x 8) CMOS Static НОМ 


PACKAGE DIMENSIONS 


28-PIN CERAMIC DIP 2E TINCPCASTIS IE 


PIN NO. 1 


(1.470) 470) 


е (1.440) mE 
гитти РИ 
Pin 


(015) ^ 


ет i (023) 032 REF (110) (|50) (060) 
(065) (:015) (090) Га) (.020) 


Е. ДИ ІШ ШЕ” ва 


(155) (65) 
(125) (015) 
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 R23128 


Memory Products | 


| R23128 
128K (16K x 8) STATIC ROM 


2% 


Rockwell 


DESCRIPTION G/G/N 


The R23128-25 and R23128-3 are 131,072-bit static Read-Only ST/S1/N: 
Memories (ROMs), organized as 16,384 eight-bit bytes, that E 
offer maximum access times of 250 and 300 nanoseconds, | I 
respectively. These ROMs are іп industry-standard 28-pin, dual POWER Ко 
in-line packages, and are available in ceramic or low-cost plastic. E Purse 
These fully-static 128K-bit ROMs are compatible with all N- 

channel microprocessors. | | 


Тһе R23128 ROMs operate totally asynchronously, and require 
no clock input. Three mask-programmable chip select inputs 
allow up to eight 128K ROMs to be OR-tied without external 
decoding. These devices provide tri-state output buffers for 
memory expansion. The R23128 ROMs offer TTL input and 
output levels with a minimum noise immunity of 0.4 volts. 


131,072 BIT 
ROM 
CELL ARRAY 


The chip enable input (E) functions as a chip enable with power 
down standby mode. When this line is high the chip is disabled 
and enters a low power standby state. 


ROW DECODER 
(1 OF 512) 
OUTPUT BUFFERS 


FEATURES | | 


e 16,384 x 8 organization bytes COLUMN 
e Access time: 250 ns and 300 ns (max.) DECODER 


e Low typical power dissipation is 100 mW active, 20 mW (1 OF 32) 
standby 


Drives two TTL loads and 100 pF A9 A10 A11 A12 A13 
Single +5V + 1096 power supply 

Totally static operation, no input clock required 
Completely TTL compatible 

Three mask-programmable chip select inputs 
Tri-state outputs for memory expansion 


R23128 Block Diagram 


vec 
S1/S1/N* 
A13 


ORDERING INFORMATION 
Part Number: R23128 —— 


оошмо (л AUN = 


| Package: 
C = Ceramic 
P = Plastic 


Temperature Range: 


No letter = 0°С to +70°С 
Е = —40°С to +85°С 


Note: Submit ROM 
codes using Rockwell Access Time (Max): 
ROM Code Order Form, 25 = 250 ns 
Order No. 2137 — 300 ns 


*Mask-programmable option. | 
М = no effect on selection/enable logic, however, voltage 
greater than logic levels shall not be applied. 


R23128 Pin Configuration 


Document No. 29000M03 Data Sheet Order No. ММОЗ 
4-19 Rev. 2, March 1984 


82312 | 128K (16K x 8) Static ROM 


ABSOLUTE MAXIMUM RATINGS" 


*NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods 


Temperature under Bias | may affect device reliability. 
Commercial —10 to +80 


Industrial —50 to +95 


DC CHARACTERISTICS 
Voc = 5.0V + 10%, ТА = 0°С to 70°С (unless otherwise specified) 


Output LOW Voltage ` 
Input HIGH Voltage 


Output Leakage Current Vcc = 5.5V, chip deselected 
| i Vout = +0.4V to Усс 


Power Supply Current, Active 


Input Capacitance’ Vcc = 5.0V, chip deselected, pin 
under test at OV, Ta = 25°С 


i 1 
Output Capacitance f = 1 MHz 


1. This parameter is periodically sampled and is not 100% tested. 


AC CHARACTERISTICS 
Vec = 5.0V = 10%, T4 = 0°C to 70°C (unless otherwise specified) 


R23128-25 R23128-3 


_ Max | | Мах | 
ges Address Valid to Output Valid (taco) (Access) | | 250 |] Зоо 
— s е 


23 
о 


Соу Chip Select Low to Output Valid 
tenaz Chip Select High to Output High Z 10 70? 10 70? 


ns 

Notes: | = _ 

1. Test Conditions: 3. С may be delayed up to tayqy-ta oy after the falling edge of Е 
Output load: 2 TTL loads and 100 pF without impact оп {дусу. Data is available at the О outputs after a 
Input transition time: 20 ns delay of ta, оу from the falling edge of а, provided that E has been 
Timing reference levels: Input: 1.5V; Output: 0.8V, 2.0V | low (Ук) and addresses have been valid for at least tavav-terav- 


2. Add 20 ns for extended temperature devices (— 40°С to +85°C). 4. teroz and tgugz are specified from G or E, whichever occurs first. 
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| : R231 28 - 


128K (16K x 8) Static НОМ 
| TIMING DIAGRAMS | 


| | _ ADDRESS 
READ CYCLE PRESE 
TIMING 1 | 


(E HELD LOW) 


са (РАТА OUT) PREVIOUS DATA VALID ХО 


9022.00.00) 


| 222222 DATA VALID 


ADDRESS KH 
“INPUTS Қ | 


ко 


“ADDRESS VALID: ^ 


I 
ГЕ (CHIP ENABLE) 
READ CYCLE | 


ТІМІМС 2 


а (DATA OUT) 


оет о о е еф 


а & e « o à s à A a а 


Усс SUPPLY cc 


CURRENT lss J 


| | | tarav | 
G/S1 CHIP SELECTS | 
(SHOWN АСТМЕ LOW) | - 


(АСТМЕ) — 


[сс—таА 


Кс--тА. | 


· ~60° -30 0° 30° 60%. 90° 120 150° · 


ACCESS TIME. VS AMBIENT TEMPERATURE 
Гата | 700 i | 
TA—Ambient Temperature—°C | 


0 55 60 65 70 © 


v Vcc— Volts | 


tacc—ns 


‚ -Мсс = 50V - E: 
2 TTL LOADS | 
CL-100pF | = 
90* 120" 150% | 
Ta—Ambient Temperature—°C 


22 
-60° -30° 0° 


30° 60° 


24-21 


R23128 2 КЕ | 128K (16K x 8) Static ROM 


PACKAGE DIMENSIONS | 


С 28-РІМ CERAMIC DIP | ЕВРО НЕ 9 


' (160) 


ЗЕБИ 7 (140) (610) 
(590) 


(1.470). 
(1.440) 


| (045) | : (.600) 
(085) -|-- (023) 032 REF (110) _ (150) (060) 
(065) (015). ' (090) (125) (020) 


(155) (.065) 
(125) (015) 
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ети n | R27C64P- 


2% РЕТ 


ы ке ҒЫ _ Memory Products 


Е а 


Rockwell 64K 353 х 8) СМО5 ОМЕ-ТІМЕ PROM | 


Му PRELIMINARY : | 
| FEATURES E ts DESCRIPTION i | и: № 
E^ 8, 192 x 8 organization | The Rockwell R27C64P i is ап 8K x 8 (65,536 bits) one-time pro- 
e JEDEC approved pin-out | grammable read-only-memory (PROM). It is manufactured using _ 
law Power. | d d CMOS technology for low power dissipation in both active and 


standby operating modes. Access times óf 250 ns and 350: ns 


—Active 80 mW (max.) is performance. compatible vm most it one. 16-bit ~ 


—Standby 525 „W (тах.) | | microprocessors. 
• Access times: 250 ns and 350 ns (max.) | | Ж | 
e Single 5V power supply | | Initially, all bits are in the “1”. state. аш is ‘programmed by 
• Static operation, no clocks required. | | . applying 21V to Vpp а TTL low to E, and a 50 ms low pulse. 


One-time programmable 

e TTL compatible inputs and tri-state outputs during both read | | 
and program mode "The В27С64Р | is ideal for low-cost permanent, memory y верне. 
Pin compatible with INTEL 2764A EPROM, Rockwell -tions (program and/or data) in production runs requiring fast pro- 
R87C64 EPROM and R23C64 апа R2364B ROMs. — gramming turn-around either at. the factory, distributor/dealer ог. 
rs ЗАК За 4 | | uon usen s facility. — | КЕСІК МЖК 


on P while the. desired data is stable on 696067 lines and 
the address 5 5 stable оп А0-А12 lines. | 


| ORDERING INFORMATION | 
: | Part Number: RZTCSAP - _ 
As Access. Time: де | 


25 = 250 пз _ 
2235 = 360 ns. | 


оо-аооьом- 


ROW ______~ | MEMORY 
DECODERS | .. ARRAY 


wh mh 
= © 


-. = = 
AUN 


E COLUMN COLUMN 
АО-А4 E DECODERS. GATING 


05 WO. ca i | ADUBESSES UI 
BUFFERS |. x _ CHIP ENABLE | | 
- ше OUTPUT ENABLE |) 
|... DATAINPUT/OUTPUT . 

LEO Td = PROGRAM ENABLE | 


R27C64P Block Diagram Я bz M 22 R27C64P Pin Names 


Document No. 29000M18 D" p = MM Data Sheet Order No. Мите d 
| | | : | March 1984 Us 
403 > 


_ | Programming - 5 


"570355 | Veo Supply Voltage | БМ +5% 5V #596 


Па Voc = 5:07 + 5%, ТА =. 0°C to 70°С (unless otherwise зрестед) 


ротор ________ ___бАК (8K x 8) CMOS ОТР PROM 
^ ABSOLUTE MAXIMUM RATINGS* mM | ee 


| Unit | *NOTE: Stresses above those listed under ABSOLUTE МАХ- 
| мас. IMUM RATINGS тау cause permanent damage to the device. 
This is a stress rating only and functional operation of.the device 
үч at these or any other conditions above those indicated т the 


.. Parameter 


| Supply Voltage | -03t0 «70. _ 
‚| Input Voltage: QUERER Um | | 


All, except Vpp during operational sections of this specification is not implied. Exposure. - 


to absolute maximum rating conditions for extended periods may 
„7 affect device reliability. pas ce IP 


— 0.3 to Усс +0.3 
| Vpp during Programming“ | -0.310 4220 = 


Output Voltage | — 0.3 to Усс +0.3 КТ 
Temperature under Bias iU EE -10to +80 
pe 


—40 10125. 
W 


о 


Storage Temperature ^ - 
Power Dissipation @ 25°С ` 


_ OPERATING CONDITIONS | 


D Parameter +. Program Mode | 


>" Vpp Supply Voltage ^ |: . 21V %0.5У 


0 70°С © 


“Temperature Range | 01070: 


DC OPERATING CHARACTERISTICS DURING READ 


Test Conditions | 


| юн = -400 дА. 


i * TU 


| Мон | Output High Voltage - 
Input Нюй Voltage 

С > 

Со. 


ЕЗ р . EU О ES 0 


іссі Vcc Standby Current НЕЕ 


ИТШ Input Leakage Current 
НЕ Output Leakage Current 
ub а Input Capacitance? 


Notes: | | 
1. Applies only to chip enable with power down standby mode. 
2. This parameter is periodically sampled and is not 10096 tested. 


Усс. = 5.0V, chip deselected, 
at OV, ТА = 25°С 
f=1MHz ` 


ри ипдег 1е51 


Ошрш Capacitance? 


DC OPERATING CHARACTERISTICS DURING PROGRAMMING 
Мос = 5.0М £596, T, = 20°C to 30°С, Ур = 21.0V +0.5\ P rif 


[Symbor [атте — 
Du 


| Voc Active Current 


4-24 | 


о EE TR L6 ‘Memory Products 


R27C64P - 


Rockwell 64K к ак. x 8) CMOS ONE-TIME PROM | 


Ке PRELIMINARY ИЮ e 
FEATURES | С АЕ А ИЕ | E DESCRIPTION | ша ; | | 
• 8, 192 x 8 organization px | The Rockwell R27C64P is an 8K > x 8 (65, 536 bits) one- ime e prò- | 
е ЈЕРЕС approved pin-out 22 grammable read-only-memory (PROM). itis manufactured using -> 
е Low Power _ | BE | _ CMOS technology for low power dissipation in. both active and | 


- standby operating modes. 'Access times óf 250 ns and 350 ‘ns 


—Active 80 mW (max) is performance compatible with most. 8- bit. and 16-bit 2 


—Standby 525 „W (тах. ) 


microprocessors. 

• Access times: 250 ns and 350 ns (тах). | | ое Tivi 
е Single 5V power supply _ Initially, all bits are in the “1” state. Data is programmed by 
e Static operation, no clocks required | applying 21V to Мрр a TTL low to E, and а 50 ms low pulse 
е One-time programmable 


оп P while the desired data is stable on 040-007 lines and 


| the address is stable on AUI lines. 
• TTL compatible inputs and tri-state outputs during both read | 


and iini дері, mode | Thé R27C64P i is ideal for low-cost permanent memory y applica: 


* Pin compatible with INTEL 2764A EPROM, Rockwell - 2222 tions (program and/or data) in production runs requiring fast pro- 
| d са and R23C64 and R2364B ROMs. . |. gramming turn-around either at the factory, distributor/dealer ог. 


user's facility. — ^ — e 


Ds ORDERING INFORMATION. 
| Part Number: R27C84P _ шш 
| T Access Time: d 


25 = 25078 — 
35 = 350 ns | 


о о о от ON = 


| row [A] Memory | 
DECODERS | . ARRAY 


„=h | 


a о № 


COLUMN. КА COLUMN [| 
DECODERS | — _ GATING 


E сш | 


CONTROL: > пос" Ж L 
LOGIC > BUFFERS | | ; CHIP I ENABLE : — 
Е MUN ‘OUTPUT ENABLE | 
o S Ul | 700 . DATA INPUT/OUTPUT 
___рас-р27 | Е ud T PROGRAM | ENABLE 
R27CS4P Block к Diagram о ANLE | R27C64P Pin Names | 
Document No. 29000M18 | № 1 Hh з b Data Sheet Order No. 'MM18 


March 1984 E 


"2*3 | Мос Supply Voltage | бу +5% 5V +5% — 


R27C64P Р 7 64K (8K x 8) CMOS OTP PROM 
ABSOLUTE MAXIMUM RATINGS* ЕЕ P 


7772 Parameter p Гвутво | ^ Value [Unit | _ tNOTE: Stresses above those listed under ABSOLUTÉ MAX- 


| Supply Voltage - а 
| при! Мойаде: ^ «7^ 
| All, except Vpp during жн | 
, Programming | -0.3 to Мос +0.3 
|. Vpp during Programming |. | 70.3 to «220 


_ | Output Voltage 0 0 -0.3 to Мос +0.3 | Уде | 
Temperature under Bias ч – 10 to +80 | 


Tste 


| ~0.3 to 47.0. 


to absolute maximum rating conditions for extended periods may 
.. affect device reliability. MEME MS ME NH 


-40 10.125 


ЕДА eA 
"OPERATING CONDITIONS _ 


Storage Temperatu re 
Power. Dissipation. @ 25°C ` 


Program Mode .- 


77 Урь Supply Voltage ~ | = 
— | .'0to70*C 


Оло 70°C ^. 


` Temperature Range 


. DC OPERATING CHARACTERISTICS DURING READ 
С Мос == 5.0V %5%; ТА = 0°C to 70°С (unless otherwise specified) | 


_ Рагатетег Test Conditions 


мо. Input.Low Voltage 


| Ма. s Output Low Voltage > 
Мес Standby Current 


К Vou. 
_ VoL 
_Input High Voltage 
Уһ 
«0 MN 
| 
о 


ШЕЕ Input Leakage: Current | pA | = ОМ їо Мос = 
| ЕКІ Output Leakage Current ША | Мот = OV to Усс 


| dee | Vcc Active Current 
‚ Input Capacitance? Мес = 5.0V, chip deselected, pin under test Е 


| .eakage: ES 

C Cap: 

с 3 - at OV, ТА = 25°С 
= 1 MHz у 


Output Capacitance? 


Notes: | жағ | 
1. Applies only to chip enable with power down standby mode. | 
2. This parameter is periodically sampled and 15 пої 100% tested. 


DC OPERATING CHARACTERISTICS DURING PROGRAMMING 


Vin 
Vit | 


| 


R27C64P о | 64К (8К х 8) СМО5 ОТР РНОМ 


AC CHARACTERISTICS DURING READ 
| Vcc = 5.0\ + 5%, Ta = ФС to 70°C (unless otherwise specified) 


| 5 | R27C64P-25 | R27C64P -35 2» zh. T 
EM И 2 Рағгатеіег à Tes Conditions | 


| Notes: 
1. G may be delayed up to Цусу- Кроу after the falling edge of E without impact on {дусу. Data is available at the DQ outputs after а delay 
of ta, oy from the falling edge of С, provided that E has been low (Му) and addresses have been valid for at least tavov-taLav- 
2. tonoz and (Ено; are specified Кот G or E, whichever occurs first. 
3. Test Conditions: 
Output Load: 1 TTL gate and C, = 100 pF 
Input Rise and Fall Times: «20 ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Level: Inputs 1V and 2V 
Outputs 0.8V and 2V 


тј ull ol 
2 _ 
»- 
Ru 


Ш 
И 
о < 
И 
= 
г- 


el 
= 


READ TIMING DIAGRAM 


| ADDRESSES AUD 
С (OUTPUT ENABLE) | 


“м RR B 


tavav .  taxox 


PAL. 
т" Но 
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R27C64P . 64K (8K x 8) CMOS OTP PROM 


AC CHARACTERISTICS DURING PROGRAM 
Voc = 5.0V + 5%, Ta = 20°C to 30°C (unless otherwise specified) 


Symbol | Parameter 


Data set-up time 


E set-up time 


Address hold time 
Output enable to data valid 
Output disable to output high impedance 


Notes: | | 
Test Conditions: 
Output Load: 1 TTL gate and C, = 100 pF 
Input Rise and Fall Times: «20 ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Level: Inputs 1V and 2V 
| Outputs 0.8У and 2V 


PROGRAM TIMING DIAGRAM 


PROGRAM 
PROGRAM VERIFY 


ADDRESSES 


OUTPUT 4 INPUT 


у 


E (CHIP ENABLE) 


Бірі 


P (PROGRAM ENABLE) 


G (OUTPUT ENABLE) 
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R27C64P | 


64К (8К х 8) СМО$ ОТР РВОМ 


OPERATING MODES 


The Rockwell R27C64P has five modes of operation (see 
table 1). 


Read Mode 


The read mode is governed by two control pins, E and G. In order 
to obtain data at the outputs, both E and G must be Уң. E is 
the power control and should be used for device selection. G 
is the output control and should be used to gate data to the out- 
put pins. Valid data will appear on the output pins after Тдусу, 
Terav ОГ Тогоу times, depending on which is limiting. 


Standby Mode | | 
The standby mode of the R27C64P reduces power dissipation. 
The R27C64P is placed in the standby mode by making 


Е = Мин. This is independent of G and automatically puts the 
outputs in their high impedance (High-Z) state. | 


Table 1. 


Program Mode | 


The R27C64P is in the program mode when Мрр is at 21V with 
E input at Vi. The data to be programmed is applied to the data 
output pins. When the address controls and data are stable, a 
50 msec program pulse is applied to the P input. 


Program Verify Mode . 


A program verify should be performed on the programmed bits 
to determine that they were correctly programmed. The verify 
may be performed with Vpp at 21V. Data should be verified to 
taLov after the falling edge of С. 


Program Inhibit Mode 


The program inhibit mode allows programming several R27C64P 
ЕРАОМ$ simultaneously with different data for each by using 


-E to control which devices respond to the program pulse on P. 


Mode Selection 


090-007 
(11-13, 15-19) 


Note: Мо Effect = No effect on selection/enable logic, however, no voltage other than logic levels shall be applied. 


R27C64P о | 64K (8K x 8) CMOS ОТР PROM 


_ PACKAGE DIMENSIONS 


MILLIMETERS 


28-РІМ CERDIP 


[ 8 | | 194 | 
с | з [элэ | 
Го | ом [| os] | 
Fe [зз [p 2 | 
e | asec [олово 
оа ов 
Lx 3pm 
[X em [пм ] 
Гм | 352 | в | 
NOM Бас ак 


NOTE: EITHER ROUND OR SQUARE UV WINDOW. 
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R87C32 


Memory Products | 


0% Е _ — RB7C32. 


Rockwell |. 32K (4K x « 8) CMOS UV EPROM — 


PRE LIMINARY SES 
FEATURES | "DESCRIPTION 
• 4096 x 8 organization | “Тһе Rockwell R87C32 is a 4K x 8 (32, 768 bits) рамата (ОМ) 
е ЈЕРЕС approved pin-out . light erasable programmable read-only-memory (EPROM). It is 


manufactured using CMOS technology for low power dissipa- 


кон ОЕ tion т both active and standby operating modes. Single 5V 


_ —Active: 132 mW (тах.) | | | operation allows simple circuit design i in runtime environments. 
—Standby: 525 „W (тах.) 

• Access times: 350 ns, 450 ns and 550 ns (max.) | Initially, all bits are in the “1” state. Programming is performed 

• Single 5V power supply _ byapplying 21V to G/Vpp and a 50 ms low level pulse to E while 


_ the desired data is stable on DQO-DQ7 lines and the address 
is stable on AO-A11 lines. All bits may be erased to the “1” state 
by exposure to. a UV light source through the transparent win- 

дом: оп ће top of the device package. 


Static operation, no clocks required 
Inputs and tri-state outputs TTL compatible during both read 
and program mode 7 
Ріп compatible with INTEL 2732A EPROM and Rockwell | | 
_ R2332B НОМ. T | | The R87C32 EPROM i: is ideal for system development or- low 
gon Е volume production applications requiring non-volatile memory 
in either multiple chip or single chip microcomputers with | 


‚ ORDERING INFORMATION | | Ар _ extended bus configurations. The low power requirements 
ce == | s = | У especially support applications using the Н65С00 CMOS 
. Part Number: 887032 _ — - | | Microcomputer device family. | 


L— р Тіте: 


ROW MEMORY 
DECODERS ARRAY 


COLUMN | "COLUMN 
AUS p? DECODERS GATING 


_ R87C32 Pin Configuration 


CONTROL oe а ——— 
LOGIC LEPRE TSE : ! 
_ | бур | OUTPUT ENABLE/PROGRAM 
R87C32 Block Diagram | ak 2004 С. R87C32 Pin Names 
Document No. 29000М04 ЗЕ ща гама м. | Data Sheet Order No. MMO04 


eo Rev. 3, March 1984 
28 маи 


R87C32 _ EMEN |.  — 32K (4K x 8) CMOS UV EPROM 


ABSOLUTE MAXIMUM RATINGS* 


[Parameter [вить мш ___ 
Supply Voltage -0310 «70 ' | 


*NOTE: Stresses above those listed under ABSOLUTE MAX- 
IMUM RATINGS may cause permanent damage to the device. 
. This is a stress rating only and functional operation of the device 
_ at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may 
affect device reliability. = 


Input Voltage T 2%: 
All, except Vpp during 
Programming 

Vpp during Programming 


-0.3 to Мос +0.3 
-0.3 to +22.0 


Voc Active Current 
TTL Level Address Inputs 


Vin = Мін Or Му 
Frequency = 1 MHz, /О 


CMOS Level Address Inputs Vin = GND or Усс 


Frequency = 1 MHz, I/O 


Усс Standby Current 
TTL Level Chip Enable 


CMOS Level Chip Enable .- 


Vpp Supply Current | 


BEEN Input Leakage Current 
| о | Output Leakage Current 3 


Input Сарасйапсе! 


Output Capacitance’ | B ПИ 
_ Notes: у 


1. This parameter is periodically sampled and is not 100% tested. 


= 5.0V, chip deselected, pin under test 
‚ ТА = 25°С di 
MHz 


DC OPERATING CHARACTERISTICS DURING PROGRAM | 
Voc = 5.0V +5%, ТА = —20°C to 30°C, Мрр = 21.0\ +0.5V | 


р. · Test Conditions 
loc 


Vpp Active Current 
Input Leakage Current 


БЕ 
ЕК 


Re7c32 22 _ Зак (4K x 8) CMOS UV EPROM 


AC CHARACT ERISTICS DURING READ | 
Усс = 5.0V +5%, Т, = 0°C to 70°C (unless otherwise specified) 253 


1. Test Conditions | 
_ Output Load: 1 TTL gate and С, = 100 pF 
Input Rise and Fall Times: x20 ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Level: Inputs 1V and: 2V 
Outputs 0.8V and 2V | 
2. @ тау Бе delayed up to tavav - tarav after the falling edge of E without impact on ідуоу. Data is available at the DQ outputs after 
a delay of tai оу from the falling edge of G, provided that E has been low (Vi) and addresses have been valid for at least  tavay — tau av: 
3. існох, Ено; are specified from G or E, whichever occurs first. | 


READ TIMING DIAGRAM 


| | ADDRESSES | | 


Е (СНІР ENABLE) | 


G (OUTPUT ENABLE) 


‚_ tenaz 
EIS 7 taraz | k | | 
tet x VALID OUTPUT n HIGH 7. 


Макау 


tavav 


Y 
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887632 о ЕЕ 32K (4К x 8) CMOS UV EPROM 


AC CHARACTERISTICS DURING PROGRAM 
Voc = 5.0V + 5%, Ta = 20°C to 30°C (unless otherwise specified) 


Symbol | » Parameter | TE Min. — Typ. Мах. | Units 


= 
Ф 


o [^] Ф |. 


С Address set-up time 
G set-up time MER EX 

_ Data set-up time EID ONCE 

* Address hold time UNT ONE 


G hold time 
Data hold time | 


| Output disable to output Hi-Z delay a ge 


‚. tAVEL 


= 
Ф 


| . Кане. 


= 
o 


tovet 


ЇЕНАХ 


о 


tEHGL 


ТЕНОХ 


ЇЕ оу Data valid from E 


{ЕСЕН Е pulse width during programming 


(РА G pulse rise time during programming 


ісіні. Vpp recovery time 


№ 
= 
o 


Notes: 
Test Conditions: , . ^ © |... 
Output Load: 1 TTL gate and С, = 100 pF 
Input Rise and Fall Times: x20 ns ` 
Input Pulse Levels: 0.45V to 2.4V | | 
Timing Measurement Reference Level: Inputs 1V and 2V 
| Ё Outputs 0.8V апа 2V · 


PROGRAM TIMING DIAGRAM 


PROGRAM 
PROGRAM VERIFY | 


ADDRESSES | = 


200-097 
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 R87C32 СС ЕСС 32K (ак x 8) СМОЅ UV EPROM 


OPERATING MODES S y PROGRAM MODE 


_ Тһе Rockwell R87C32 has five modes of operation (see table 1) | The R87C32 is in the program mode when G/Vpp is at 21V. The 
and is pin compatible with Intel's 2732A. data to be programmed is applied to the data output pins. When 
the address controls and data are stable, a 50 msec program 
READ MODE | pulse is applied to the E input. 
-The read mode is governed by two control pins, E and б. In order | | 
-to obtain data а the outputs, both Е апа G must be Vi. E is PROGRAM VERIFY MODE 


. the power control and should be used for device selection. G is 
the output control and should be used to gate data to the out- 
put pins. Valid data will appear on the output pins after TavQv: 
Terav or Telov times, depending on which is limiting. | 


А program verify should be performed on the programmed bits 

to determine that they were correctly programmed. The verify 

may be performed with G/Vpp and E at Уц. Data should be 
. verified to tg, су after the falling edge of Е. 


.— STANDBY MODE т ПРИ 
The standby mode of the R87C32 reduces power dissipation. PROGRAM INHIBIT MODE 
The R87C32 is placed in the standby mode by making Е = Vin. . The program inhibit mode allows programming several R87C32 
This is independent of G and automatically puts the outputs in EPROMs simultaneously with different data for each by using. 
their high impedance (High-Z) state. E to control which devices respond to the program pulse on E. 


Table 1. Mode Selection 


 G/Vpp Мес 090-007 
| (20) (24) (9-11, 13-17) 
Моде | 


Note: Мо Енес! = No effect on selection/enable logic, however, no voltage other than logic levels shall be applied. 


ERASURE PROCEDURE Е The integrated dose for erasure should be a minimum of 
‘Initially, and after each erasure by ultraviolet light, all bits ofthe 19 W-Sec/cm. The erasure time with this dosage is 20 minutes 
R87C32 are in the “1” state. In Program Mode, “0"5 are selec- using an ultraviolet lamp with a 12000 uW/cm? power rating. 


. tively programmed into the desired bit locations. The only way 


IF LE £64?! = | .. . Caution 
to change а "0" to a 717 is by ultra-violet light erasure. 


The erasure begins to occur when exposed to light with 


The recommended erasure procedure for the R87C32 is wavelengths shorter than approximately 4000 Angstroms. 
exposure to ultra-voilet light wqhich has a wavelength of © Sunlight and certain types of fluorescent lamps have 


2537 Angstroms. | | wavelengths іп the 3000-4000 Angstroms range. 
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R87C32 . 32K (4К x 8) CMOS UV EPROM 


PACKAGE DIMENSIONS - 


24-PIN CERDIP | 


0.520 = 0.010 
(13.21 = 0. 25) 


0.155 = 0.010 0.610 + 0,01 


1.250 = 0.020 
(3.94 + 0.25) (15.49 = 0.25) 


(31.75 = 0.64) 


0.010 = 0.002 
(0.25 = 0.05) 


| 0.125 MIN. 
0.04 = 0.02. 0.100 = 0.010 . 0.018 x г b (3.17) 0.660 + 0.025 
(1.01 + 0.50) (2.54 + 0.25) (0.45 + 0.05) (16.76 + 0.64) 


0.055 = 0.005 
(1.39 + 0.13) 


DIMENSIONS IN INCHES АМО (MILLIMETERS) 
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R87C64 


Memory Products 


g % | R87C64 


64K (8K x 8) CMOS UV EPROM 
Rockwell (8K x 8) 


PRELIMINARY 
FEATURES DESCRIPTION 
• 8,192 x 8 organization The Rockwell R87C64 is an 8K x 8 (65,536 bits) ultraviolet (UV) 


light erasable programmable read-only-memory (EPROM). It is 


* JEDEC approved pin-out manufactured using CMOS technology for low power dissipa- 


• Low Power tion in both active and standby operating modes. 
—Active 80 mW (max.) Initially, and also after erasure, all bits are in the “1” state. Data 
—Standby 525 „W (тах.) is programmed by applying 21V to Vpp a TTL low to E, anda 
| 50 ms low pulse оп P while the desired data is stable оп 
* Access times: 250 ns and 350 ns (max.) 000-007 lines and the address is stable on А0-А12 lines. АП 


bits may be erased to the “1” state by exposure to a UV light 
source through the transparent window on the top of the device 


Single 5V power supply 


e Static operation, no clocks required package. Е 
е TTL compatible inputs and tri-state outputs during both read The R87C64 EPROM is ideal for system development or produc- 
and program mode tion applications requiring non-volatile memory in either multiple 
| chip or single chip microcomputers with extended bus configura- 
• Pin compatible with INTEL 2764А EPROM and Rockwell tions. The low power requirements especially support applica- 


R23C64 and R2364B ROMs. | tions using the В65С00 CMOS Microcomputer device family. 
ORDERING INFORMATION 


Part Number: R87C64 _ _ 
ed 


= Access Time: 
25 = 250 ns 
35 = 350 ns 


«v о ч Ф 0 ь шом = 


МЕМОВҮ 
DECODERS |. ARRAY 


COLUMN COLUMN | ! | 
Қалындық SS R87C64 Pin Configuration 


Е [| смеем  — 
= | оли — 


CONTROL [ № Ще 
LOGIC Г `` м] BUFFERS 


R87C64 Block Diagram R87C64 Pin Names 
Document No. 29000M09 Data Sheet Order No. ММ09 
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R87C64 m 64K (8K x 8) CMOS UV EPROM 


ABSOLUTE MAXIMUM RATINGS* 


буть | Value [Unt 
бирріу. Voltage | Мос: | -0.8 to +7.0 


Усс 
Input Voltage Ум 
-0.3 10 Vcc + 0.3 
ТА 


* МОТЕ: Stresses above those listed.under ABSOLUTE МАХ- 
IMUM RATINGS may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may 
affect device reliability. 


All, except Vpp during 

Programming - 

Vpp during Programming -0.3 to +22.0 | 
Output Voltage —0.3 to Усс +0.3 | Мас 
Temperature under Bias И – 1010 +80 . 96 
Storage Temperature | – 40 to 125 


OPERATING CONDITIONS . 


| 


DC OPERATING CHARACTERISTICS DURING READ 
Voc = 5.0V £596, Ta = 0°C to 70°C (unless otherwise specified) 


| Symbol | Parameter | ks Test Conditions 
| Vo, | Output Low Voltage | 


вее | Vec Standy Curen 


Input Low Voltage 
(СЕЗІН Output Leakage Current 


Input High Voltage 


Input, Capacitance? Мес = 5.0V, chip deselected, pin under test 
Output Capacitance? at ON A= 20 | 
Notes: | | 


1. Applies only to chip enable with power down standby mode. 
2. This parameter is periodically sampled and is not 100% tested. 


DC OPERATING CHARACTERISTICS DURING PROGRAMMING 
Мес = 5.0V £596, Т, = 20°С to 30°C, Мрр = 21.0V &0.5V = 


Уін 
Гы авон БЕН 
с ЯМИ 
Dr heus] 
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R87C64 ae | 64K (8K x 8) CMOS UV EPROM 


AC CHARACTERISTICS DURING READ 
Voc = 5.0V + 5%, T4 = 0°C to 70°С (unless otherwise specified) 


| | = Е  R87C64-25 R87C64-35 
| Parameter | Typ. 


о 
ЕСТЕН ЕСТІСІ" ТІСТІ! | 
ШЕ 
и 
NEN 


со 
о 
о 
о) 
|| 


< 
о 


Test Conditions» | 


|| m 
| 
«jo 
горі 
= 
г 


10 


< 
= 


гај ті 
прн 


Output Enable to High Impedance | 
Address to Output Hold 
Chip Enable to High Impedance | 


Notes: | 
1. G may be delayed up to tavav-tauov after the falling edge of Е without impact on ідуоу. Data is available at the DQ outputs after a delay 
of tai oy from the falling edge of С, provided that E has been low (ү) and addresses have been valid for at least tayovy-tai ovy. 

2. {сно апа (Ено; are specified from G or E, whichever occurs first. 
3. Test Conditions: 

Output Load: 1 TTL gate and C, = 100 pF 

Input Rise and Fall Times: 20 ns 

Input Pulse Levels: 0.45V to 2.4V 

Timing Measurement Reference Level: Inputs 1V and 2V 
Outputs 0.8V and 2V 


m| 
| 
6| < 
EE a 
< 
r- 


= 
ы 
о ај 
ЖЕЖ 
ИИ 
Е 


с» 
| 
< 

= 


ШЕ 
ЕСЕ 
=" 
= 
ЕЕ 
> | 


$ — 
о 
e 


READ TIMING DIAGRAM 


ADDRESSES ADDRESSES 


E (CHIP ENABLE) 


G (OUTPUT ENABLE) 


teHaz 
teHaz 


conn ее 6 n | S 


tavav taxox 
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R87C64  . Ж |... 64K (8K x 8) CMOS UV EPROM 


AC CHARACTERISTICS DURING PROGRAM 
Усс = 5.0У + 5%, ТА = 209С to 30°С a otherwise specified) . 


Address set-up time 
{torr |G set-up time | 
Data set-up time 
to Mpp set-up time - 
те . Data hold time 


Notes: 
Test Conditions: 
Output Load: 1 TTL gate and С, = 100 pF 
Input Rise and Fall Times: x20 ns . 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Level: Inputs 1V and 2V 
Outputs 0.8V and 2V > 


PROGRAM TIMING DIAGRAM 


PROGRAM _ 
VERIFY 


` ADDRESSES 


DATA) | VALID PE "VALID 


PROGRAM - -- 


Усс 


Е (СНІР ЕМАВЕЕ) 


teLPL 


P (PROGRAM ENABLE) 


G (OUTPUT ENABLE) 
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_ R87C64 | 


64K (8K x 8) СМО5 UV EPROM 


OPERATING MODES 
. The Rockwell R87C64 has five modes of operation (see table 1). 


Read Mode. 5 | 


The read mode із governed by two control pins, E and С. In order 
to obtain data at the outputs, both E and а must be Му. Е is 
the power control and should be used for device selection. G 
is the output control and should be used to gate data to the out- 
put pins. Valid data will appear on the output pins after Тдусу, 
Terav ог Terav times, depending on which is limiting. 


Standby Mode | E 

The standby mode of the R87C64 reduces power dissipation. 
Тһе А87С64 is placed in the standby mode by making Е = Мн. 
This is independent of G and automatically puts the outputs in 
their high impedance (High-Z) state. | 


Table 1. 


| Ріп с | 
(22) 
Моде 
ШАТ | 


Standby No Effect 


| Program inhibit 


Program Mode 


The А87С64 is in the program mode when Мрр is at 21V with 
E input at V. The data to be programmed is applied to the data 
output pins. When the address controls and data are stable, a 
50 msec program pulse is applied to the P input. 


Program Verify Mode 


A program verify should be performed on the programmed bits 
to determine that they were correctly programmed. The verify 
may be performed with Vpp at 21V. Data should be verified to 
ісіоу after the falling edge of б. 


Program Inhibit Mode 


` The program inhibit mode allows programming several R87C64 
. EPROMS simultaneously with different data for each by using 


E to control which devices respond to the program pulse on Р. 


Mode Selection 


| DQ0-DQ7 
( (11-13, 15-19) 
| у 


| 
(рода [у | м | — | 
и. 


5 
27) 
Мн 
Vit 

ІН | 
Уін 


Note: No Effect = No effect on selection/enable logic, however, по voltage other than logic levels shall be applied. | 


ERASURE PROCEDURE 


Initially, and after each erasure by ultraviolet light, all bits of the 
R87C64 are in the “1” state. In Program Mode, “0”6 are selec- 
‚ tively programmed into the desired bit locations. The only way 
to change a “0” to a “1” is by ultra-violet light erasure. 


The recommended erasure procedure for the R87C64 is 
exposure to ultra-violet light which has a wavelength of 
2537 Angstroms. | 


The integrated dose for erasure should be a minimum of 
15 W-sec/cm?. The erasure time with this dosage is 20 minutes 
using an ultraviolet lamp with a 12000 uW/cm? power rating. 


Caution 


The erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms. 
Sunlight and certain types of fluorescent lamps have 
wavelengths in the 3000-4000 Angstroms range. 
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R87C64 | TA EN _ 64K (8K х 8) CMOS UV EPROM | 


PACKAGE DIMENSIONS | 


28-PIN CERDIP 


I NU | 
cess [ое | 
[oss | os | 
NI NEM 
[ems [оов _ 


NOTE: EITHER ROUND OR SQUARE UV WINDOW. | 


2224-40 


b 


Rockwell 


R5213/2816 - 


Memory Products 


R521 3/2816 


16K (2K x 8) ELECTRICALLY ERASABLE HOM 


PRELIMINARY 


FEATURES 

* 2K x 8, 2048 x 8 organization 

е Single 5V + 10% supply . 

• TTL or high voltage byte erase/byte write 
• 9 ms or 1 ms byte erase/byte write 

* 10,000 erase/write cycles per byte 

Chip clear 

• Access time: 350 ns (max.) 

Infinite number of read cycles : 

e JEDEC Approved pinout 


е Pin and 2816A EEPROMs compatible with Seeq 5213, 
Intel 2816 


ORDERING INFORMATION 


Part Number: 
R5213 


Package: 
CERDIP 
Access Time: ` 


25 = 250 ns 
35 = 350 ns 


Model 
No Letter = 9 ms Byte Write/Erase 
H = 1 ms Byte Write/Erase 


DESCRIPTION 


The Rockwell R5213/2816 is a 2K x 8 (16,384 bits), 5V elec- 
trically erasable Read-Only Memory (ЕЕНОМ). Data is electri- 


cally written either by a TTL pulse or a voltage between 15V 


. and 22V on the Write Enable pin. Once written—this requires 
Jess than 10 milliseconds—there is no limit to the number of 
read cycles. А byte erase as well as a chip clear mode is avail- 
‘able. Each byte may be erased and written 10,000 times. Тһе 


erasure time, in either а byte erase or chip clear mode, is less. 


‘than 10 milliseconds. 


The R5213 is ideal. for applications requiring a nonvolatile 
‘memory with in-system write and erase capability. These fea- 
tures make possible dynamic reconfiguration, i.e., operating 

· software is altered in real time. Possible applications are instru- 
ment/machine self calibration, programmable character gener- 
ators, table look-up updates over telephone lines, and controlling 
automotive fuel/air ratio. Designing the R5213 into 8- and 16-bit 
microprocessor systems is also simplified since the typical 
access time is less шап 250 ns, allowing zero май state 
operation. 


E ROW DECODERS | 
DETECTION COLUMN DECODERS 
| CIRCUIT > 10 BUFFERS 


‚ MEMORY 
^ ARRAY 


LE 
LE 


_ 090-097 


R5213 Pin Configuration 


лр == 
ее 


‚200-007 DATA INPUT (WRITE OR ERASE) 


_ DATA CUTPUT (READ) 


Document No. 29000М01 


Data Sheet Order No. ММ01 
Rev. 2, March 1984 


R5213/2816 16K (2K x 8) EEROM 


ABSOLUTE MAXIMUM RATINGS* | "NOTE: Stresses above those listed may cause permanent 


damage to the device. This is a stress rating only and functional 
| Parameter | Symbol] Маше _ | Unit. operation of the device at these or any other conditions above 
y "позе indicated in the operational sections of this specification 
Supply Voltage E се -0.5 to +7.0 | Vac- is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
· Output Voltage | Мошт | 1-0,5 +7.0 - | 


W Level During Writing/ Vw - | .-0.5to +22.0 | Мас 
Erasing | | | 

W Мах. Duration at 22V tw ` Hrs 
During WE Inhibit ; 

DC CHARACTERISTICS 

Мес = 5.0V + 10%, ТА = 0°C to 70°C (unless otherwise specified) 


Write Enable Leakage | | 
| 1.0 1.5 mA М = Мин 


Read Mode 

WE Mode TT HENCE = та ие NER == 
WE ModeHgh Wrage — | — —] — [3 | m | тами — —— 
WE оня Node—High lags [| ОЕ | m | Wome =n 
Input Low Voltage (DC) 
| 
T 


W Write/Erase Voltage 
“ТТІ. Mode 


-High Voltage Mode 


G 
IN 


OPERATING CONDITIONS 


Усс Supply Voltage | БУ + 10% 
Temperature Range - -O to 70°C 


Time = 10 ns 
Vec +1 


Мес + 1 


Іо = 2.1 mA — 
Іон = —400 ША 
lc = 10 uA 


Усс = 5.0V, стр deselected, pin: 
under test at ОМ, T4 = 25°С, f = 
1 MHz | 


_ G стр Clear Voltage = 
Input Capacitance | | 
Output Capacitance‘? 
= 


-+ 


о 
A 
o o a 


o olo | 3 
ШИ ИИ 


рЕ С=Е = Мн 


| | | 
-. 
— > — 


1. Test Conditions: Output Load: 1 TTL gate and С, = 100 pF; Input Rise and Fall Times: = 20 ns; input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V | | 

2. Typical values аге for T4 = 25°C and Усс = 5.0V. 

3. This parameter is periodically sampled and is not 100% tested. 
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В5213/2816 | 7 16K (2K x 8) EEROM 
AC CHARACTERISTICS DURING READ | M dn | 


[ouput Enae о иам || s | | x | s | [E 
ouput Erabi to Наи meds | o| so | тој of s| в | 


Output Hold from Address, Chip Enable, 
or Output Enable, whichever Transition 
Occurred First 


| 


mi] о 

и: Д 
< 
= 


tenaz, tenaz” 


ІШ! 


“ГЕ 
| 

< 

= 


Notes: 

1. Test Conditons: Output Load: 1 TTL gate and ec = 100 pF; nodi Rise and Fall Times: «20 ns; Input Pulse Levels: 0. 45V to 2.4V; Timing 
Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V | 

2. G may be delayed up to tavav-tauov after the falling edge of E without impact on taygy. Data is available at the DQ outputs after a delay 
of tai ay from the falling edge of б, provided that Е has been low (Уң) and addresses have been valid for at least tavav-teLav: 

3. јеног оно? is specified from G or E whichever occurs first. 

. All timing units in nanoseconds (ns). 


READ TIMING DIAGRAM 


à ADDRESSES 
ADDRESSES VALID - 


OUTPUT | " <= 55 HIGH 2 


<------ tavav 


т! 


с) 


taxax 
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R5213/2816 - E _ 16K д Ca: x 8) EEROM 
AC CHARACTERISTICS DURING WRITE/ERASE 


Parameter 
Maximum. Endurance | 
Address to W Set-Up Time 
E to W Set-Up Time = 
Data to W Set-Up Time . 
. Write Enable Pulas Width | 
R5213 


R521 3H 


Я Maximum endurance, Q, is the number of write and erase cycles/byte. 


. ћунен (тіп) = 50 ns when іп the High Voltage W/E Mode only. When in the TTL W/E Mode, МЕН (тіп) = 700 ns. 
. {Ёре applies only when in the High Voltage W/E Mode. . 
. Test Conditions: Output Load: 1 TTL gate and C, = 100 pF; Input Rise and Fall Times: « 


20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: 1У and 2У, Outputs: 0.8V 26 2V | ; 


BYTE ERASE ОН BYTE WRITE TIMING DIAGRAM 


ADDRESSES | .. ADDRESSES VALID 


——— —— (дуул. DISSE 


t 
и Ses 


HIGH Z . | 
200-007 = Б. DATA VALID | J 
(WRITE) к 
(аста ү 


{ону Қы | 


000-007 
(ERASE) 


G NO EFFECT NO EFFECT 
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R5213/2816 i 16K (2Kx8) EEROM | 


CHIP ERASE TIMING 


ADDRESSES | NO EFFECT | 
= | | 
teLwL | - Бинен - | 


twLwH 


- tor 


000-007 


4-45 


`А5213/2816 


16К (2К х 8) ЕЕВОМ 


ОЕМСЕ ОРЕВАТЮМ 


The Rockwell R5213/2816 has six modes of operation (see 
Table 1) and except for the chip clear mode it requires only TTL 
inputs to operate these modes. 


To write a particular location of the R5213, that byte must first 
be erased. A memory location is erased by enabling the R5213 
with Chip Enable at a TTL low, bringing Write Enable to a TTL 
low while Output Enable is а TTL high, and TTL highs (logical 
15) are being presented to all the /О lines. The erase operation 


requires 9 ms. A write operation is the same аз an erase except - 


true data is presented to the VO lines. 


The R5213 is compatible to prior generation EEROMs which 


required a high voltage Мрр for writing and erasing. In the R5213 
there is an internal dual level detection circuit which allows either 
a TTL low or 21М Мрр to be applied to М 10 ехесше ап егазе 


^. or write operation. The R5213 species no restriction on the 


rising edge of Мрр. 


For certain applications, the user may wish to erase the entire 
memory. А chip clear is performed in the same manner as a 
byte erase except that Output Enable is between 14V and 22V. 
All 2K bytes are erased | іп less than 10 ms. ‚ 


Table 1. Моде Selection Wee = 5У + 1096) 
„таме 1. 


Note: 
1. W may be from Мн to 6V in the read and standby mode. 


A characteristic of all EEROMs 5. Па! the total number of write 
and erase cycles is not unlimited. The R5213 has been designed 


for applications requiring up to 10,000 write and erase cycles 


per byte. The write and erase cycling characteristic is com- 
pletely byte independent. Adjacent bytes are not affected during 
write/erase cycling. 


After the device is written, data is read by applying a TTL high 
to W, enabling the chip, and enabling the outputs. Data is ауай- 


-able tevav time after Chip Enable is applied or tavav time from 


the addresses. System power may be reduced by placing the 


. А5213 into a Standby mode. Raising Chip Enable to a TTL high 
. will reduce the active power by over 60%. 


COMPATIBILITY 


Тһе R5213/2816 is 100% compatible with the Seeq 5213 and 


the Intel 2816A and, except for the Ус (а Chip Erase Voltage), 
is also 100% backward compatible to the Intel 2816 which 


requires high voltage for byte erase/write. 


Mode Selection 


No Effect 
No Effect No Effect High Z 


000-007 
(9-11, 13-17) 


2. W may be at V, (TTL W/E Mode) ог Кот 15V to 22V (High Voltage W/E Mode) п the byte erase, byte write, or стр clear mode. 


3. No Effect = 
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No effect on selection/enable logic, however, no voltage greater than logic levels shall be applied. 


-В5213/28146 


РОМЕН UP/DOWN CONSIDERATIONS 


Care must be taken to prevent an unintentional write (or erase) 
cycle during power-up or power-down. These cycles can be 
prevented by applying a signal level of Vi to W (pin 21) when- 
ever Усс is greater than 2.75 volts. When Усс is 2.75 volts or 
less, the device cannot perform a write (or erase) cycle. 


Figure 1 shows a suggested circuit which can be used for power- 


up or power-down conditions. The power supply used for the | 
470 ohm pull-up resistor should be the same supply used for . 


POWER. 
STATUS 


16K (2K х 8) EEROM _ 


the R5213 Voc. When this Vec is outside the normal operating 
range (4.5 to 5.5 volts), the system power status signal (shown 
in Figure 1) should de low. Under these conditions, the open 
collector NAND.gate and the 470 ohm resistor protect against 
an unintentional write (or erase). 


Figure 1. 
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Typical Power Monitor Circuit 


R5213/2816 1111 | 16К (2К х 8) ЕЕВОМ _ 


PACKAGE DIMENSIONS 


24-PIN CERDIP 


0.557 + 0.042 
(14.15 + 1.07) 


LJ LJ LJ LJ L1 LJ LJ. LJ LJ LJ. LJ LÀ 
1.260 x 0.025 | 0.160 + 0.02 0.610 + 0,01 
(32.00 + 0.64) (4.06 = 0.50) (15.49 = 0.25) 


ais 
0.010 + 0.002 
(0.25 + 0.05) 
егі 


| | pe 0125 MIN. 
0.04 + 0.02 0.100 + 0.010 0.018 + 0.002 (3.17) 0.660 + 0.04 
(1.01 = 0.50) (2.54 0.25) (0.45 + 0.05) ^ — (16.76 £ 1.01) 


0.055 = 0.008 
(1.39 = 0.20) 


DIMENSIONS IN INCHES AND (MILLIMETERS) 
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~ 


Rockwell 


FEATURES 


Input latches 

• 8192 x 8 organization 

е Single 5V +10% supply 

* TTL byte erase/byte write 

e 9 ms byte erase/byte write 

• 10,000 erase/write cycles per byte 

е Chip clear- 

e Fast access times: 200 ns, 250 ns, 300 ns 
and 350 ns (max.). 

Infinite number of read cycles 

JEDEC approved pinout 

* Pin compatible With Seeq 52B33 EEPROM 


ORDERING INFORMATION 


Part Number: 
| А52833 _ __ 


Раскаде: 
CERDIP 


Access Time: . 
2 = 200 ns 
25 = 250 ns 
3 = 300 ns 
35 = 350 ns 


Model 
No Letter 


er = 9 ms Byte Write/Erase 
Н = 1 ms Byte Write/Erase 


DESCRIPTION 


The Rockwell R52B33 is a 64K (8192 x 8 bits) 5 volt electrically 
erasable read-only-memory (EEROM). The device operate on 
. 5 volt, TTL levels in the read, write and erase modes. The 
R52B33 also has a chip clear mode in which the entire memory 
is erased in a single erase cycle. The device performs chip clear 
with a TTL high level signal applied to- G and a TTL low level 
applied to CC. The erasure time for both chip iai and byte 
. erasure is under 10 ms. | 


| Data, addresses, E, CC, and Gare latched on the leading edge 
of W. The system controller needs only to maintain the W signal 
during the erase/write cycle after the latches are activated. 


Once written, which requires under 10 ms, there is no limit to` 


“the number of times that the data may be read. Each byte may 
be erased and written at least 10,000 times. 


Document No. 29000M15 


8528633. 


Метогу Products : 


R52 B33 


64K (8k х 8) ELECTRICALLY ERASABLE ROM 


The R52B33 is ideal for applications requiring а nonvolatile . 
memory with in-system write and erase capability. These fea- | 
tures make possible dynamic reconfiguration, i.e., operating 
software is altered in real time. Possible applications are instru- · 
ment/machine self calibration, programmable character gener- 


. ators, table look-up updates over telephone lines, and controlling 


automotive fuel/air ratio. 


СД ADDRESS [— MEMORY 


: er DECODE B ARRAY 
CONTROL 
LATCH 


WRITE/ERASE- (| | 
ENABLE EM 
"m EE 


мо BUFFERS 


A и е |  R52B33 Pin Configuration | 
> 5 қ Е 5 Eo == 


Data Sheet Order No. MM15 
Rev. 1, March 1984 


П 


52833 
LE ПТО 
DATA INPUT (WRITE OR ERASE) 
Е | DATA OUTPUT (READ)  — | 
МО СОММЕСТ 


| | 752833 Pin Names | Е 
ABSOLUTE MAXIMUM RATINGS* 


| 
| 
т 


Temperature Under Bias КЕЛЕ —10 to +80 
Storage Temperature | —65 to +100 


DC CHARACTERISTICS 


[sme | вы | 


Input Leakage Current. 


Output Leakage Current ЈЕ 


Write Enable Leakage 
Read Mode 
W/E Mode 
Chip Erase Mode 


loci Vcc Standby Current 
|». Усс Active Current 
Ми (DC) |. Input Low Voltage (DC) | 


Input High Voltage 2% ; 


ИШ Vw Capacitance?) 


Notes: в 4 


Iwe 
Vin 
Vw 
VoL 
Мон 

См 

Су, 


2. Typical values are for Тд = 25°С and nominal supply voltages 
3. This parameter is periodically sampled and is not 100% tested. 


Vec = 5.0V + 1096, Тл = 0°C to 70°C (unless otherwise specified) 
| | Typ. ? 


-+ 


) 
Ми (АС) Input Low Voltage (АС) -0.4 


W Read Voltage | 0 
W Write/Erase Voltage -0.1 


гә | тә | 
о 


1. Test Conditions: Output Load: 1 TTL gate and C, = 100 pF; Input Rise and Fall Times: « 20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V ғы ЕЕ . | 


64К (8К х 8) ЕЕВОМ 


OPERATING CONDITIONS 7”, ~ 


Vec Supply Voltage » 3 ES БУ = 10% | 


| Temperature Range 0 to 70°C Е 


H 


"NOTE: Stresses above those listed may cause permanent 
damage to the device. This 15 a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. — 


Test Conditions” 


t10 
t10 


ҺА 
ҺА 


= Усс Мах. 


= 
= 
| 


< 
o 
c 
+ 

| 


- = Усс Мах. | 
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H 
A 


я 


313 
-lf hls 
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! 
о] 
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ШЕЕ 
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со 

ы 

о 
5 
т 


< | a | 
ојојо 


110 Уһ | 


уос +1 са ша 
О АСАН ЕЕН ЕЕЕ 
| 

__|он = -400 pA pose 


Vcc = 5.0V, chip deselected, pin 
under test at ОМ, Ta = 25°C, f = 
~ 1 MHz 


о 
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-+ — =. . 
о/о 


5 


то 


о 
© 
тп 
о) 
| 
т 
|| 
= 
I 


ке) кө) 
|| Ol 
[n 
Ц mi 
| T 
< 
т 


952833 __ A CMS | 22 64K(8Kx8)EEROM | 


Parameter 


Address to Data Valid 
terav "Стр Enable to Data Valid 
ta. ov" Output Enable to Data Valid 


Output Enable to High Impedance 


: Output Hold from Address, Chip Enable, 
or Output Enable, whichever Transition 
Occurred First 


1. Test Conditons: Output Load: 1 TTL gate and C, = 100 pF; Input Rise and Fall times: «20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V | | 

2. G may be delayed up to tavav-taLov after the falling edge of E without impact оп tavay. Data is available at the DQ outputs after a delay 
of tai ay from the falling edge of G, provided that Е has been low (Vi) and addresses have been valid for at least їдусу-їс оу: 

3. tenaz; taHaz is Specified from G or E whichever occurs first. | | 


READ TIMING DIAGRAM 


| | ADDRESSES 
ADDRESSES 2 | ШЕКТІ 


(Ено 
taHoz 


ome p RU seo | 


tAxox 
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852833 _ т ии |. 64K (8K x 8) ЕЕВОМ 


АС CHARACTERISTICS Г DURING WRITE/ERASE 


Parameter Нм 


үу to E, б, Address or Data Change 


‘Write Enable, W, Pulse Width 
· R52B33 
W to Mode Change (Write Recovery Time) = 


1. Maximum endurance, О, is the number of write and erase cycles/byte. The endurance о the R52B33 is guaranteed to be а least 10,000 | 
cycles/byte. 
2. After tw px hold time, from W, the inputs Е, б, Address and Data аге latched and are “Мо ЕНесі” until twa, Write ыы; Time, after 
the trailing edge of W. 
3. The Write Recovery Time, twp, is the time after the trailing edge of W that the latches are open and able to accept the next mode set-up 
` conditions. Reference Table 1 (page 6) for mode control conditions. 


BYTE ERASE OR BYTE WRITE TIMING 


ADDRESSES NO EFFECT 
NO EFFECT 


NO EFFECT 


twi wH 


Кох 


a | | | 
- DQ0-DQ7 (| vaup | NO EFFECT 


(WRITE) | 
E КЕ 
| 
090-097 | NO EFFECT 


(ERASE) | 
[4 — — BY TE ERASE/WRITE PERIOD ——————=|-+— START ОР NEXT MODE 
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|. CHIP ERASE TIMING | 


|... рас-ро7 T 0 bu 
| | | Мох | ^ 


R52B33 ^. —  —  — — 7 64К(8Кх8)ЕЕНОМ _ 


А | 


_ МО EFFECT 


МО EFFECT 


< 
г 


< 
т 


þe— СНР ERASE PERIOD ——————_——>|«START OF NEXT MODE | 
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R52B33- 


64K (8K x 8) ЕЕВОМ 


| DEVICE OPERATION 


The Rockwell R52B33 has six modes of operation (see Table 
1). The contro! signals that determine these modes are TTL 
compatible. 


The chip clear and byte erase time is 10 ms. 


| READ 


A read is ; accomplished by pedis the address of the desired 


byte to the Column and Row Address inputs with АО as the LSB. 
Once the address is stable, E is brought low in order to enable 


the chip (W must be at a TTL high during the entire read cycle). 


. The output drivers are made active by bringing Gtoa TTL low. 
. Data is valid tg су after E or «су after G is low. The latches 
are transparent in the read mode. 


STANDBY 


BYTE ERASE/BYTE WRITE 


- Each byte of the memory may be individually erased or written 
мин TTL level pulses. The two operations have the same timing 


and specifications since the byte erase is performed by writing. 
all highs (HEX FF) to the selected byte. This restores the Буе. 


to its clear state of logical one., The byte erase is performed by 
presenting the device with Е ata logical low and G at a logical 
high after the address is stable. These controls must be stable 
for tavwi before W is-taken active. The data must be stable for 


Table 1. 


Vin 


No Effect | 


ud The power dissipation of the chip may be reduced by-taking Е 
а . toa TTL high between operations. This lowers Pp by over 60%. 


(Бума. All of these control inputs together. with the addréss and 


. data lines are latched on the falling edge of W. After twi px they 


may be removed and the next condition established while the 
byte is being erased or written. This effectively increases the 
write speed. After tw, wu, W may be returned to the TTL high 


level and the next operation begun twp after the rising edge of 


the pulse. 


. CHIP CLEAR 


The chip clear is performed by taking бе and Е to a TTL low 
level and G to a TTL high voltage level. The order in which the 
controls are set does not matter, only that they are stable for 
tavw before W goes low. The I/O and the address inputs are 
No Effect. After the control and data inputs are stable, take 
W low. This latches all control and data inputs and, after twi px 
all inputs with the exception of W become No Effect. W must 
be maintained at a low level ог ле duration of the chip clear 
cycle and then return it to a high lével. Another mode of oper- 
ation may be started twp after W is stable. The memory has 
now been returned to its clear state and contains all 1's. | 


РОМЕН UP/DOWN CONSIDERATIONS 


Internal circuitry on all.devices guard against inadvertent pro- 
gramming of bits during times when Усс is below the normal 
operating voltage. The device outputs will remain in high imped- 
ance and the write/erase circuitry disabled as long as W is. kept 


аі М. Normal operation, as outlined in Table 1, can begin only 
after W has been taken to V. ҚАЗИ 


Mode Selection (Vcc = 5V = 10%) 


000-007 
ps (11-13, 15-19) 


Dour 


No Effect No Effect High Z 


Write/Erase Inhibit 


No Effect No Effect No Effect High Z | 
Note: 


1. W may be from Мн to 6V in the read and standby mode. 
No effect on selection/enable logic, however, no voltage greater than logic levels shall be applied. 


2. No Effect = 
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вак өк: х ФЕ EEROM 


| MICROPROCESSOR INTERFACE CIRCUIT EXAMPLE FOR BYTE WRITE/ERASE_ 


| SYSTEM RESET > 
MEMORY RESET > 

.. EEROM SELECT) 
222 MEMORY WRITE > 


CHIP SELECT т» | 


^ RS2B33 0 - 


DATA BUS Е uA 000-007 


NOTE: · 
. ALL SIGNALS MUST SATISFY THE RELATIONSHIPS INDICATED 
SY THE TIMING DIAGRAMS SHOWN ON PAGES 3, 4 AND 5. 
. EEROM SELECT IS DERIVED FROM THE CHIP SELECT | 
' SIGNALS ОҒ ALL DEVICES FOR WHICH THIS CIRCUIT GATES 
W. THIS MAY ENTAIL A SIMPLE OR FUNCTION. IN CASE OF A 
_ SINGLE. EEROM, THE TWO SIGNALS WOULD BE COMMON. | 


TYPICAL EEROM WRITE/ERASE ROUTINE 


22 ISSUE | 
MEMORY READ | | 

| COMMAND” {| ге. INITIALIZE | 
ТО EEROM — T ns COUNT 


- EXECUTE 

МАТ | о oe — 
SUBROUTINE zl ДЕ a DECREMENT 
ВОТ мими | | сошмт 


~ ISSUE 
_ MEMORY WRITE 
^ COMMAND : 
TO EEROM | 


RETURN . 
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WAIT SUBROUTINE ~ 


852833_ LC FELD | 64К (8К х 8)ЕЕВОМ 


E 


PACKAGE DIMENSIONS | 


| 
| wx | мн - 


28-РІМ CERDIP ry 

[в | s | 194 | os | os | | 
[ c | se | as | oms | 0165 | 
Го |f on | os | oos | ооо | 
Lor [om | 38 | eee | ooo 
[| & |  2zssc | 01086 | 
у | 02 | озо | 0.008 | oo | 
ШЕГЕН БЕТ | оз | оов | 002 | 
[ Kk | ase | 49 

ЖЕГИ 

м | 
[ON j| 


ШЕГЕН 
[1524 | 1575 | oso | 062 | 


| 
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- R2816A and R5516A 


Memory Products 


$ % | R2816A and R5516A 


16K (2K x 8) LATCHED EEPROM WITH TIMER 
Rockwell елен 


FEATURES | ORDERING INFORMATION 
e High endurance erase/write cycles Part Number: R2816A _ _ _ 

— 1,000,000 cycles per byte (Н5516А) | R5516A. _ _ 

— 10,000 cycles per byte (R2816A and R2816AH) | 
е 5 volt-only operation Access Time 
е Оп-стр latches for direct microprocessor bus interface - с қ 
e On-chip timer for self-completed byte erase and write 35 = 350 ns 
е Fast byte write cycle | 


— 2 ms write (R2816AH) ШІ 25 НИ only) 
— 10 ms write (R2816A and R5516A) | Мо letter = 10 ms 
е Fast access time: 250 ns, 300 ns, 350 ns (тах.) 


e TTL voltage level controlled modes DESCRIPTION 


Ws iis with automatic byte erase The Rockwell R2816A and Н5516А are 16K (2K x 8) electrically 
— Read/write inhibit erasable programmable read-only memory (EEPROM) devices 

e Optional high voltage controlled modes with on-chip latches and write timer. ЕЕРНОМ5 allow non-volatile 
storage of data when power is off and in-circuit reading and 


22 E 5 writing of data when power is on. 

— 9 ms chip clear The R2816A and Н5516А both operate with TTL level signals 
е Power up/down protection circuitry | and а 5-volt power supply. The endurance, the number of times 
• Low power operation that a byte may be written to a particular location, is 1 million 

— 110 mA (max.) active current for the R5516A and 10 thousand for the R2816A. Once written, 

— 40 mA (max.) standby current | there is no limit to the number of times that the data may be read. 
е ЈЕРЕС approved 24-pin byte-wide pinout Both ЕЕРНОМ5 have an internal timer that automatically times 
• Direct replacement for 2K x 8 EEPROMs out the write time. The on-chip timer, along with the latching of 

— 21V 2816 address and data lines, allows the EEPROM to complete write 

— 5V 2816A and 5516A operation independently of the MPU. After syscuting a write 


COLUMN COLUMN _ 
ADDRESS ADDRESS 
LATCHES | DECODE 


ROW |... ROW. | 
ADDRESS ADDRESS MEMORY 
LATCHES — DECODE | ARRAY 


LATCH ENABLE 


EDGE DETECT INPUT 


& TIMER WRITE DATA 


LATCHES | LATCHES 
LATCH ENABLE 


CONTROL | CONTROL | 
LATCHES | LOGIC | О BUFFERS 


000-007 


R2816A апа R5516A Block Diagram 


Document No. 29000M17 Data Sheet Order No. MM17 
March 1984 


4-57 


R2816A and R5516A 


16K (2K x 8) EEPROM 


instruction to the EEPROM, the MPU is thus free to continue 
other computational tasks without delay or interruption required 
by earlier generation EEPROMs. The write operation is com- 
pleted automatically, taking only 10 ms for the R2816A and 
.R55164A, or only 2 ms for the faster R2816AH. A separate erase 
cycle is not required and the Write Enable (W) pulse width 
requirement is only 150 ns (max.). 


The R2816A EEPROM is the cost-effective choice for applica- 
tions requiring infrequent updating of non-volatile data, i.e., no 
more than 10,000 updates/byte. The R5516A is ideal for designs 
employing frequent update of data. 


ADDRESS 


CHIP ENABLE 


OUTPUT ENABLE 
W WRITE ENABLE 


DQO – DQ7 DATA INPUT (WRITE OR ERASE) 
DATA OUTPUT (READ) 


R2816A and R5516A Pin Names 
ABSOLUTE MAXIMUM RATINGS* 


A0 — A10 


| Parameter | Symbol | Маше Unit | 

Supply Voltage -0.5 to 47.0 

‚| Input Voltage - 0.5 to +7.0 
Output Voltage -0.5 to «7.0 
Temperature Under Bias – 10 to +80 
Storage Temperature -65 to +100 
W Level in Optional Vw -0.5 to +22.5 | Vdc 
High Voltage Byte Erase/ | 
Write and Chip Clear Modes 
W ог б Max. Duration at 22V | ма | 24 | Hrs 
G Level in Optional Va Vdc 
HV Chip Clear Mode 


DC CHARACTERISTICS 


(Усс = 5.0V + 10%, Ta = 0°C to 70°C (unless otherwise noted) 


| Symbol | Parameter 
| | O Input Leakage Current 


Output Leakage Current 


Write Enable Leakage Current 
Output Enable Leakage Current 


loci Vec Standby Current 


Voc Active Current 


Input Low Voltage 
Input High Voltage 


№ 
In 
Vw W Input High Voltage in Optional 12 
HV Byte Erase/Write and HV Chip 
Clear Modes 


© 
E 


E 
№ 


С Input High Voltage in 
Optional HV Chip Clear Mode 


Output Low Voltage __ 
Output High Voltage . 
Input Capacitance? 


Notes: 


Output Capacitance? 


1. Test Conditions: Output Load: 1 TTL gate and С, = 100 pF; input Rise 
and Fall Times: x20 ns; Input Pulse Levels: 0.45V to 2.4V; Timing 
Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V 


1 
2 
3 
4 
5 
6 
7 

8 
9 


ah oth 
~ О 


-. 
~ 


R2816A and 85516А Pin Configuration 


"NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in the other sections of this document is not 
implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. | 


OPERATING CONDITIONS 


Vec Supply Voltage 5V +10% 
Temperature Range 0 to 70°С 


Test Conditions! 


lou = - 400 МА 


Tl 


Vcc = 5.0 V, стр deselected, ріп 
under test at ОМ, T4 = 25?C, f = 1 MHz 


т 


р 


2. Typical values are for Тл = 259С and Усс = 5.0У. 
3. This parameter is periodically sampled and is not 100% tested. 


R2816A and R5516A 


. 16K (2K x 8) EEPROM 


EEPROM OPERATION 


The Rockwell R2816A and R5516A EEPROMs have four modes 
of TTL level controlled operation (Table 1) and three optional 
high voltage level controlled modes (Table 2). The standby, byte 
read, byte write, and write/read inhibit modes are controlled by 
TTL levels on the Chip Enable (E), Output Enable (G) and Write 


Enable (W) inputs. These modes support operations in cost- - 


sensitive designs where minimal supporting circuitry is required. 


The optional high voltage controlled modes allow R2816A/ | 


R5516A operation in circuits designed for earlier generation 
EEPROMs. А high voltage (12-22У) on W supports separate 
byte erase and byte write operations required by prior EEPROM 
designs. The chip clear mode requires high voltage inputs on 
two control pins (W and G). 


TTL LEVEL CONTROLLED MODES 


BYTE READ 


The byte read mode drives the data line outputs (000-00?) with 
the contents of the EEPROM byte located by input address lines 
А0-А10. Read access time is 250 ns or less (R2816A-25/ 
А5516А-25). 


А byte is read by stabilizing address lines A0-A10, applying a 
TTL low to E to enable the device, and applying TTL low to G 
to enable the data output drivers. Output data is valid on 
000-007 after taypy, tg, pv, ОГ ісіру time, whichever is 
limiting. W is held at TTL high throughout the cycle. 


STANDBY 


The standby mode reduces R2816A/R5516A power dissipation 
by over 6096 (maximum ICC drops from 110 mA to 40 mA). 


A TTL high on Е places the R2816A/R55164 in the standby mode 
regardless of the G or W input levels. The data output lines are 
in a high impedance state in this mode. 


BYTE WRITE 


The TTL controlled byte write cycle performs both a byte erase 
(all bits are written to the 1 state) and a byte write (all bits are 
written to the input data line states) in the same write cycle. A 
separate, preceding byte erase cycle is not required. 


Table 1. TTL Modes Selection. 


Сотто Pins 


Chip Output Write /О Data 
Select | Enable Enable Lines 
(E) (G) (000-007) 


Byte Read 
Standby 

Byte Write 
Write/Read Inhibit Vi 


Note: No Effect = No effect on logic selection, however, no voltage 
level other than TTL levels shall be applied. 


mo a TTL low to the W input of the selected EEPROM (E 
low) with the outputs disabled (G high) initiates the byte write 


` cycle. The address is latched on the falling edge of W (or E, 


whichever occurs later) and the data is latched on the rising edge 
of W (or E, whichever occurs first). The EEPROM uses the 
internal timer to automatically complete the byte erase and write 
operation without intervention from the MPU. 


WRITE OR READ INHIBIT 


Applying a TTL low to E with both G and W held at TTL high 
enables the EEPROM but inhibits both reading from, and writing 
to, the device. 


OPTIONAL HIGH VOLTAGE 


CONTROLLED MODES 


HV BYTE ERASE OR BYTE WRITE 


The high voltage byte erase or write mode operates the same 
as the TTL level controlled byte write mode with the following 
exceptions: 


1. The active W voltage level is 12-22V rather than TTL low. 


2. A separate byte erase cycle must be performed with all data 
bits set to 1 (data lines are TTL high) ро to the byte write 
cycle. 


HV CHIP CLEAR 


The chip clear mode erases all data in the R2816A/R5516A to 
the 1 state (TTL high) in 10 ms. 


When the device is enabled, raising W and G to a high voltage 
level (12-22) initiates the chip clear mode. Dropping W below 
the high voltage minimum level terminates the mode. The data 
lines must be held at TTL high. 


POWER UP/DOWN WRITE PROTECTION 


Internal circuitry protects the R2816A/R5516A against a false 
write during VCC power application or removal. This circuitry 
prevents writing under any of the following conditions: 


1. VCC is less than 3V. 


2. A negative transition on W does not occur when VCC is 
between зү апа 5У. 


Table 2. Optional High Voltage (HV) Modes Selection 


Control | Control Pins | 


Chip Output Write ИО Data 
Select Enable . Enable Lines 
(DQ0-DQ7) | 


(E) (6) 


HV Byte Erase ViL 
HV Byte Write Vit 
HV Chip Clear Vin 


R2816A and Н556А 2 BK (2K х 8) EEPROM _ 


AC CHARACTERISTICS | Е 
Усс = 5.0\ + 10%, ТА = 0°С to 70°С (unless otherwise specified) | 


BYTE READ | 


Limits (ns) | 
Я5516А-25 |. R5516A3 00 
R2816A-25 R2816A-3 


1. Test Conditions: Output Load: 1 TTL gate and C, = 100. pF; Input Rise and Fall Times: <20 ns; Input Pulse Levels: 0.45V to 2.4V; 


Timing Measurement Reference Level: Inputs: ТУ and 2V, Outputs: 0.8V and 2У. | 
2. G low may be delayed up to tg. gy after the falling edge of E without impact on tavay.. 
3. teHaz апа tenaz are specified from G or E high whichever occurs first. | 


BYTE READ WAVEFORMS 


| A0- A10 XX) г. КЕ | АХХХХХХХХХХХЯ) 
(ADDRESS) Жо ооо  ^DDRESS VALID (ложа КК 


XXXIX X) 
RRR THY 


tpp 


(DATA OUT). 


DQO - DQ7 | | | Y | | HIGH 2. 
сове | DATA VALID Y DATA VALID SN 


(lec Vec e loca ACTIVE CURRENT 
CURRENT) _ јест | ; 


STANDBY CURRENT 
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R2816A and R5516A. (| Pu СО 16K (2K x 8) EEPROM 


_ BYTE WRITE TIMING | Е | LP ETT | 


_ R5516A-25 R5516A-3 .. 
cycles/ 
bytes 


R2816A-25 R2816A-3 R2816A-35 


А5516А | 1,000,000 


Parameter 


1,000,000 
10,000 


Maximum Endurance 


R2816A, R2816AH 10,000 


Write Cycle Time | — 
Ко | | R5516A, А2816А | 10 | 
Lei. Address Setup Time ИШИ 
Address Hold Time ШЕГЕН 
| Write Setup Time | ШЕГЕН 
Write Hold Time б o. 


2 
o 


G Setup Time 
[саш ICONE NN NON 
Date Vale Tin? | 


= 
o 


o 
о 


Data Hold Time |] 9 | 


1. W is noise protected. Less than a 20 ns write pulse will not activate a write cycle. 
2. Data must be valid within 1 „5 maximum after the initiation of a write cycle. _ 


ХХХ XXX 
КАК NS 


| twLAx 
ем. 


“ыҚ "0777 
| ПЕЕ НІШ 


iauwL 


нух 
Бунох 


Му. Фууун 


090-007 0:0,7,7,99. J | T Ф ххх; 
maran Ж DATA VALID у SS 


 pao-Da7 XXX 
(DATA OUT) 
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R2816A and В5516А __ С на 16К (2K x 8) EEPROM 


HIGH VOLTAGE BYTE ERASE/WRITE TIMING 


Parameter 


Data Valid to W HV У Setup Time (tos) 
W HV Pulse Width 
W Fall Time 


HIGH VOLTAGE BYTE ERASE/WRITE WAVEFORMS 


и рш, | go ADDRESS VALID 


Canalhos ^ "HIGHZ . 
БАТ катна - | РАТА МАШО ] нан 
tt 


DQ0-DQ7 · 


(DATA ОИТ) HIGH 2 


© tauwv =>] twucx 


7 Ба 
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- Test Conditions 


- 


R2816A and R5516A Қ | ( БИМ |. 16K (2K x 8) EEPROM 
HIGH VOLTAGE CHIP CLEAR TIMING — it 
[evn [SHV W HV Setup Tine 


[ wee |W Recovery Time (i) 


HIGH VOLTAGE CHIP CLEAR WAVEFORMS 


DQ0-DQ7 
(DATA IN) 
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R2816A and Н5516А - 


PACKAGE DIMENSIONS 


24-PIN CERDIP 


LÀ LJ 
1.260 «ов | 
E TL SENE 


0.100 + pu 010 

(2.54 = 0.25) 
| 0.055 = 0.008 
(1.39 + 0.20) 


0.04 = 0.02 
(1.01 = 0.50) 


m 0.125 MIN. 
о (3.17) 0.660 + 0.04 
(0.45 = 0.05) (15.76 = 1.01) 


DIMENSIONS IN INCHES AND (MILLIMETERS) | 


16К (2К х 8) ЕЕРНОМ 


0.557 + 0.042 
E 15 x 1.07) 


0.160 + 0.02 0.610 + 0.01 
(4.06 = 0.50) (15.49 + 0.25) 


0.010 = 0. 002 
(0.25 > 0.05) 
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ба 


Rockwell 


R2000 


Memory Products > 


82000 _ 


64 х 8 ЕЕ RAM. 


Product Preview . 
_ FEATURES 


DESCRIPTION 


The Rockwell R2000 Моп-Моаше Random Access Memory 


(NVRAM) is a conventional 64 x 8 static random access 
memory (RAM) overlaid bit-for-bit with a 64 x 8 non-voltatile 
electrically eraseable programmable read only memory 
(EEPROM). The NVRAM combines the fast access read/write 
functions of static RAM with the permanent storage capability 
of EEPROM. STORE and RECALL commands, implemented as 
addresses to provide maximum user flexibility, initiate RAM to 


EEPROM and EEPROM to RAM data transfers. In response їо - 


the STORE command, the contents of the RAM are written into 
the EEPROM within 12 ms. In response to the RECALL com- 
· mand, the contents of the EEPROM are transferred to the RAM 


within 7.5 из. These commands require no additional control: 


| lines or external circuitry to support bus operation during power 
loss, thus greatly simplifying R2000 System design- in. 


Three inputs can be variously strapped to саиве ihe px 


byte-wide parallel bus interface to operate in one of five different _ 


bus configurations. This enables the R2000 to operate with most 
industry standard microprocessors and single-chip microcom- 
puters with extended buses. 


R2000 applications include (1) saving of critical system data upon 
power failure, (2) permanent storage of instrument/machine self- 
recalibration or transmitted parameters, (3) password storage, 
(4) replacement of DIP switches used for system configuration, 


and (5) automotive applications ranging nom oniy codes to 


engine performance adjustments. - 


Document No. 29000M16 
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* Byte-wide 64 x 8 organization 
* Single 5V power supply 


.* Low power dissipation 


— 50 mA active current 
-- 10 мА STORE current 
2 — 25 mA standby current 


е 10-Үваг даа retention for each STORE 
е Minimum 10,000 non-volatile STORE cycle endurance 
e Microprocessor and microcontroller: bus compatible 


е Five strappable, directly compatible, bus interface configurations: 


— R6500, В65С00, 6800 non-multiplexed bus 
— 280 non-multiplexed bus 
— R65C00/21, 6801 multiplexed bus 
© — В6500/11, R6500/41 Анко bus 
— 8051 multiplexed bus 


. Software. control of non-volatile functions | 


ся Storage protection 


— STORE and RECALL operation 
— No additional control lines A 
— Only a single external capacitor required 
e Fast static RAM access time: | 
— 125 ns (max.) for non- multiplexed биѕ 
= 250 п5 (тах.) for multiplexed bus 
• Reliable N-channel floating gate technology | 
е ТТІ. compatible. . 
• Self-timed STORE with h power-down retention pin 


1 vec 
VAR 
| 92(WR) | 
NC(AS/ALE) 
E 
MPX | 
R/W (RD) 
D7 
] D6 
D5(A5/D5) 
[1 D4(A4/D4) 
D3(A3/D3) 


 BC2 

, Bei 

AB(NC) 
© AA(NC) 

A3(NC) | 
A2(NC) 


A1(NC) 
АО(МС) 

00(А0/00) - 
D1(A1/D1) 
D2(A2/D2) 
GND 


©ONA DEON = 


- 4 


«А 
м 


R2000 Pin Configuration | 


Product Preview Order No. MM16 
March 1984 


R2000 


64 x 8 NVRAM 


ABSOLUTE MAXIMUM RATINGS* 


’ Parameter 
Supply Voltage | 


Mec... 3 
Input Voltage - ViN 
Output Voltage | : 
Temperature Under Bias 


Storage Temperature 


OPERATING CONDITIONS. 


. АН Modes : 


Усс Supply Voltage “БУ + 596 


_ Temperature Range 5 010 70°С | 


Parameter 


DC CHARACTERISTICS 


(Voc = 5.0V £596, ТА =.0°C to 70°С, unless otherwise specified) 


;-Parameter . 
Input Leakage Current | 


Output Leakage Current | 


lout 


loot 


Vcc Active Current — . 
Vi 
Vin 


Var Store Current. 


Vcc Standby Current , 


Ман Supply Voltage 
Гм | Input Low Voltage 


Input High Voltage | 
Output Low Voltage | 
Output High Voltage — 
Input Capacitance 


Output Capacitance? 


Notes: 


-03 +70 | Vde | 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 


‚ operation of the device at these or any other conditions above 
- those indicated in the operational sections of this specification 


is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


Test Conditions’ 
Vec = 5.25V 2 | 
Vin = GND to 5.250 · 


Маң = Vcc + 0V, – 0.25%, | 


Е = Мн, Vcc = 5.257 


Е = М, Мос = 5.25V · 


Voc = 5.0V, chip deselected, pin under test at OV, 
ОТА = 25°C, f = 1 MHz 


1. Test Conditions: Output Load: 1 TTL gate and C, = 100 pF; Input Rise and Fall Times: «20 ns; Input Pulse Levels: 0.45V to 2.4V; 
Timing Measurement Reference Level: Inputs: 1V and 2V, Outputs: 0.8V and 2V. 


2. Typical values are for T4 = 25°С and Voc = 5.0V. 
3. This parameter is periodically sampled and is not 100% tested. 
4. АП units are direct current (DC) except capacitance. 


R2000 | ка 


64 x 8 NVRAM 


SIGNAL DESCRIPTION 


А0-А5 —Address Lines. The six saree: inputs select 1 memory 
locations in RAM and initiate the STORE and RECALL com- 
mands. In a non- -multiplexed bus configuration, these lines. are 
assigned to the A0-AS pins. In a multiplexed bus configuration, 
some, or all, of the address inputs are shared with the 00-05 
data lines. 


00-07--Оайа Lines. When Е is LOW, the eight bidirectional, 
three-state, data lines transfer data from the R2000 RAM to the 


_ data bus during a read operation, or from the data bus to the. 


R2000 during a write operation. When Ei is HIGH, the data lines 
аге in a high impedance state. па multiplexed bus configura- 
_ tion, some of the data lines double as address lines. 


E—Chip Enable. E LOW input enables RAM read and write 
operation, as well as STORE and RECALL initiation. When 
E is HIGH, the R2000 is disabled and operates in а low-power 
· standby mode. In the standby mode the R2000 consumes almost 
.509/o less power than in the active mode. The data output lines 
are in a high ІПРӘСЕлЕв state during standby mode. 


92(WR)—Clock/(Write). This pin acts as either the Clock (92) 
or Write Enable (WR) input depending on bus interface 
configuration. When configured for an 6500/6800 bus, 02 clocks 
data in or out of the R2000 depending on the level of R/W. 
When configured for an Z80/8051 bus, WR LOW (and RD 
HIGH) enables data to be written from the data lines into the 
- R2000. | 


| R/W (RD)—Read/Write (Read). This input pin serves as either 
Read/Write (R/W) or Read Enable (RD) depending upon the bus 
interface configuration. When configured for an 6500/6800 bus, 
R/W HIGH enables data to. be read from R2000 RAM to the data 
lines, whereas R/W LOW enables data to be written from the 
data lines into. the R2000. When configured for an 280/8051 bus, 
RD LOW (and WR HIGH) enables data to be written from 


_ the R2000 RAM to the data bus. 


NC(AS/ALE)—No Connect (Address Strobe/Address Latch 
Enable). This pin is used only with a multiplexed bus. A HIGH 
on this pin—AS for an R6500/* bus, ог ALE for the 8051 bus— 
indicates that a valid 2155 exists on the data/address lines. 


MPX—Muttiplex. The МРХ, BC1 and ВС? inputs determine the 
bus interface configuration. MPX HIGH selects a multiplexed 
Dus, whereas MPX LOW selects a ‘non-multiplexed bus. 


| вся, BC2—Bus Configuration. 1 and 2. The BC1 and BC2 
inputs, in conjunction with the MPX input, determine е bus 

interface configuration. Table 2 defines the specific bus selected 

_ by strapping each of these three inputs to’ either Vcc or GND. 


Мав— STORE Power Supply. This power down retention pin 


is normally connected to an external 470 „Е capacitor. The 
capacitor retains enough power to write the data from RAM into 
. EEPROM when STORE is commanded upon loss of Vcc. . 

_ Vcc—Power. +5 Мас. 


GND— Ground. Ground. 
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FUNCT IONAL DESCRIPTION. 
The major functions in the R2000 NVRAM are в) the volatile 


‘static RAM with its associated address decode, sense and read 


circuitry, | write control circuitry, and input receivers/output. 
drivers; (2) 1 the non-volatile EEPROM with its associated STORE 
and RECALL control circuit, and high voltage generator; and 
(3) the bus interface configuration logic. A block diagram of the 
R2000 NVRAM is. shown in а 1. | 


нон 
‘VOLTAGE | 
GENERATOR 


— BUS 
CONFIG- - 
URATION | 


CONTROL | | за 
STORE RECALL . 
| STORE/RECALL 
CONTROL 


READ/ _ 
WRITE 
CONTROL 


ADDRESS . 
DECODE 


| 64x8 . 
STATIC RAM 


OUTPUT - 
DRIVERS 
АМО 
INPUT — 
ро-рт| RECEIVERS. 


Figure 1. R2000 Block Diagram 


RAM. 


The 64 bytes of volatile RAM are located at addresses 0 to 3F 
(hexadecimal) as decoded from address lines А0-А5. Locations 


OQ and 1 in RAM are not accessible since addresses O and 1 cor- 


respond to the STORE and RECALL commands, respectively. 


. The remaining bytes are available for general read/write access. 


Table 1 summarizes the memory тар: апа. {һе соттапа 
operations, : 


During normal operation, the RAM хш а! bus speed without 
affecting the contents of tl the E EEPROM. RAM accesses are con- 


‘trolled Бу Е, 92(WR), R/W(RD), and (AS/ALE) inputs depende 


on the прес, bus configuration. 


EEPROM 


The 64 bytes of non-volatile EEPROM shadow the static RAM 
cell-for-cell. Shadowing means that the RAM array is overlaid 
bit-fot-bit with the EEPROM array. The EEPROM operates in 
parallel with the static RAM during a STORE or RECALL thus 
providing immediate storage and retrieval. The first two bytes 
are not used because the corresponding addresses are used 
for the STORE and RECALL commands. 


R2000 


64 x 8 NVRAM 


STORE SECURITY KEY 


The STORE and RECALL circuit controls the transfer of data. 


between the RAM and the EEPROM. When a STORE command 
. is received, i.e., address 0 is written with the value B5 (hexa- 
> decimal) on the data lines, data is copied from RAM to the 

. EEPROM. The B5 value, called the STORE security key, is 
saved in an internal register during the STORE process. Once 
initiated, the STORE process completes under internal control 
and cannot be interrupted by an external signal. Access to the 
RAM from the data bus is inhibited during this time (indeter- 
minate data will be output to the data bus if a read is attempted) 


and is re-enabled at the completion of the STORE. After STORE. 


is complete—less than 12 ms after receipt of the STORE 
command—the В5 value is erased to prevent an inadvertent 
STORE from occurring due to an unintentional generation of 
address 0. Internal R2000 circuitry also prevents alteration of 
EEPROM contents during Vcc and Var decay following power 
. loss, and during Vcc and Унң rise after power application. | 


| When a RECALL command is received, i.e., any data is written 


ЕС address 1, data in the EEPROM is copied to the RAM. Тһе. 


_. RECALL time takes less than 7.5 uS. - 


-.. Table 1. R2000 NVRAM Memory Мар 


- | Address | Read/ 
"| (Нех.) ite 


Z Function 
STORE. ВАМ to EEPROM. The RAM 
byte at this location is not accessible. 
The B5 data value is required to 

initiate the STORE sequence. 


"Мо ‘operation. 


RECALL RAM from. EEPROM. RAM 
data at this location is not accessible. 


га | — [No operation — 
Write Write data to RAM locations 02-3F. 
Read | Any | Read data from RAM locations 02-3F. 


STORE AND RECALL EXECUTION 

Read and write instructions can be executed in the application 
program to STORE and RECALL data either during normal 
operation or upon detection of power loss or turn-on. If performed 
as a part of normal operation, the STORE and RECALL instruc- 
tions can be executed either periodically or upon demand. If 
performed as a part of power on/off processing, the STORE 
instruction should be executed as part of the power loss detect 
interrupt handling routine, and the RECALL instruction executed 
as part of the power turn-on processing. = 


Ура CONNECTION: 


The Var pin is normally connected to an external 470 „F (min.), 
15V capacitor. The capacitor, charged through internal circuitry 
to a value of Vcc — 0.25V, contains enough energy to complete 
a STORE operation upon loss of Усс. An internal current 
limiting switch prevents a large inrush current to the capacitor 
upon power turn-on. An internal power switch connected to Vcc 
opens during a STORE operation and when Усс drops below 
Ман to inhibit current drain from the capacitor into the Voc 
_ power grid. .. ihe m 


If the Vcc power grid has enough stored energy to support 
R2000 operation for at least 12 ms after the processor detects 
power loss and initiates a STORE, the Var ріп сап be con- 
nected to Усс rather than the capacitor. | 


SYSTEM CONNECTION . 


Figure 2 shows a typical system connection using an R6502 
CPU, 4K x 8 static RAM, system decode logic, on an R2000 
NVRAM. еді E | up. а 


STATIC 
” RAM 


SYSTEM |. 
DECODE 


SYSTEM 
CHIP — — 
SELECTS 


с5 


Усе|. 
(ТЕ 


470pF 15V 


45V 


Figure 2. Typical System Interface. 
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64 x 8 NVRAM 


BUS CONFIGURATIONS 


Strapping MPX, BC1, BC2 inputs high (Vcc or low (GND) con- 
figures the R2000 bus interface to operate with one of five dif- 
ferent busses as specified in Table 2. Figure 3 shows the five 
possible configurations. 


BC2 (GND) 
BC1 (GND) 
NC 
NC 
NC 
NC 
NC 
NC 


.BC2 (GND) 
BC1 (GND) 
A5 
A4 
A3 
A2 
A1 
А0 
Do 
D1 
D2 


о со чо льо м = 


07 
06 
D5 
D4 
D3 


= = 
-. O 


> 
№ 


R6500, Н65С00, 6800 


Non-multiplexed Bus Interface | 


| 07 


сочолњљоћ — 


R65C00/21, 6801 | 
Multiplexed Bus Interface 


06 


BC2 (VCC) 
BC1 (GND) 
AS 
[vu 

A3 


MPX (VCC) A2 
АЛ 


A1 
A0 
00 | 
Di. 
D2 


оо чо лао = 


BC2 (GND) | 
BC1 (VCC) 


MPX (GND) - 


ри ориг „А 
Юю = © 


Table 2. Bus Configuration Strapping | 


Ч Ріп Connections - 


Bus interface 


| R6500, R65C00, 6800 Non-multiplexed 


"нөн [weis [тон похот eso иона 
| HIGH |.LOW | HIGH | 8085/8051 ТҮРГЕ 


Note: Low = GND, High = Усс 


А5 
А4 
АЗ 
А2 
А1 
А0 
00 
01 


07 
06 
05 
04 
03 


сочнч9птьров = 


А А ы 
ю = © 


_ BC2 (GND) 
BC1 (VCC) 
NC 
NC 
NC: 
MPX (УСС) . NC. 
RW o NC 
D? -— NC 
06. | 
05 _ 
04. 
03 


R6500/11. and R6500/41 


Ж сага Виз Interface 


Figure 3. Five Possible Strapping Configurations 


469 


ою фо чо ел ь on + 


P 8085/8051 | 
Multiplexed Bus Interface | 


MPX (GND) 
RD 


MPX (VCC) 
RD 

D7 

| D6 

А5/05 
А4/04 
АЗ/ОЗ 
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PACKAGE DIMENSIONS. 


24- PIN CERDIP 


1.250 %0.025 
(32.00 +0.34) 


(3 


2 0. 100 #0.010. 
50) (2-54 £0.25) 
а 0.055 +0.008 


(1.39 10.20). 


DIMENSIONS IN INCHES AND (MILLIMETERS) 


0.160 +0.02 
(4.60 %0.50) 


0.125 MIN. 
(3.17) 


0.018 4 +0. 002. T 
(0.45 +0.05) 


64 x 8 NVRAM 


0.610 +0.01 
(15.49 £0.25) 


0.010 +0.002 
4 (0.25 +0.05) 
0.660 %0.04 
(16.76 £1.01) ^ 


EPROM PINOUTS GUIDE 


це! 27256 ` 
Intel 27128 


Intel 2764 - 
| === Т.І. 2564 al | 
Motorola 68764 | 
МРР- УРР- VPP] УРР:! m~ Intel 2732 ——— 
А12 А12 A121 CS1 T.I. 2532 


< 
Q 
O 


VPP A11 A12 23 
E/PGM[- G/VPP |E/VPP22 
A10 A10 LA1021 
A11 E A11 20 


12 
3 
4 
5 
6 
7 
8 
9 


VPP = 21V МРР = 25V Rockwell ROM Рпошв (УРР = Chip Select іп АОМ$) 


2732А 2732 2332A ——> 2532 R23128 ——» 27128 
2764 2532 : R2332B ——> 2732 R23C64A —— 68764 
27128* 2564 2364A ——» 68764 R23C64B ——» 2764 


27256* 68764 R2364B — 2764 Н87С32-----»-2732А 


NOTE: Pins Without Their Function Designated Are the Same as the Corresponding Pin on the 2532 
* 12V for intelligent Programming 
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INTELLIGENT DISPLAY CONTROLLERS _ 
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INTELLIGENT DISPLAY CONTROLLERS 
Сш Costs 30¢/digit, Replace Up To 11 TTL Devices, 
Interface With Any Host „С 


Rockwell display controllers drastically cut the cost and | 
complexity of designing vacuum fluorescent (VF) displays 
into systems, can actually save up to 30 cents per digit. 
One 10937 can replace up to eleven TTL devices and can . 
interface with any host microcomputer. VF Display . 


manufacturers Futaba, NEC, and Noritake have all specified 


these controllers. 

_ The 10937 is a single-chip alphanumeric display controller 
_ which directly drives 14 to 18 segment VF displays of up to 
16 characters. It includes brightness and refresh controls 
and logic, its own RAM buffer, PLA segment decoder, and. 
output driver. 

The 10951 single-chip display controller is similar to the 
10937 except the PLA segment decoder has been 
reprogrammed to drive a bar graph display and numerics. 

If neither the 10937 nor the 10951 PLA segment codes 
satisfy the user's requirements, a custom code may be 


.. specified for the single-chip display controller. 


The 10938 segment decoder/driver and the 10939 digit 


^ controller/driver operate as a set to drive dot matrix - 


. displays. A single set controls 5 x 7 dot matrix displays of. 
up to 20 characters or cascaded to control up to 


80 characters. Operating at 50V, the sets can drive VF 
displays and, with external drivers, LED, CCD, gas 
discharge and incandescent displays. 

The 10941 can team with the 10939 to drive 
alphanumeric 14-18 segment VF displays of 20 to | 
40 characters and bar graphs. The 10942 and 10943 can 
team with the 10939 to drive 40 to 80 character 5 x 12 dot 
matrix displays. 

The Rockwell display santraller are e finding wide 
application in printers, photo copiers, typewriters, FAX 
machines and in various automotive and white goods uses. 
If the user has special requirements, a custom code may be 


. specified for the segment decoder/driver device which can 


be packaged in a 40, 28, or 24 pin DIP зесогато to the 


device type selected. 


A new single-chip controller is under. development which 
will be similar to the 10937/10951 devices except the user 
will have some control over the number of display outputs 
allocated as strobes or segments, the PLA will be doubled 


. in size to allow 128 characters and the PLA тау be 


bypassed to allow direct control of segments. 


VACUUM FLUORESCENT CONTROLLER APPLICATIONS 


Multi-Chip Display 
Controller 


Display 


Display Type 


• 8 Char. 14-18 Seg. 


• 10 Char. 
* 16 Char. 
e 20 Char. 
• 32 Char. 
• 40 Char. 


• 20 Char. 
• 32 Char. 
• 40 Char. 
• 40 Char. 


• 80 Char. 
e 80 Char. 


14-18 Seg. 
14-18 Seg. 
14-18 Seg. 
14-18 Seg. 
14-18 Seg. 


5 x 7 MTX 
5 x 7 MTX 
5 x 7 MTX 
5 x 12 MTX 


5 x 7 МТХ 


5 x 12 MTX 


Controller 
(See Part No.) 


1 (10937) 
1 (10937) 
1 (10937) 


Anode Driver 
Type Grid Driver 
(See Part No.) | (10939) 


1 (10941)* 
1 (10941)* 
1 (10941)* 


1 (10938) 
1 (10938) 

1 (10938) 

1 EA (10942) 
(10943) 

1 (10938) 

1 EA (10942) 
(10943) 


* Numeric + Bar Graph 1 (10951) 


* Also Controls Bar Graph Displays 
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ALPHANUMERIC DISPLAY CONTROLLER 


PRELIMINARY 
DESCRIPTION FEATURES 
The 10937 Alphanumeric Display Controller, one of the Rock- e 16 character display driver with decimal point and comma tail 
well Intelligent Display Controller products, is а MOS/LSI e 14 or 16 segment drivers 
. general purpose display controller designed to interface to seg- е Average data rate: 66 KHz - 
mented displays (gas discharge, vacuum fluorescent, or LED). е Single ана burst tate: SOO KHz 
The 10937 will drive displays with up to 16 characters with 14 се TTL compatible 
or 16 segments plus a decimal point and comma tail. Segment e Direct digit drive of 10 ma for 30, 35, and 40 volt displays | 
decoding within the device provides for the ASCII character set e Supports gas-discharge, vacuum fluorescent, or LED displays 
(upper case only). No external drive circuitry is required for dis- e 64 x 16-bit PLA provides. segment decoding for ASCII char- 
plays that operate on 10 ma of drive current up to 40 volts. A acter set (all caps only) | 
16 x 64-bit segment decoder provides internal ASCII character е Serial data input for 8-bit di jsp ay an id centre data words. 
set decoding for the display. 40-Pin DIP | 
| е 


ORDERING INFORMATION 


Part Package | . Drive Temperature 
Number | Туре Voltage | Range 


10937P-30 Plastic 0°C to +70°C 
10937P-35 Plastic ‚ 0°C to +7ФС. 
10937P-40 Plastic 0°С to +70°С 
10937PE-30 | Plastic —40°С to +85°С 
10937РЕ-35 | Plastic | —40°С to -85C- 
10937PE-40 | Plastic | —40°C to +85°C 


st ' SEGMENT 


DATA DECODER 
BUFFER : өй 


ОЕСІМДІ. РТ. | 
COMMA TAIL SEGMENT 


DRIVERS 


TIMING 
AND 
CONTROL 


DIGIT DRIVERS 


10937 Block Diagram 


Data Sheet Order No. D85 


Document Мо. 29000085 i | 
5-3 | у | | Rev. 3, January 1983 


"s E Operating Temperature 


1097 Арвапитепс Display Controller 
INTERFACE DESCRIPTION | ————À - 


1 PNT n 
| 710937 Pin Functions | 2 Cp ТАП 225 
| Signa! Name EE 3 o 
| Signa! Name | unction ` 4 sco H 
| VSS | Ромег апа signal ground 5 SGN: - 
AD16-ADi | < | Digits 16 through 1 driver: outputs 16 SGM 
VDD | | | ОС power.connection Sai 
A га А сјоск изед опу (ог демсе testing 7 
РОН Power-on reset input 8 ,SGK 
DATA. 21 | Serial data input 9 SGJ 
| Serial data clock input SGI . 
| Segments A through P driver outputs SGH 
Comma tail driver output „все 
бесіта! t r быны 
есіта pon driver output SGF 
$ | SGE 
SPECIFICATIONS. ше 
Махїтит Ratings SGC 
"Parameter — | SGB 
— SGA 
Supply Voltage | еск 
| Power Dissipation ..- BP! | 
1. ОАТ А 


Input Voltage | qu а | ии | зар 
Output Voltage | 0.2 | | d | |^ .". . 10937 Pin Configuration 


This device contains circuitry to protect-the. inputs against 
damage due to high static voltages, however, it is advised 
that normal precautions be taken: to avoid application of any 
: voltage higher than maximum rated to this circuit. — 


Commercial 
Industrial | | 
Storage Temperature 
| Input Capacitance | 
| | Output Capacitance: 


All voltages are йы relative to Ves. 
D.C. Characteristics С АРА 
Limits (Vss = +5V) 
Parameter А Typ. lin. | d "i e "D Conditions 


Supply Voltage (Мрр) 
Input DATA, SCLK, 
. Logic "1" 
Logic "0" 
Input POR 
Logic "1" 
Logic "0" 
. Output Digit and: 
Segment Strobes 
Driver On Е А . T" | 
Commercial ne S ; КО эй та a | At 10mA 
Industrial | ® | 
Driver Off 10937-30 
Driver Off 10937-35 _ 
Driver ОН 10937-40: |. | | 
Output Leakage А | | | : | Per driver at 
Input Leakage ^ T J driver off 


determined by 


Actual value 
external circuit 


NOTES: All outputs require Pulldown Resistors. 


АС. Characteristics 
Characteristic 


Internal Clock (1 Bit Time) 
Commercial : 
Industrial 


Segment or Digit Strobe Output 


SCLK Clock 
On Time 
Off Time 


’ Data Input Sample Time 
Before SCLK Clock Off 
After SCLK Clock Off 
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10937: |. о е... Alphanumeric Display Controller 


| SCLK and Serial Data Timing — — БЕЕН MES 
| um ж--- Ton = | <—— Тон —> 


SCLK —1.0V 
x —4.2V 
я Thott 


—1.0V 


ж-- Таон 


s INPUT N Ес ХАК | 


—4.2V 


“DATA must be stable during this time. 


SCLK and Serial Data (Control Word) Examples . 


LOAD DUTY CYCLE - 11 


LOAD BUFFER POINTER - 11 
LOAD DIGIT COUNTER - 15 


NOTE: Crosshatch = don't care 


Data Word LSB/MSB Timing 


END OF NEXT 3 
БАТА WORD Pus DATA WORD 
e ——— APRES Ks она И 


MIN 40 „БЕС 


Power-On Reset Voltage Limits 


VOLTAGE 


10937 _ 


FUNCTIONAL DESCRIPTION 


The 10937 is a general purpose display controller for multi- _ 


plexed, segmented displays with up to 16 character positions 
and 14 or 16 segments, plus decimal point and comma tail. No 
external drive circuitry is needed for displays requiring up to 10 
ma of drive current up to 40 volts. All timing signals required to 
control the display are generated in the 10937 device without 
any refresh input from the host processor. 


. Input data is loaded into the Display Data Buffer via the Serial 
Data Input (Data) channel. Internal timing and control blocks 
synchronize: ће segment:and digit output signals to provide the 
proper timing for the multiplexing operation. A 16 x 64-bit PLA 


is provided. for segment decoding for the full ASCII character set ` 


(иррег саве опіу). 


Input data is loaded into the 10937 ADC as а series of 8-bit 
с words with the most significant bit (MSB), bit 7, first. If bit 7 of 
. any word loaded is a logical 1 (this bit is referred to as the control 
bit C), the loaded word is a control data word. If the C bit of any 


word is a logical 0, the loaded word is a display data word. The.. 
|... following paragraphs describe the format and functions of these | 
i d ume m control and display data words. | | 


INPUT CONTROL DATA WORDS 


_ When the C-Bit (bit 7) of the 8-bit input word. isa logical 1, bits 

5 and 6 are decoded into one of four contro! commands while 

data associated with the command are extracted from bits 0-4 

| (see Table 1). There are three control codes which: RN the 
following display functions: | 

• Load the Display Data Buffer pointer, 

e Load the Digit Counter, 

e Load the Duty Cycle register. 


A fourth control code is defined but is not intended as a user 


function (see note associated with Table 1). Table 1 lists the 
control codes and their functions. 


Load Buffer Pointer 


The LOAD BUFFER POINTER code allows the Display Data 


Buffer pointer to be set to any digit position so that individual 
characters may be modified. The LOAD BUFFER PTR is loaded 
with a decimal equivalent value 2 less than the desired value 
(1.е., to point to character 6 of the а a value of 4 5 
entered). 


8-Bit Control Word 


C-Bit (Bit 7) : 7-Bit Code (Bits 6-0) - 


LOAD BUFFER POINTER (Position of character to be changed) 
LOAD DIGIT COUNTER (Number of characters to be output) | 
LOAD DUTY CYCLE (On/off and brightness control) 

TEST MODE ONLY (Not a user function) 


010NNNN'? 
100NNNN(? 
11NNNNN(O2 
ООМММММ У) 


-h мм мы —ь 


: 1. ММММ is а 4-bit binary value representing the 
digit number to be loaded 

2. NNNNN is a 5-bit binary value representing the 

number of clock cycles each digit is on. . 


Alphanumeric Display Controller 


Load Digit Counter 


. The LOAD DIGIT COUNTER code i is normally used oniy duo 


initialization routines to define the number of character positions 
to be controlled. This code maximizes the duty cycle for any 
display. If 16 characters are to be controlled, enter a value of 
0 (zero). Otherwise, enter the value desired. 


Load Duty Cycle { 
Тһе LOAD DUTY CYCLE code is used to turn the display on 

and off, to adjust display brightness, or to modify display timing 
for gas discharge displays. As shown in the block diagram, the | 
time slot for each character is 32 clock cycles. The Segment . 


. and Digit Drivers for each character are on for a maximum of 


31 cycles with a 1 cycle inter-digit off-time. The LOAD DUTY 
CYCLE code contains a 5-bit numeric field which modifies the 
on-time for segment Driver Outputs from 0 to 31 cycles. A duty 
cycle of 0 puts both the segment and digit drivers into the off 


state. 


INPUT DISPLAY DATA WORDS | 


Display data words are loaded as 8- bit ASCII format codes. The 
64 codes available (with the C-bit set to 0 to indicate а display 


data word) are shown in Table 2 with their corresponding ASCII 


characters. 


_ Sixteen display data words must be entered to completely load 


the Display Data Buffer. The Buffer Pointer is automatically 


incremented before each data word is stored т the Display 


Buffer except for decimal point and comma words. These do not 
cause the Buffer Pointer to increment and thus are always 
associated with the previous character entered. To select the 
next character position to be loaded out of the normal sequence, 
use the LOAD BUFFER POINTER command before entering 


. the display data word. It is not necessary to use the LOAD 
~ BUFFER POINTER command to cycle back to position 1 when 


less than 16 character: positions are being used (DIGIT 
COUNTER = 0). | 


-Table 1. Control Data Words 


Function 


3. This code is a device test function only. If exe- 
cuted it will lock the device in the test mode 

. which can be removed only by performing a 
power-on reset. 


10937 


GND 
-м 


зах - 


| | 31 BIT TIMES 


1 ВІТ ТІМЕ 


22221 DISPLAY CYCLE 


512 BIT TIMES 


МОТЕ: 


Alphanumeric Display Controller 


Timing shown is for 16 characters with a duty cycle of 31 


Figure 1. Display Scan Timing Diagram (Duty Cycle) 


Table 2. Character Assignments for Display Data Words 2 
DATA WORD | CHARACTER 


DATA WORD | CHARACTER | DATA WORD | CHARACTER | DATA WORD | CHARACTER 


0X000000 @ 0Х010000 Р _ 0X100000 · 0Х110000 0 
0Х000001 А 0Х010001 а .? 0Х100001. 0X110001 1 
0X000010 B 0X010010 А | | 0Х100010 0X110010 2 
0X00001 1 C 0X01001 1 S + 0X100011 - 0X110011 3 
0X000100 D 0X010100 T - 0X100100 0X110100 4 
0X000101 E 0X010101 U -0Х100101. 0Х110101 5 
0Х000110 Е. . 0X010110 V . 0X100110 0X110110 ‚6 
0Х000111 а 0Х010111 W 0X1001 11 0X110111 7 
0Х001000 H 0X011000 X ` 0X101000 0X111000 8 
0Х001001 | 0Х011001 Y _ 0X101001 0X111001 9 
0X001010 J 0X011010 2 0X101010 0X111010 
0X001011 K 0X011011 [ 0X101011 0X111011 
0X001100 L 0X011100 | . j* ‚ 0Х101100 0Х111100 < 
0Х001101 М 0Х011101 1 0Х101101 0Х111101 = 
0Х001110 М. 0X011110. Ж 0Х101110 _ 0X111110 - > 

О 0Х011111 - 0Х101111 0Х111111 7 


0Х001111 


10937 


POWER-ON RESET (POR) 


Тре Power-On Reset (POR) initializes the internal circuits of the _ 
2 10937 АРС when power (Мрр) is applied. The following condi- 
| tions are established after a Power-On Reset: | | 


a. The Digit Drivers (AD1 -AD16). are in the off state (floating). 


...b.. The Segment Drivers (SGA-SGP) are in the off state | 


(floating). This includes РМТ and Tail. 


i с. Тће сусје оп- "ime for the BEAD DUTY CYCLE is set to 0 | 


yo cycles. | 
а. Тһе LOAD DIGIT COUNTER i 5 зе! to 16 (а bit code lus 
| ofo | 


“е. The LOAD BUFFER POINTER is set to 15 to allow the first » 


character to.be entered into position 1. 


DIGIT DRIVERS S (AD1-AD16) 


The sixteen Digit Drivers (AD1-AD16) are used to select each . 

of the display digits sequentially during a refresh scan. Display |. 
- segments will be illuminated when both the Digit Drivers and 
Segment Drivers for a particular character are energized simul- 
taneously. The timing characteristics of both the digits апа seg- . 

- ments are shown in Figure 1. See ron for the Power-On Reset | 


a state of these drivers. Е 


"Alphanumeric Display Controller 


SEGMENT DRIVERS (SGA-SGP) 


Sixteen. (16) Segment Drivers are provided (SGA-SGP), plus 


the decimal point (PNT) and comma tail (TAIL). The segment - 
outputs аге internally decoded from the 8-bit characters in the 
Display Data Buffer by means of a 64 x 16-bit PLA. The Seg- 
ment Driver Allocations are shown in Figure 2. Data codes and 
their corresponding segment patterns are shown in Figure 3. 


Timing characteristics for the segment outputs are shown in 


Figure 1. See POR for the Power-On Reset state of these 


| drivers. 


NOTE 


_ Рог 14-segment displays, SGA is used for: the top seg- 
ment and SGF is used for the bottom segment. SGB and 
SGE can be floated. | 


г TYPICAL SYSTEM HOOK-UP 


Figure 4 shows the 10937 driven by a Host System a as it would 


| _ be connected to a V-F display. EK is determined by the V-F | 
"^. display specifications and RC is selected to provide proper 


biasing current for zeners. Pull down resistors RA and RG are 


с determined by the interconnection capacitance between ше 
10937. апа ше display. | S 


'@ PNT 


J TAIL 


10937 =. бенен усы е С Alphanumeric Display Controller 


DECIMAL 
POINT 


+ 
ТАП. 


“ 


ЕНЕГЕ 


NOTES: 1. Indicates characters that will not look the same as shown on а 14 segment display. 
2. The LSD corresponds to the three least significant bits (0-2) and the MSD corresponds to the next three bits 
(3-5) in Table 2. 


DECIMAL 
POINT 


Figure 3. Display Segment Driver Character Patterns 
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10037 ||| Alphanumeric Display Controller 


HOST | 
SYSTEM | 


SGX RESET 


_TYPICAL 
| ANODE | 
TYPICAL (SEGMENT) 
GRID | 
(DIGIT) | 


--------- V-F DISPLAY 


> m 


- Figure 4. Typical System Schematic 
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Rockwell 


10938. 10939 


_ 10938 AND 10939 | 
DOT MATRIX DISPLAY CONTROLLER 


DESCRIPTION 


The Rockwell 10938 and 10939 Dot Matrix Display Controller | 


is a two-chip MOS/LSI general purpose display controller system 
designed to interface to. dot matrix displays (gas discharge, 
vacuum-fluorescent or LED). | 


The two-chip set will drive displays with up to 35 anodes (dots) 
and up to 20 grids (characters) plus a cursor. The chips can be 
cascaded to drive larger displays of 80 characters or more with 
any number of segments. An internal PLA-type segment decoder 
provides character decoding and dot pattern generation for the 
full 96-character ASCII set. 


ORDERING INFORMATION 


Part ‘Package Temperature 
Number d. Type Й Range 


10938P | Plastic | 0°С to +70°C 
10938РЕ Plastic —40*C to +85°С 
10939P Plastic 0°С to +70°С 


10939РЕ Plastic —40°С to +85°C 


20-CHARACTER 5 x 7 DOT MATRIX DISPLAY 


10938 


ANODE DRIVERS AND LATCHES 
INVERSION . 
ЕУ LOGIC 
8-BIT SHIFT | 
. REGISTER 


FEATURES 


• 20-сћагасјег display driver cascadable to 80 or more 
characters 


Standard 5 x 7 character font. Custom fonts available by ` 
special order 


Separate cursor driver output 
e Direct drive capability for vacuum-fluorescent displays 


e 96 x 35 PLA provides segment ыг for full 96-character 
ASCII set 


e Serial or parallel data input for 8-bit display and control 
characters 

Brightness, refresh rate, and display прав controls 

40-pin DIP 


CURSOR STROO-STR19 


10939 
LIE GRID DRIVERS “i 


CONTROL 
LOGIC 
' SHIFT CLOCK » ШЕ 


Block Diagram of 10938 and 10939 


Document No. 29000D96 
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Data Sheet Order Мо. 096 
Rev. 1, November 1982 


10938 8 10939 ОВТ DAE Dot Matrix Display Controller 
INTERFACE DESCRIPTION 


10938 Pin Functions. Е MES /— 10939 Pin Functions | 


Signal Name: Function ^. "|. Signal Name | Pin №. | ^ - Function 
Мо о. | 2 Power and signal ground Vss 36 2 Power and signal: ground 
5001-6035 | 3-25, 27-38 | Segment driver outputs | Voo | 37 | ОС Power | 
_SCLK-DIS | 39 "Serial data shift - CLOCK 38 Synchronization Clock 
| DATA-LOAD _ 40 Serial data output/latch control CURSOR | 14 Cursor drive output 
Mop | | 1. DC Power | ; MASTER 39 Master/Slave Mode control 
Мав С | 26 Pull down driver voltage | | SIP Е 23.) Syne Input - 
за =. ТТТ x SOP | "E - Sync Output | 
DO-D7 . 6-13 | Serial or parallel data input 
го. (Ра Бо: Input data strobe | 
РОН 24 Power-on reset. 
xt | Да | SCLK-DIS — 1. | Serial data shift clock n 
DATA-LOAD pho a DATA-LOAD 40 Serial data output/latch control 
| SCLK-DIS ^ | 5ТН00-5ТН19. 15-34 Anode Drive Outputs. 
| SG01 be: Magnes, же” жору 5,135 Ри! down driver voltage 
SG02 | S n | | ТЕ CET | 
5603 ы dde | заравњен 
5604 T | ^. SCLK-DIS Г  DATA-LOAD 
3605 TES Vx SOP MASTER 
5606 Kon | SIP “CLOCK 
г ИС | р РОВ = Voo | 
5608 A x 2 | “LD TM 
за с Ж Я 01 STROO 
$611 6 | 02 STRO1 
vnlg К | D3 STRO2 
GG | | s 04 STRO3 
5613 | 05 STRO4 
5014 қ | 06 STROS 
SG15 ще D7 STROG 
SG16 | | CURSOR STRO7 
se STR19 STRO8 
| STR18 STRO9 
10938 Pin Configuration ШЕ! | 5ТН17 STR10 
| | STR16 STR11 
· STR15 STR12 
STR14 STR13 
SPECIFICATIONS | T E ШР 10939 Pin Configuration 
Maximum Ratings 
Parameters ZA . Notes Symbol ` 


Operating Temperature 
Commercial | 
Industrial 

Storage Temperature - 


Operating Voltage. 
Operating Display Voltage 


Power Dissipation (total) 
laa = О MA per driver 
loaa = 2 mA per driver 


Power Dissipation 


| NOTES: 1. Designates characteristics for both 10938 and 10939. 
2. Designates characteristics for 10938. 
3. Designates characteristics for 10939. 


5-12 


710938 & 10990 S ^ — A Dot Matrix Display Controller 


D. c. Characteristics 


Parameters сет 


. Input 00-07, LD, SIP - 
Logic "1" 
Logic "0" | 
опре POR — 
: Logic Да 
Logic "0" 6 
Output SOP 
Logic #4” | 
Logic "0" | | 
Output Digits, Cursor, and Segments 
. Logic "1" (аа = 10 mA) 
Logic "g (Поаа = 0 тА) | 


NOTES: 1. Designates characteristics for both 10938 and 10939. 
2. Designates characteristics for 10938. · 
3. Designates characteristics for 10939. 


A. C. Characteristics 


um E ре р p — 


CLOCK Cycle Time 
- Commercial 
Industrial 


. Display Outputs. ·. У 
(STROO-STR19 and CURSOR) 


SERIAL INTERFACE TIMING 


Serial Clock (D1) | " 
On Time боа | * Tin 
Off Time > | Tscot 
Cycle Time ' | ' Ж. Т.ссус 


бегігі Раја (DO) | | | 
Set-up Time "dh e | | Теа 
Hold Time |^... | Tsnoia 


Serial Clock to LD Time | 


LD to Serial Clock | | ~ 
оаа INTERFACE TIMING 


Parallel Data. (00-07) | ај 
Set-up. Time | | E. ctm 
Hold Time _ | | sd 


Data Load (LD) | s 
On Time | 5 Тізе 
Off Time | "ur | Туан 

Соттегсіа! Е | 
Industrial 
Cycle Time | АК Т\асус 
. Commercial E E 
с Industrial 


"40 pf. maximum load Е 


ҒАН 


10938 & 10939 / 


| SERIAL INTERFACE TIMING WAVEFORMS 


DO 
(DATA) 


PARALLEL INTERFACE TIMING WAVEFORMS 


Dot Matrix Display Controller - 


| 10938 & 10939 


Dot Matrix Display Controller 


Ж FUNCTIONAL DESCRIPTION 


Once the display buffer has been loaded from the host рго- 


. cessor, ће 10938/10939 system generates all timing signals 
| required to cone! the RR 


Input data is loaded into the Display Data Buffer via the Serial 


or Parallel Data Input channel on the 10939. Internal timing 
апа control logic synchronize the digit output signals with the 
. Serial Data and Load signals to the 10938 to provide the 

_ proper timing for the multiplexing operation. A 96 x 35 bit 
PLA is provided for decoding the full 96 character ASCII set. 


Input data is loaded into the 10939 as a series of 8-bit words. 


If the Serial Mode is selected, Input Data lines D2-D7 should 
be Нед down to Мур externally. Raising any one of these lines 
to the Vss level automatically shifts the 10939 into the Parallel 
Моде. Input data may be Control or Display data. The fol- 

lowing paragraphs describe the format and functions of these 
control and display data words. 


CONTROL DATA WORDS | 


Control data words are distinguished from Display Data words 
by the fact that they must be preceded by a Control Prefix 
word (0000 0001 or 01). Control words and their functions 
are defined in Table 1. | | 


| Table 1. 


Е Control Word Assignments 
Hex Value |. | 


. Function 


| Not used 
‘Load 01 into Data Buffer 
‘Not used 
Not used 
Not used | m 
Set digit time to 16 cycles per. grid Е 
Set digit time to 32 cycles per grid . 
| Set digit time to 64 cycles per grid | 4 
| Enable Normal Display Mode (MSBi in data words 
| is ignored) | 
Enable Blank Mode (data words with MSB = 1 
will be blanked) 
Enable Inverse Моде (даја words with MSB = 71' 
will be "inversed") 
Not used 
| Мо! used 
: Not used 
Start Display Refresh Cycle (use. only once after 
. reset) 
Not used 
Not used ! | 
Load Duty Cycle Register with lower 6 bits (0-63) У 
Load Digit Counter (80=32, 81= 1, 82=2, etc.) 
° Not used 
| Load Buffer. Pointer Register with lower 5 bits 
Bi Not used - | | 


Load Buffer Pointer 


The Load Buffer Pointer code sets the Display Data Buffer 
pointer. The lower 5 bits of the code are loaded into the batter 


_ pointer (see Table 2). 


Table 2. Load Buffer Pointer Codes. 


NOTE: DO NOT USE CHARACTER POSITIONS 2031. Mes 


Load Digit Counter 


The Load Digit Counter defines the nutnber of character 
‘positions (grids) to be controlled. This code is normally used · 


only during initialization routines, but it may also be used іп. 


. conjunction with the Load Duty Cycle control code to extend 


the range of brightness control (see Table 3). 


_ Load Duty Cycle - 


The Load Duty Cycle code is used to turn the display on and | 
off, to adjust: display brightness, or to modify display timing. 
The time slot for each character is 16, 32, or 64 cycles as 


. selected by the Load Digit Time codes (see Table 3). The | 


segment. and digit drivers for each character are on fora 
maximum of 13, 29, or 61 cycles with a 3.0 cycle inter- -digit 
off-time. The lower 6 bits of the Load Duty Cycle code аге 
loaded into the Duty Cycle Ве Resultant duty pore 


_ аге shown іп 1996 4. 
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10938 % 10939 


Dot Matrix Display Controller 


Table 3. Load Digit Counter Codes 


Digit | | -No.of Grids. 
Controlled 


Counter Value 


Load Digit Time 


The Load Digit Time codes set the total time for each char- 
acter during the refresh cycle. Three values can be set using 
the three codes shown in Table 1. The default value set at 
power-on is 64 cycles per grid. For displays with 40 or more 
characters, or under conditions where the display can be 
subjected to quick movements during viewing (e.g. portable 
or vehicle-mounted applications), it may be necessary to 
increase the refresh rate by selecting 16 or 3e cycles per grid 
with the appropriate control code. 


Enable Display Mode 


Each ASCII character is represented by the lower seven bits 
of the 8-bit value loaded into the 10939. The eighth (most 
significant) bit is ignored in Normal display mode. If either 
Blank or Inverse mode is selected, however, a "0" in this bit 
selects Normal display mode, while a "1" selects either Blank 
or Inverse mode, depending on which mode is enabled. 
Three control codes are provided (see Table 1) to enable 
blank. mode, enable inverse mode, or enable normal mode. 
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Table 4. Duty Cycle Control Codes 
Digit Time-16. Digit Time=32 .. Digit Time=64 


9 
8 
[4 
6 
5 
4 
3 
3 
3 
3 


In the Blank mode, any character with the MSB="1" will be 


blanked. In the Inverse mode, it will be displayed with all seg- 
ment driver outputs inverted. On video displays, this is referred 
to as "Inverse Video" format. These controls allow individual 
characters or groups of characters to be blinked or blanked 
by simply changing the mode without changing the data in 
the Display Buffer. 


Start Refresh 


At power on, the 10939 is held in an internal Halt mode. The 
normal display refresh sequence starts upon receipt of a. 
Start Refresh control code. This is particularly useful for syn- · 
chronizing systems using more than one 10939. Only the 
Master 10939 in a multi-chip system will recognize the Start 
Refresh code. The Master starts the Slave(s) at the appro- 
priate time, using the SYNCO signal. 


10938 & 10939 
_ INPUT DISPLAY DATA WORDS 


| Е Display data. words are loaded as 8-bit codes. The eighth: 
. (most significant) bit specifies normal (0) or blank/inverse (1). 


display mode, depending on the blank/inverse mode selec- 

‚ tion (see Control data words 09 and ОА in Table 1). Figure 
| 1shows the ASCII codes for the segment редете юга bar- 
x graph display. | | 


.. Twenty display data words must be entered to completely 
load the Display Data Buffer. The Buffer Pointer automati- 
"саћу increments after each data word is stored in the buffer. 


„То select the next character position to be loaded out of _· 


Sequence, use the Load Buffer Pointer command. The Buffer 
Pointer will automatically reset to character position 0 when 
its value is equal to the Digit Counter programmed value. 


.POWER-ON RESET 


. The Power-On Reset (POR) initializes the internal circuits of 
the 10939. This is normally accomplished when power (Voo) 


ШЕ applied. The following conditions are established by appli- | 


| i cation of POR: 


га. Тһе Grid Drivers (STROO- STRI9) on the 10939 are in ие To | 


оп state. 


ср. The Anode Drivers (Ѕаот- 5635) on the 10938 аге inthe .— 


off state. 
с. The Duty Cycle is set 0. _ 
а. The Digit Counter is set to 32. 
. е. The Buffer Pointer is set to 0. 
4. The Digit time is set 10.64. 
9. The Normal display mode is set. — | 
h. DATA-LOAD is set to high impedance state. 


a SCLK- DIS is set to Vo, to disable the segment drivers i їп 22. " > 


. the 10938. 
j. | _ЗОР. is set to Мо, to disable the pne 2 pulse. 


NOTES: 


1. When the POR Доня is removed, SCLK- DIS is set to the Ss 4 и 


| high impedance state. . 


2. During the initial rise time of Vos at power turn-on, the 
magnitude. of Ves. should. not exceed the magnitude of 


Мор. 
DIGIT DRIVERS (STROO-STRI9) PLUS CURSOR. 


E The 20 Digit Drivers select each of the display character 


-positions sequentially during a refresh scan. Display seg- 
. ments will be illuminated when both the Digit Drivers. and 


Segment Drivers for.a particular character аге energized ` | 


simultaneously. The Cursor segment is generated Бу the 
.. 10939, but its timing characteristics are identical to the 16 
v segments generated by the 10938. 


_ SEGMENT DRIVERS (5001-5035) 


| Sixteen Segment Drivers are provided in the 10938. The 
г output states for each ASCII character pattern and each bar- 
graph pattern are internally decoded from the 8-bit charac- 


ters received from the 10939 by means of a 96 x 16-bit PLA. | 


| Data codes and the corresponding of the ASCII patterns are 


.. shown in Figure 1. Data codes and the + corresponding Баг | 


E graph pattems are shown i in Figure = 


Dot Matrix Display Controller E 


о. | Е МИРИЦ № E E Е 
5: ` | A г Ls 
з че г i3 3 ~ 

г © FC өзе s "EC Е : M 


The four least significant bits of the s seven bit ASCII code are. 


‚ shown in hex notation down the left side of: the table. The | 
three most significant bits are shown across the top of the 


с table. 


"Bd 


Figure 1. Dot Matrix Patterns ^ 


10938 81 0939 њен v z | Ы Е | ў | Dot Matrix Display Controller 
| | TYPICAL SYSTEM HOOKUPS - 


E Figure:3 shows a 10938 and a 10939 in a parallel interface 

. with the host system driving a 20 character display. Figure 
4 shows a 10938 and a 10939 in a serial interface with the 
host system driving a 20 character display. Figure 5 shows 
a 10938 and two 10939's interfaced parallel with the host 
system МО а 40 character display. 


Figure 2. 5 x 7 Dot Matrix Assignments 


m FILAMENT 1 
20 CHARACTER VACUUM TUBE. 


FLUORESCENT DISPLAY p "E — FILAMENT 2 


^ . CURSOR | 
| STROO-STR19 


5601-5635 


МАЗТЕЯ -15V (Voo) | 
_DATA-LOAD CLOCK |— N.C. 


. SCLK-DIS 
HOST SYSTEM 


Figure 3. Typical Display System with Parallel Interface to Host System 


: ue FILAMENT 1 
20 CHARACTER VACUUM TUBE. | "MN 
FLUORESCENT DISPLAY FILAMENT 2 


CURSOR 
| STROO-STR19 


$G01-SG35 


-15V 
+5V 
-45У | 
| — -15V (Voo) 
DATA-LOAD ` У : we 


LATCH SERIAL DATA 
^. CLOCK 


HOST SYSTEM 


Figure 4. Typical Display System with Serial Interface to Host System 


0938 & 10939 + 2~ | Dot Matrix Display Controller А 


40 CHARACTER VACUUM TUBE . FILAMENT 2022220 


FLUORESCENT DISPLAY —— FILAMENT2. | 


+ SG01-SG35 среды 
| STROO-STR19 | STROO-STR19 


-15V 


45V 
-45М 


| Master 
скоск 10939 (SLAVE) | 


DATA-LOAD 


SYSTEM 


Figure 5. Typical Display System with Parallel! Interface to Host and Two 10939 Devices 
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Rockwell 


DESCRIPTION 


The Rockwell 10939, 10942, and 10943 Dot Matrix Display 
Controller is a гее-стр MOS/LSI general purpose display con- 


troller system designed to interface to dot matrix displays (gas 
discharge, vacuum-fluorescent or LED). 


The three-chip set will drive displays with up to 46 anodes (dots) 

and up to 20 grids (characters) plus a cursor. The chips can be 

cascaded to drive larger displays of up to 80 characters with 

any number of segments. An internal PLA-type segment decoder 

provides character decoding and dot pattern generation for the 
full 96-character ASCII set. | | 


^ ORDERING INFORMATION 


Part | Temperature 
Number | |n Range 


10939P Plastic 
10939PE Plastic 
10942P Plastic 
10942PE Plastic 
10943P Plastic 
10943PE Plastic 


0°C to +70°С - 
—40°С 10 +85°С 

0°С to +70°С 
—40°С to +85°С 

0°С to +70°С 
—40°С 10 +85°С 


` ` 10939. 10942 - 10943 


| 10939, 10942, & 10943 
DOT MATRIX DISPLAY CONTROLLER 


FEATURES 


e 20-character display driver cascadable to 80 characters 


е Standard 5 x 12 character font. Custom fonts available Бу. 


special order 
e Separate cursor driver output 
e Direct drive capability for vacuum-fluorescent displays 


e Two 96 x 23 PLA's provide segment decoding for full 96-. 
character ASCII set 


e Serial or parallel data input for 8-bit display and control 
characters | 


e Brightness, refresh rate, and display mode controls 
e 10939 provided in 40-pin DIP 
e 10942 and 10943 provided in 28-pin DIP 


20-CHARACTER 5 x 12 DOT MATRIX DISPLAY 


ANODE DRIVERS AND LATCHES 


INVERSION 

LOGIC LEVEL 
DETECT 

96 x 23 PLA 


8-BIT SHIFT REGISTER 


CONTROL 
LOGIC 


5901-5023 


ANODE DRIVEHS АМО LATCHES 


INVERSION 
1 
LEVEL Le 
DETECT 
96 x 23 PLA 


8-BIT SHIFT REGISTER 


3.73. 


| STROO-STR19 


Block Diagram of 10939, 10942, 10943 


Document No. 29000D99 


Data Sheet Order No. D99 
March 1983 


10939, 10942, & 10943 


_ INTERFACE DESCRIPTION 
ПЕ ей 10942 and 10943 Pin Functions 
Siga ans | 


Мор 
Vss 
5601-5623 


.. Function | 
.DC Power A MN 
| Power and signal ground 
Segment (Anode) driver outputs 


_ 3-17 19-26 | 


Усс 18 Pull down driver voltage 
SCLK-DIS ` 27 . Serial data shift 
28 


| DATA-LOAD | Serial data output/latch control 


28 [']DATA-LOAD 
27 [IscLK-DIS. 


2210942 and 10943 
Pin Configurations 


SPECIFICATIONS | 
_ Maximum Ratings. 

. Parameters 

Operating Temperature 2 
" Commercial 
Industrial 

Storage Temperature 


Operating Voltage : 
| Operating Display Voltage 
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_ Signal Name 


STROO-STR19 


Vac 


Dot Matrix Display Controller 


2210939 Pin Functions . 


Function vid 


Power and signal ground 
DC Power 


Synchronization Cloc 

Cursor drive output 
Master/Slave Mode control 
Sync Input app 
Sync Output 5, 
Serial or parallel data input 
Input data strobe | | 
Power-on reset | 

Serial data shift clock 

Serial data output/latch control 
Anode Drive Outputs | 

Pull down driver voltage 


1 DATA-LOAD 
2 MASTER 
3 38 1 CLOCK 
4 37 Мр © 
5 36 D Vss 
6 35 П Vac 
7. 34 р STROO 
Lp 33 р. STRO1 
9 р $1802 .. 
· De  5Т803 
DS STRO4 
06 “STROS. 
| рт STROG 
CURSOR STRO7 
"  STRI9 STROS . . 
.STR18 | $7809 _ 
'STR17 STR10. 
STR16 STR11 
. STRIS STR12 
_ 5ТР14 _ STR13 


10939, 10942, & 10943 _______- | _ Dot Matrix Display Controller 


D.C. Characteristics (Мор = —18 іо —22 Мас, Vss = — 0 Vdc, unless otherwise noted.) 
Parameter | | у 


10942 & 10943 
Output Segments 

Logic “4” (Подо =2 mA) 

Logic “0” (подо = 2 mA) 


10939 | 

Input DO- D7, LD, ‘SIP 
‘Logic “1” 
Logic “0” 

Input POR _ 
Logic 71" | 
Logic “0” 

Output БОР 
Logic "1" 
Logic “0” 

. Output Digits, Cursor 
Logic “1” (ligag = 10 mA) 
Logic "0" („аа = 0 mA) 


Note: TA = 0°C to +70°С коше) or -40C to +85°С (industrial), unless otherwise noted. 


©. Operating Currents | 
E aes | махітит ———— | Typical | Units. 
оште и j| ^ Industrial Commercial ӘРІРЕК m 
min 2% ТА = – 40° | ТА = 0°С С ^ TA = 25°C 
Мр = —22Vdc : Vpp = —22Vdc е j Мр = —20\Уас. 


10942 & 10943 _ 


10939 (slave) 


150 


3 
las! ) 


Notes: 

1. The 10942 and 10943 each have 35 internal driver outputs, 23 of which are brought out. lac is proportional to не number of drivers 
on. The values given are for all 35 drivers on. Divide lac shown by 35 to determine lag for one driver. 

2. The 10939 will never have more than two drivers on at any one time; one grid driver and the cursor. The values shown are for Мо. 
drivers on with 100% duty cycle. | б i E | x 

3. Iss = lop + lee + бул (lovr = 35xlioap) — - | | | | 
Example: For 10939 and 10943 (ТА = -40%С and Vbo = -22V): 

155 = СЕ НЕ a Во mA. | 
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10939, 10942, & 10943 | Dot Matrix Display Controller 
A.C. Characteristics 


CLOCK Cycle Time Tcyc 
Commercial | 
Industrial 

Display Outputs О T stort 
(STROO-STR19 and CURSOR) T ston 

* Data Load (LD) 

On Time Tidon 

Off Time Tidott 
Commercial 
industrial 

Cycle Time Тіасус 
Commercial 
Industrial 


SERIAL INTERFACE TIMING 

Зепа! Clock (01) 
On Time ан 
ОК Тіте Tscott 
Cycle Time 

Serial Data (DO) 
Set-up Time Tssetup 
Hold Time | Tshold 

Serial Clock to LD Time Та 

LD to Serial Clock Tis 


PARALLEL INTERFACE TIMING 

Parallel Data (DO-D7) 
Set-up Time T psetup 
Hold Time T phold 


T sccyc 


* 40 pf. maximum load capacitance. 


SERIAL INTERFACE TIMING WAVEFORMS 


Тассув 
Топа Тасон 


01 
(SERIAL CLOCK) – 


m 7, --| 
т.а Tiaott ЭН 


Тыр! Tshold 


perl 
И «m m mm 


PARALLEL INTERFACE TIMING WAVEFORMS 
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FUNCTIONAL DESCRIPTION 


Once the display buffer has been loaded from the host pro- 
cessor, the 10939, 10942, and 10943 system generates all 
timing signals required to control the display. 


Input data is loaded into the Display Data Buffer via the Serial 
or Parallel Data Input channel on the 10939. Internal timing and 
control logic synchronize the digit output signals with the Serial 
Data and Load signals to the 10942/10943 to provide the proper 
. timing for the multiplexing operation. Two 92 x 23 bit PLA's, 
one in the 10942 and the other in the 10943, decode the full 96- 
character ASCII set. 


Input data is loaded into the 10939 as a series of 8-bit words. 
_ If the Serial Mode is selected, Input Data lines D2-D7 should be 
tied down to Vpp externally. Raising. any one of these lines to 
"ће Vss level automatically shifts the 10939 into the Parallel 
Mode. Input data may be Control or Display data. The following 
. paragraphs describe the format and functions of these. control 
and display data words. 


CONTROL DATA WORDS | 
Control data words are distinguished from Display Data words 


E ` by the fact that they must be preceded by a Control Prefix word 
"(0000 0001 or 0146). Control words and their functions are. 


defined in Table 1. 


Table 1. Control Word Assignments - 


Hex Value Function 
00 Not used 
01 Load 01 into Data Buffer 
02 Not used 
03 Not used 
04 Not used 
05 Load Digit Time to 16 cycles per grid 
06 Load Digit Time to 32 cycles per grid 
07 Load Digit Time to 64 cycles per grid 
08 ‚ Enable Normal Display mode (MSB in data words is 
ignored) 
09 Enable Blank Mode (data werd with MSB = 1 will 
be blanked) 
0A Enable Inverse Mode (data words with MSB = 1 will 
be "inversed") 
0B Not used 
oC Not used 
00 | Not used у 
ОЕ | Start Display Refresh Cycle fies a once after 
: reset) 
. OF - Not used 


10-3F Not used 

. 40-7F ` Load Duty Cycle Register 

 80-9F Load Digit Counter (80-32, 81 =1, 82-2, etc.) 
АО-ВЕ Мог ивед 
CO-DF Load Buffer Pointer Register with lower 5 bits 
EO-FF Not used 


5-24 — 


Dot Matrix Display Controller 


Load Buffer Pointer 


The Load Buffer Pointer code sets the Display Data Buffer 
pointer. The lower 5 bits of the code are loaded into the buffer 
pointer (see Table 2). 


Table 2. Load Buffer Pointer Codes. 


Code .- A Pointer Character 
Уаше - Маме Position 
со | 00. 0 

C1 | 2 01 1 

C2 | 02 2 
C3 03 3 
С4 04 4 

C5 05 Б, 
C6 06 6 
C7 07 Ра 
C8 08 28 
C9 09 9 
СА ОА 10 
СВ 0B 11 

CC 0C 12 
CD ‚ 00 13 
СЕ ОЕ 14 
СЕ OF 15 

DO 10 16 

D1 11 17 

D2 12 18 
D3 13 19 
D4 14 20 

05 15 21 

06 16 22 

07 17 23 | 
08 Г , 18 24 

| D9 19 |... 25 & NOT 
ОА 1А 26 | USED 
DB 1B 27 
DC 1C 228 
DD 1D 29 
DE 1E 30 
DF 1F 31 


Note: Do not use character positions 20-31. 


Load Digit Counter 


The Load Digit Counter defines the number of character posi- 
tions (grids) to be controlled. This code is normally used only 
during initialization routines, but it may also be used in con- 
junction with the. Load Duty Cycle control code to extend the 
range of опо Ра Sono, (see Table 3). 


Load Duty Cycle 


The Load Duty Cycle code is used to turn the display 5 on and 
off, to adjust display brightness, or to modify display timing. The 


time slot for each character is 16, 32, ог 64 cycles as selected 


by the Load Digit Time codes (see Table 1). The segment and - 
digit drivers for each character are on for a maximum of 13, 29, 


ог 61 cycles with a 3.0 cycle inter-digit off-time. The lower 6 bits 


of the Load Duty Cycle code are loaded into the Duty Cycle 
Register. Resultant duty cycles are shown in Table 4. 


10939, 10942, & 10943 


Table 3. Load Digit Counter Codes | 


Digit No. of Grids - 
Counter Value Controlled . 


Load Digit Time 


The Load Digit Time codes set the total time for each character 
during the refresh cycle. Three values can be set using the three 
codes shown in Table 1. The default value set at power-on is 
64 cycles per grid. For displays with 40 or more characters, or 
under conditions where the display can be subjected to quick 
movements during viewing (e.g. portable or vehicle-mounted 
applications), it may be necessary to increase the refresh rate 


by selecting 16 or 32 cycles per grid with the appropriate control 


code. 


Enable Display Mode 


Each ASCII character is represented by the lower seven bits of 


the 8-bit value loaded into the 10939. The eighth (most signifi- 


cant) bit is used to turn the cursor on in Normal display mode.. 


If either Blank or Inverse mode is selected, however, a "0" in 
this bit selects Normal display mode, while a “1” selects either 
Blank or Inverse mode, depending on which mode is enabled. 


Three control codes are provided (see Table 1) to enable blank 


mode, enable inverse mode, or enable normal mode. 
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Table 4. Duty Cycle Control Codes 


Code | Digit Time=16 | Digit Time=32 | Digit Time=64 


40 == 64 
41 — | 32 | — 64 
42 = 32 = 64 
43 1 31 1 63 
44 2 30 2 62. 
45 3 29 3 61 
46 4 28 4 |. 60 
247 25 27. 5 59 
48 6 26 ^6 58 
49 7. 9 25 7 57. 
4А в. 8 | 24 8 | 56 
4В 9 7 23 9 55 
4C 6 22 10 54 
4D 5 21 11 53 
4E 4 20 12 52 
4F 3 19 13 51 
50 3 18 14 50 
_ 51 3 17 15 49 
52 3 16 16 48 
ы 15 17 47 
5B 7 25 39 
5С 6 26 38 
5р 5 27 37. 
БЕ 4 28 36 
БЕ 3 29.| 35 
60 3 30 34 
3 31 33 
" 32 2382 
7С á 58 6 
7D d 59 5 
ТЕ 3 60 4 
ТЕ " 61 3 


In the Blank mode, any character with the MSB=“1” will be 
blanked. In the Inverse mode, it will be displayed with all seg- 
ment driver outputs inverted. On video displays, this is referred 
to as "Inverse Video" format. These controls allow individual 
characters or groups of characters to be blinked or blanked by - 


_ simply changing the mode without changing the data in the Dis- 
play Buffer. 


Start Refresh 


“At power on, the 10939 is held іп an internal Halt mode. The 


normal display refresh sequence starts upon receipt of a Start 
Refresh control code. This is particularly useful for synchro- 
nizing systems using more than one 10939. Only the Master 
10939 is a multi-chip system will recognize the Start Refresh 
code. The Master starts the Slave(s) at the appropriate time, 
using the SYNCO signal. 


10939, 10942, & 10943 — — 
INPUT DISPLAY DATA WORDS 


Display data words: are loaded as 8-bit codes. The eighth (most 
significant) bit (bit 7) is a dual purpose bit. This bit specifies 


" normal (0) or blank/inverse (1) display mode, depending on the 


blank/inverse mode selection (see control data words 09 and 
ОА in Table 1). Bit 7 also controls the cursor output from the 
10939; on (1) or off (0). Note, however, that this bit always con- 
trols the cursor no matter what display mode is selected. | 


Twenty display data words must be entered to completely load 
the Display Data Buffer. The Buffer Pointer automatically incre- 
ments after each data word is stored in the buffer. To select the 
next character position to be loaded out of sequence, use the 


Load Buffer Pointer command. The Buffer Pointer will auto- | 
matically reset to character position 0 when its value is equal 


to the Digit Counter programmed value. 


DIGIT DRIVERS (STROO-STR19) PLUS CURSOR 


The 20 Digit Drivers select each of the display character рові- | 
tions sequentially during a refresh scan. Display segments will 
be illuminated when both the Digit Drivers and Segment Drivers. 


for a particular character аге energized simultaneously. The 


Cursor segment is generated by the 10939, but its timing char- 
acteristics are identical to the 46 segment outputs опас Бу 


the 10942 and the 10943. 


SEGMENT DRIVERS (5001-5623) 


46 Segment Drivers are provided by the 10942 and the 10943. 
The output states for each ASCII character pattern are internally 
decoded from the 8-bit characters received from the 10939 by 
means of two 96 x 23-bit PLA's, one in the 10942 and the other 
in the 10943. Data codes and the corresponding ASCII patterns 
are shown in Figure 1. 


SEGMENTS 
DRIVEN BY 
10942 


SEGMENTS 
‘DRIVEN BY 
10943 
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POWER-ON RESET . . 


The Power-On Reset (POR) initializes the internal circuits of the 
10939. This is normally accomplished when power (Мор) is. 
applied. The following conditions are established by application 
of POR: 


a. The Grid Drivers (STROO-STR19) on the 10939 are in the off 
state. | 


. b. The Anode Drivers, SG01-SG23 on the 10942 and 5601- 


SG23 on the 10943, are in the off state. 
. The Duty Cycle is set to 0. 
. The Digit Counter is set to 32. 
. The Buffer Pointer is set to O. 
The Digit time is set to 64. 
. The Normal display mode is set. 
. DATA-LOAD is set to high impedance state. 
SCLK-DIS is set to. Vo, to disable the segment drivers in the 
10942 and 10943. 
j. SOP is set to Vo, to disable the sync pulse. - 


NOTES: 

1. When the POR signal is removed, SCLK-DIS is зе! to the 
high impedance state. 

2. During the initial rise time of Мрр at power turn-on, the mag- 
nitude of Мес should not exceed the magnitude ог Мор, 


= о 7^ oad 


| TIE THESE FIVE TOGETHER"! - 


Note: 


1. DRIVEN BY CURSOR LINE OF 10939. 


Figure 2. 5 x 12 Dot Matrix Assignments 


10939, 10942, & 1094343: j | PU Dot Matrix Display Controller 


Figure 1. Dot Matrix Patterns 
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Figure 1. Dot Matrix Patterns (Cont.) 
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TYPICAL SYSTEM HOOKUPS 


Figure 3 shows a 10939, 10942, and a 10943 in a parallel inter- 
face with the host system driving a 20-character display. Figure 
4 shows a 10939, 10942, and a 10943 in a serial interface with 

- the host system driving a 20-character display. Figure 5 shows 

. two 10939's, a 10942, and а 10943 interfaced parallel with the · 
host system driving a 40-character display. 


ИСТ Re. ate. № FILAMENT 1 
20-CHARACTER 5 x 12 DOT MATRIX VACUUM FLUORESCENT DISPLAY — - 
| | | | ut FILAMENT 2 


5601-5623 


у 
и м. 


м Ем 
«| |+ TT" ы 


MASTER 
CLOCK 


- -15V (Мор) 
NC. — 


CURSOR 
STROO-STR19 


- — HOST SYSTEM 


Figure 3. Typical Display System with Parallel Interface to Host System 
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FILAMENT 1 


20-CHARACTER 5 x 12 VACUUM FLUORESCENT DISPLAY: | 
FILAMENT 2 


`/ SG01-SG23 


Мро 


е ———— da sis 
г, М | у 


‚51Р 


—15V (Уор) : MASTER L— -15У (Voo) 
т CLOCK N.C. SUBSOR 


STROO-STR19 


LATCH SERIAL DATA ' 
_ CLOCK 


HOST SYSTEM 


Figure 4. Typical Display System with Serial Interface to Host System 
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Т | "EU FILAMENT 1. | 
40-CHARACTER 5 x 12 DOT MATRIX VACUUM FLUORESCENT DISPLAY а 
| FILAMENT 2 


5601-5623 
^| 8601-5623 


р DATA-LOAD 


+5V | 


шиба аја 


SCLK-DIS DATA- DATA-LOAD SCLK-DIS 
SOP SIP 
е к сс | 
' MASTER 
10939 (MASTER) 10939 (SLAVE) 


CURSOR CURSOR 
STROO-STR19 


00-07 РОВ ` 
CURSOR 


STROO-STR19 


HOST SYSTEM 


Figure 5. Typical Display System with Parallel Interface to Host and Two 10939 Devices 
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Rockwell 


DESCRIPTION 


The Rockwell 10939 and 10941 Alphanumeric and Bargraph 
Display Controller is a two-chip MOS/LSI general purpose dis- 
play controller system designed to interface with bargraph and 
segmented displays (gas.discharge, vacuum-fluorescent or LED). 


The two-chip set will drive up to 20 segments and up to 20 grids 
(characters) plus a cursor. The chips can be cascaded to drive 
larger displays of 80 characters or more. Segment decoding for 
ASCII characters or the bargraph patterns is accomplished 
through an internal PLA. | | 


." «'. ORDERING INFORMATION 


| Pat 00 Package | | Temperature 
` Number | Туре Range — | 


10941Р · Plastic | 0°С to +70°С 
10941РЕ Plastic | —40°С 10 +85°С 
10939Р Plastic 0°C to +70°C 
10939PE Plastic —40°C to +85°C 


10941 


“ SEGMENT DRIVERS AND LATCHES 
INVERSION 
LOGIC 
96 x 16 PLA 
8-BIT SHIFT 
REGISTER 


10941 • 10939 


10941 АМО 10939 


ALPHANUMERIC AND BARGRAPH 
DISPLAY CONTROLLER 


FEATURES 


20-character display driver cascadable to 80 or more 
characters ——— | 
Direct drive capability for vacuum-fluorescent displays 


e 96 x 16 PLA provides segment decoding for ASCII charac- 


20-CHARACTER 16-SEGMENT ALPHANUMERIC OR BARGRAPH DISPLAY 


| CONTROL 
LOGIC 
SHIFT CLOCK 


ters (all caps only) and bargraph patterns 

Serial or parallel data input for 8-bit display and control 
characters 

Brightness, refresh rate, and display mode controls 
Separate cursor driver output 

10939 comes in 40-pin DIP 

10941 comes in 24-pin DIP 


"-—- 3 — 


10939 
NNI NM 


Block Diagram of 10941 and 10939 - 


Document No. 29000D97 
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10941 8 10939 - uk ү, Alphanumeric and Bargraph Display Controller 


INTERFACE DESCRIPTION 


10941 Pin Functions " Е 10939 Pin Functions 


Signal Name . | Рп №. | 


Function 


Power and signal ground 
DC Power Ж 
Synchronization Clock 
Cursor drive output 
· Master/Slave Mode control 
Sync Input 
Sync Output 
Serial or parallel data input 
" Input data strobe 
Power-on reset. 
Serial data shift clock 
Serial data output/latch control 
Anode Drive Outputs | 
Pull down driver voltage 


Vas 2 Power and signal ground 
SG01-SG16 6-15, 17-22 | Segment driver outputs 


‚ SCLK-DIS 23 Serial data shift 

DATA-LOAD 24 Serial data output/latch control 
Voo 1 DC Power 

Мес 16 Pull down driver voltage 


DATA-LOAD 
STROO-STR19 
Vec 


DATA-LOAD 
SCLK-DIS 
5601 

$602 


Vbo 
Vss 
NOT USED 
NOT USED 


NOT USED 5603 SCLK-DIS DATA-LOAD 
SG16 5604 $ОР . MASTER 
SG15 5а05 SIP CLOCK 
5214 | 5206 РОВ Ув: 
$613 Vac LD 3 Vss 
5612 $607 DO = 

Ри 03 STRO2 . 

10941 Pin Configuration D4 STRO3 
| | 95 ` STRO4 . 

D6 STR05 

I D7 STROG 

CURSOR STR07 : 

STR19 STROS 

STR18 | STROS 

STR17 | STR10 

STR16 STR11 

STR15 STR12 . 

STR14 STR13 

SPECIFICATIONS | 10939 Pin Configuratio 


Maximum Ratings 


Parameters 


Operating Temperature 
‘Commercial 
Industrial 

Storage Temperature 


Power Dissipation (total) 
laa = О mA per driver 
оаа = 2 mA per driver 


NOTES: 1. Designates characteristics for both 10941 and 10939. 
| 2. Designates characteristics for 10941. 
3. Designates characteristics for 10939. 
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D.C. Characteristics 


Parameter _ 
Input DO-D7, LD, SIP 
Logic "1" ` 
Logic "О" _ 


Input POR as. ) 
Logic "1" | 
. Logic "o" m" 
| | 
1 : 


Output SOP 

Logic "1" 

Logic қ” | 
Output Digits, Cursor, and Segments 

Logic "1" (поза = 10 mA) 

Logic "О" (15а = 0 mA) | 
NOTES: 1. Designates characteristics for both 10941 and 10939. 
2. Designates characteristics for 10941. 

3. Designates characteristics for 10939. 


A.C. Characteristics 
Parameter 


CLOCK Cycle Time 
Commercial 
Industrial | 


Display Outputs 
(STROO-STR19 and CURSOR) 


SERIAL INTERFACE TIMING 

Serial Clock (D1) 
On Time 3: Fescon 
Off Time с | Tos 
Cycle Time D Дү, | Тәуе 


Serial Data (DO) 
Set-up Time Tssetup 
Hold Time | | Tsnoia 


Serial Clock to LD Time 


LD to Serial Clock 
PARALLEL INTERFACE TIMING 


Parallel Data (00-07). 
Set-up Time T osetup 
Hold Time | - Tonoa 


Data Load (LD) | 
On Time | ИС m 
Off Time Tisch 
" Commercial | 
Industrial | 

Cycle Time _ | Nass 
‘Commercial | | 
Industrial 


*40 pf. maximum load capacitance. 
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SERIAL INTERFACE TIMING WAVEFORMS 


PARALLEL INTERFACE TIMING WAVEFORMS 


Tpsetup | 
| Tphold 


10941 & 10939. 


FUNCTIONAL DESCRIPTION 


· Once the display buffer has been loaded from the host pro- 


cessor, the 10941/10939 system generates all timing 19198 
required to control the display. 


Input data is loaded into the Display Data Buffer via the Serial 
ог Parallel Data Input channel on the 10939. Internal timing 
and control logic synchronize the digit output signals with the 

Seria! Data and Load signals to the 10941 to provide the 

proper timing for the multiplexing operation. A 96 x 35 bit 

PLA is provided for deceaing the full 96 ен ASCII set. 


Input data і is loaded into the 10939 asa series of 8-bit words. 
„И the Serial Mode is selected, Input Data lines D2- D7 should 
` be tied down to Мр; externally. Raising any one of these lines 


to the Vss level automatically shifts the 10939 into the Parallel . | 


Mode. Input data тау be Control or Display data. Тһе fol- . 


lowing paragraphs describe the format and functions of these 
control and display data words. | | 


CONTROL DATA WORDS 


Control data words are distinguished from Display Data words 
Бу the fact that they must be preceded by а Control Prefix 


мога (0000 0001 ог 01.5). Control words and their functions а 


are defined іп Table 1. 


. Table 1. 
Hex Value 


Control Word Assignments 


Function 


Not used 
Load 01 into Data Buffer 

‘Not used — 

Not used 

Not used 

Set digit time to 16 cycles per grid 

Set digit time to 32 cycles per grid 

Set digit time to 64 cycles per grid | 
Enable Normal Display Mode (MSB іп data words 
is ignored) | 
Enable Blank Моде. (data words with MSB em] 
will be blanked) | 
Enable Inverse Mode (data words with MSB = 1 
will be "inversed") 

Not used 

Not used 

Not used | 
Start Display Refresh суйе (use о опсе after 
reset) 

Not used . 

Not used 

Load Duty Cycle Register with lower 6 bits (0-63) 
Load Digit Counter (80=32, 81=1, 82=2, etc.) 
Not used 

Load Buffer Pointer resizer with lower 5 bits 

Not used 
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Load Buffer Pointer 


The Load Buffer Pointer code sets the Display Data Buffer 
pointer. The lower 5 bits of the code are loaded into ше buffer 
pointer (see Table 2). 


.. Table 2. Load Buffer Pointer Codes 


Pointer Character 


Position 


- о 


о о оо оомо 


NOTE: DO NOT USE CHARACTER POSITIONS 20-31. 


Load Digit Counter 


The Load Digit Counter defines the number of character 
positions (grids) to be controlled. This code is normally used 


only during initialization routines, but it may also be used in 
° conjunction with the Load Duty Cycle control code to extend 


the range of brightness control (see Table 3). 


Load Duty Cycle 


The Load Duty Cycle code is used to turn the display on and 
off, to adjust display brightness, or to modify display timing. 
The time slot for each character is 16, 32, or 64 cycles as 
selected by the Load Digit Time codes (see Table 3). The 
segment and digit drivers for each character are on for a 
maximum of 13, 29, or 61 cycles with a 3.0 cycle inter-digit 
off-time. The lower 6 bits of the Load Duty Cycle code are 
loaded into the Duty Cycle Register. Resultant duty cycles 
are shown in Table 4. 


710941 8 10939 _ 


Table 3. Load Digit Counter Codes 


g Digit No. of Grids 
Code Counter Value | Controlled 
80 00 32 
81 01 1 
82 02 2 
83 03 3 
84 04 4 
85 05 5 
86 06 26 
87 07 7 
88 08 - 8 
89 09 9 
ВА ОА 10 
8В ов 11 
8С "e 12 
8D 00 13 
ВЕ ОЕ 14 
ВЕ ОЕ 15 
90 10 16 
91 11 17 
92 12 18 
93 13 19 
94 14 20 
95 15 21 
96 16 22 
97 17 23 
98 18 24 
99 19 25 
ЗА ТА 26 
9B 1В 27 
9C 1C 28 
9D 1D 29 
9E 1E 30 
9F 1F 31 


Load Digit Time 


The Load Digit Time codes set the total time for each char- 
acter during the refresh cycle. Three values can be set using 


the three codes shown in Table 1. The default value set at 


power-on is 64 cycles per grid. For displays with 40 or more 
characters, or under conditions where the display can be 
subjected to quick movements during viewing (e.g. portable 
or vehicle-mounted applications), it may be necessary to 
increase the refresh rate by selecting 16 or 32 cycles per grid 
with the appropriate control code. 


Enable Display Mode 


Each ASCII character is represented by the lower seven bits 
of the 8-bit value loaded into the 10939. The eighth (most 
significant) bit is ignored in Normal display mode. If either 
Blank or Inverse mode is selected, however, a "0" in this bit 
selects Normal display mode, while a "1" selects either Blank 
or Inverse mode, depending on which mode is enabled. 
Three control codes are provided (see Table 1) to enable 
blank mode, enable inverse mode, or enable normal mode. 


5-37 


Alphanumeric and Bargraph Display Controller 


Table 4. Duty Cycle Control Codes 


Code | Digit Time=16 Digit Time-32 Digit Time=64 
| n On Off On . Off 

40 | — 16 — 32 — 64 
41 — 16 — | 32 — 64 
42 — 16 — 32 — 64 
43 1 15 1 31 1. 63 
44 2 14 2 30 2 62 
45 3 13 3 29 3 .|. 61 
46 4 | 12 4 28 4 60 
47 |. 5 | 11 5 27 5 59 
48 6 10 6 26 6 | 58 
49 | 7 | 9 7 25 7 | 57 
4A | 8 8 8 | 24 8 56 
4В 9 7 9 23 9 55 
4C 10 6 10 22 10 54 
4D 11 5 11 21 11. 53 
4E 12 4 12 20 12 52 
4F 13 3 13 19 13 51 
50 13 3 14 18 14 50 
51 13 3 | 15 17 15 49 
52 13 3 | 16 16 16 48 
а 2 17 15 17 47 

5B a и 25 7 25 | 39 
5C | A 26 6 26 | 38 
50 4 " 27 5 27 37 
5E " a 28 4 | 28 36 
БЕ у т 29 3 | 29 35 
60 2 в 29 3 30 34 
Қ ái 29 3 31 33 

tt " с ” n 32 32 

7С s 2 i й 58 6 
70 и = " n " 59 K 5 
7E " " ” " 60 4 
ТЕ А 4 2 61 | 3 


In the Blank mode, any character with the М5В="1" will be 
blanked. In the Inverse mode, it will be displayed with all seg- 
ment driver outputs inverted. On video displays, this is referred 
to as "Inverse Video" format. These controls allow individual 
characters or groups of characters to be blinked.or blanked 
by simply. changing the mode without enenging the data п 
the Display Buffer. 


Start Refresh | 


At power on, the 10939 1 is held in an internal Halt mode. The 
normal display refresh sequence starts upon receipt of a 
Start Refresh control code. This i is particularly useful for syn- 
chronizing systems using more than one 10939. Only the 
Master 10939 in a multi-chip system will recognize the Start 
Refresh code. The Master starts the Slave(s) at the appro- 
priate time, using the SYNCO Signal. 


10941 & 10939 | 


INPUT DISPLAY DATA WORDS. 


Display data words are. loaded: as 8-bit codes. The eighth 
(most significant) bit specifies normal (0) or blank/inverse (1) 


display mode, depending on the blank/inverse mode selec- 


tion (see Control data words 09 and OA in Table 1). Figure. 
1 shows the ASCII codes for the segment patterns for a bar- | 


graph display. 


Twenty display data words must be entered to completely 
load the Display Data Buffer. The Buffer Pointer automati- 
cally increments after each data word is stored in the buffer. 


To select the next character position to be loaded out ог 
sequence; use the Load Buffer Pointer command. The Buffer. 
Pointer will automatically reset to character position 0 when. 


its value is equal to the Digit Counter programmee value. 
POWER-ON RESET | 


Тһе Power-On Reset (POR) initializes the internal circuits of 
the 10939. This is normally accomplished when power (Vor) 
is applied. The following conditions are established by appli- 
cation of POR: 


а. Тће Grid Drivers [iur 9) on the 10939 are in the 


off state. 


b., The Segment Drivers (5901- 5016) | оп ће 10941 аге іп 
the off state. | 


. The Duty Cycle is set to 0. 

. The Digit Counter is set to 32. 

. The Buffer Pointer is set to 0. 
The Digit time is set to 64. 

. The Normal display mode is set. 

. DATA-LOAD is set to high impedance state. 
SCLK-DIS is set to Vo, to disable the segment drivers in 
the 10941. 

ј. ЗОР в set to Vo, to disable the sync pulse. 

NOTES: ` 

1. When the POR signal is removed, SCLK-DIS is set to the 


high impedance state. 
2. During the initial rise time of Voo at power turn-on, the 


~ ran no со 


у magnitude of Veg should not exceed the magnitude of | 


Vopn. 
DIGIT DRIVERS (STROO-STR19) PLUS CURSOR 


The 20 Digit Drivers select each of the display character 
positions sequentially during a refresh scan. Display seg- 
ments will be illuminated when both the Digit Drivers and 
Segment Drivers for a particular character are energized 


simultaneously. The Cursor segment is generated by ће _ 


10939, but its timing characteristics are identical to the 16 
segments generated by the 10941. 


SEGMENT DRIVERS (SG01- 5016) | 


Sixteen Segment Drivers are provided in the 10941. The 
output states for each ASCII character pattern and each bar- 
graph pattern are internally decoded from the 8-bit charac- 
ters received from the 10939 by means of a 96 x 16-bit PLA. 
Data codes and the corresponding of the ASCII patterns are 
shown in Figure 1. Data codes and the corresponding bar- 
graph patterns are shown in Figure 2. 
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Figure 2. 10941 Bargraph PLA Codes 


10941 & 10939 Аірһапитегіс and Bargraph Display Controller 


TYPICAL SYSTEM HOOKUPS 


Figure 3 shows a 10941 and а 10939 іп a parallel interface host system driving a 20 character display. Figure 5 shows 
with the host system driving а 20 character display. Figure — .& 10941 and two 10939's interfaced parallel with the host 
4 shows a 10941 and a 10939 in a serial interface with the | system driving а 40 character display. 


FILAMENT 1 


20 CHARACTER VACUUM TUBE | | 
FLUORESCENT DISPLAY зи ERN FILAMENT 2 


CURSOR 
STROO-STR19 


$G01-SG16 


-15У 
45V 
-45У 

| МАЗТЕЯ -15У (Мос) 

. DATA-LOAD 


CLOCK N.C. 


Figure 3. Typical Display System with Parallel Interface to Host System 


FILAMENT 1 


, FILAMENT 2 


CURSOR 
STROO-STR19 


5601-5616 
-15V 


+5V 
-45V 


-1 5V (Voo) 
DATA-LOAD N.C. 


LATCH SERIAL DATA 
CLOCK. 


HOST SYSTEM 


Figure 4. Typical Display System with Serial Interface to Host System 
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40 СНАВАСТЕЋ МАСЏИМ ТОВЕ 
FLUORESCENT DISPLAY 


5601-561 | УНИ 
вова STROO-STR19 


- —15V 
+5V 
-45У 


MASTER 
10939 (MASTER) 


DATALOAD 
ЕТСЕ 


10941 & 10939 77 Alphanumeric and Bargraph Display Controller 


FILAMENT 1 


FILAMENT 2 


STROO-STR19 


MASTER *5V (Vss) 
CLOCK 10939 (SLAVE) 


POR 


‚ Figure 5. Typical Display System with Parallel Interface to Host and Two 10939 Devices 
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% % i 10951 _ | 
| ВАВСВАРН & NUMERIC 


Rockwell | DISPLAY CONTROLLER 


Preliminary 


DESCRIPTION | FEATURES 
The Rockwell 10951 Bargraph & Numeric Display Controller 


e 16 segment drivers plus decimal point and comma tail drivers 
(referred to as the 10951) is a LSI general purpose display con- e 16 digit drivers 
troller designed to interface to segmented displays (gas dis- е Average data rate: 66 kHz 
о or EED). e Single character burst rate: 500 kHz 
The 10951 will drive 16-segment bargraph or seven-segment e TTL compatible | 
plus comma and decimal numeric displays with up to 16 display e Direct digit drive of 10 ma for 30, 35, and 40 volt displays 
positions. The controller accepts command and data input words e Supports gas-discharge, vacuum fluorescent, or LED displays 
ona clocked serial input line. Commands control the on/off duty e Serial data input for 8-bit display and control data words 
cycle, starting character position and number of characters to • 64 x 16-bit PLA provides data decoding driving 
display. Encoded data words display bargraph position (single 
segment or increasing bar length), numbers, comma, decimal — Апу 1 of 16 bargraph segments 
and selected upper and lower case letters. No external drive —1 to 16 bargraph segments 
circuitry is required for displays that operate on 10 ma of drive — Ten seven-segment numeric characters (0-9). 
current up to 40 volts. А 64 x 16-bit segment decoder provides — Comma and decimal — 


internal ASCII character set decoding for the display. — Eight upper and lower case seven-segment characters 


e Command functions 


ORDERING INFORMATION | — Оп/оЯ duty cycle 


—Character position 
—Number of characters 
e 40-Pin DIP 


Part Package Drive Temperature 
Number Type Voltage | Range - 
10951P-50 - Plastic . | 50У OCto-70C | 

| 10951PE-50 Plastic 50V —40°С to +85°C 


ОАТА DECODER 
BUFFER 
TIMING 
AND 
CONTROL 
DECIMAL РТ. __ 
СОММА ТАН. СЕСМЕМТ 


DRIVERS 


DIGIT DRIVERS 


10951 Block Diagram 
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10951 | Bargraph & Numeric Display Controller 
INTERFACE DESCRIPTION С | 


PNT- 
}TAL | 
eir 
SGO 
SGN 
SGM 
SGL 
SGK 
SGJ 
SGI 
SGH 
SGG . 
SGF. 
SGE 
SGD 
SGC 
SGB 
SGA 
SCLK 

Б РАТА 


10991 Ріп Functions 


VSS Power and signal ground 
AD16-AD1 | Digits 16 through 1 driver outputs 
VDD DC power connection 

A A clock used only for device testing 


POR Power-on reset input 

DATA Serial data input 

SCLK . Serial data clock input | 
SGA-SGP 23- Segments A through P driver outputs 
TAL _ Comma tail driver output 

PNT | Decimal point driver output 


SPECIFICATIONS 


Maximum Ratings 


о о ч Фф л BW һу = 


10 
11 


ER 
M 


= = = пи m 
о чомьо 


Ру Voltage 

Power Dissipation 
Input Voltage | | 
Output Voltage +0. ( | 10951 Ріп Configuration 
Operating Temperature | [ | | 


. Commercial 
Industrial 


Storage Temperature 
Input Capacitance 
Output Capacitance | 


NL 
Во 


| This. device. contains circuitry to protect. the inputs against 

- damage due to high static voltages, however, it is advised 

that normal precautions be taken to avoid application. of any. 
voltage higher than maximum rated to this circuit. 


ІШ: 


All voltages are specified relative to: Ves. 
DC Characteristics | 


IIT NEN 
| V 


Supply Voltage (Vpop) 

Input DATA, SCLK, 
Logic ^1" 

Logic "0" 

Input POR 
Logic "1" 

Logic "0" 

Output Digit and 
Segment Strobes 
Driver On 

Commercial : m ; At 10mA 
Industrial 


Driver Off 10951-50 Actual value 


determined by 
external circuit 


Output Leakage | | Per driver at 
Input Leakage | driver off 


Internal Clock (1 Bit Time) 
Commercial 
Industrial 
Segment or Digit Strobe Output 
SCLK Clock 
On Time 
Off Time 
Data Input Sample Time 
Before SCLK Clock Off 
After SCLK Clock Off 
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Вагагарһ & Numeric Display Controller 


| SCLK and Serial Data Timing 


SCLK -1.0V T--10V \ 


-4.2У ·. 


Тьон 


-1 Фу <— Тан 


EARN % FENY 


-4. ү "РАТА must be stable during this time. 


SCLK and Serial Data (Control Жоға) Rp 


_ LOAD DUTY CYCLE = Т 

| LOAD BUFFER POINTER = 11 | 

й (око еп свае. 15 | | 
со REM timc 


| Data Word LSB/MSB Timing | 


END OF . Bn NEXT 
DATA WORD DATA WORD 


MIN 40 . SEC 


MIN 120 „БЕС 


Power-On Reset Voltage Limits | 


VOLTAGE 


| NOTE: Мос referenced to ОМ 


1 0951 


 Bargraph & Numeric Display Controller 


| FUNCTIONAL DESCRIPTION 


“Тһе 10951 receives commands and data on a serial input 
line clocked externally by a separate clock input line. The 
controller decodes the commands from control data words, 


decodes the data words in accordance with an internal 64x16- | 


bit programmable logic array (PLA) and turns on and off seg- . 


ment and digit output drivers. The segment output patterns 


are controlled by the decoded data words while the digit. 


output and segment output timing are controlled by the |. 


decoded control words. All timing signals required to control 


the display are generated іп the 10951 device without any _ | 


refresh input from the host processor. · 


Input data is loaded into the Display Data Buffer via the Serial ^ 


Data Input (Data) channel, Internal timing and control blocks | 


synchronize the segment and digit output signals to provide 


_the proper timing for the multiplexing operation. The 16x64 . 
РІА decodes 8-bit data words to drive the. 16 segment, | 


comma and decimal point drivers. The decoded data words 
will drive: 16 segments to display bargraph patterns (single 
segment and multiple: segment for increasing. .length dis- 


plays) or seven-segment patterns to display numbers, . 
selected upper and lower case letters, comma а and decimal И 


| | | и: Input data is iosided into the. 10951 as a series of 8-bit words 


` with the most significant bit (MSB), bit 7. If bit 7 of any word 


~~ loaded ва logical 1 (this: ;bit is. referred. to as the control bit. 


С), the loaded word is a control data word. lf the C bitofany ^. 


| мога is a logical 0, the loaded word is a display data word. 


The following: paragraphs describe the format and functions Я 


| of these control and: display data words. 


INPUT CONTROL DATA WORDS 


When the C-Bit (bit 7) of the 8-bit input word isa ca: 1, 
bits 5 and 6 are decoded into one of four control commands 
while data. associated with the command аге extracted from 


| bits 0-4. There. are three control codes which perform the 


| following display functions: | | 

A ‘Load the Display Data Butter pointer 
• Load the Digit Counter, 
e Load the Duty Cycle register. 


A fourth control code is defined but is not intended asa user E 


function (see note associated with Table 1). Table 1 lists the 
control codes and their functions. 


Table 1. 


8-Bit Control Word 


ET 


100NNNN'? 
11NNNNN(? 


Load Buffer Pointer 


The LOAD BUFFER POINTER code allows the- Display Data 
Buffer pointer to be set to any digit position. so that individual 
characters may be modified. The LOAD BUFFER PTR is 
loaded with a decimal equivalent value 2 less than the desired 
value (i.e., to point to character 6 of the display, a value of 
415 entered). | 


Load Digit Counter 


У Тһе LOAD DIGIT COUNTER code is normally used only 


during initialization routines to define the number of character 
positions to be controlled. This code maximizes the duty 


· cycle for any display. If 16. characters are to be controlled, 


enter a value of 0 (zero). Otherwise, enter the value desired. 


Load Duty Cycle 


The LOAD DUTY CYCLE code is used to turn the display on 
and off, to adjust display brightness, ог to modify display 
timing for gas discharge displays. As shown in the block dia- 


‚ gram, the time slot for each character is 32 clock cycles. The 


Segment and Digit Drivers for each. character are on for a 
maximum of 31 cycles with a 1 cycle inter-digit off-time. The 
LOAD DUTY CYCLE code contains а 5-bit numeric field 


| which modifies the on-time for segment Driver Outputs from 


0 to 31 cycles. A duty cycle оѓо puts both the segment and 


| ү digit drivers into the off state. Figure 1 shows the timing char- 


| acteristics for the segment outputs. 


њи RESET + (POR) 


The Power-On Reset (POR) initializes the internal circuits of 
the 10951 when power (Мрр) is applied. The following con- 
ditions are established айег а Power-On Reset: 


a. The. Digit Drivers (AD1 “AD 16) are in the off State 
. (floating). 

b. The Segment Drivers (SGA-SGP) are in the off state 

.. (floating). This includes PNT and TAIL. 

c. The cycle on-time tor the LOAD DUTY CYCLE 15 зей 
to 0 cycles. 

d. The LOAD DIGIT COUNTER is set to 16 (a bit code 
value of 0). 

e. The LOAD BUFFER POINTER is set to 15 to allow the 
first character to be entered into position 1. 


Control Data Words 


Function 


LOAD BUFFER POINTER (Position of character to be changed) 
LOAD DIGIT COUNTER (Number of characters to be output) 
. LOAD DUTY CYCLE (On/off and brightness control) 


ООМММММ 3) 


NOTE: 1. NNNN is a 4-bit binary value representing the digit 
- number to be loaded - 
2. NNNNN is a 5-bit binary value representing the 
number of clock cycles each digit is on. 


TEST MODE ONLY (Not a user function) 


3. This code is a device test function only. If exe- | 
cuted it will lock the device in the test mode which . 
can be removed only. by performing a power-on 
reset. 
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| 1 DISPLAY CYCLE ——————— S 
b ! 31 BIT TIMES 512 BIT TIMES 


AD16 | 
» | 31 ВІТ ТІМЕ5 


GND [3 1 Баш ЕЯ 
SGX -У - 


МОТЕ: 


| [| 
| >! |46 1 ВП TIME 
| | | Timing shown is for 16 characters with а duty cycle of 31 


Figure 1. Display Scan Timing Diagram (Duty Cycle) 
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INPUT DISPLAY DATA WORDS 


Display data words are loaded as 8-bit format codes. There 
are 64 codes available (with the C-bit set to O to indicate a 
display data word). 


Sixteen display data words must be entered to completely 
load the Display Data Buffer. The Buffer Pointer is automat- 
ically incremented before each data word is stored in the 
Display Buffer except for decimal point and comma words. 
The decimal point and comma words do not cause the Buffer 
Pointer to increment and thus are always associated with the 
previous character entered. To select the next character 
position to be loaded out of the normal sequence, use the 
LOAD BUFFER POINTER command before entering the dis- 
play data word. It is not necessary to use the LOAD BUFFER 


` POINTER command to cycle back to position 1 when less - 


than 16 character русо аге being used (DIGIT COUNTER 
я 0). 


DIGIT DRIVERS (AD1-AD16) 


The sixteen Digit Drivers (AD1-AD16) are used to select 
· each of the display digits sequentially during a refresh scan. 


. . Display segments will be illuminated when both the Digit 


SGP — 
sco — 
SGN — 
SGM —— 
SGL 
SGK 

 56Ј 
56! 
SGH 
SGG 
SGF 
SGE 
SGD 
SGC 
SGB 
SGA 


SGD 


ИШИНИ 


7-ЗЕСМЕМТ 
ALPHANUMERIC 


16-SEGMENT 
BARGRAPH 


Figure 2. Segment Allocation 
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Drivers and Segment Drivers for а particular character are 
energized simultaneously. The timing characteristics of both 
the digits and segments are shown in Figure 1. See POR for 
the Power-On Reset state of these drivers. 


SEGMENT DRIVERS (SGA-SGP) 


Sixteen (16) Segment Drivers are provided (SGA-SGP), plus 
the decimal point (PNT) and comma tail. (TAIL). The seg- 
ment, РМТ and ТАН. outputs are internally decoded from Ше. 
8-bit characters in the Display Data Buffer by means of a 64 
x 16-bit PLA. The allocations for the 16-segment bargraph 
display and the seven-segment alphanumeric character plus 
comma and decimal point are shown in Figure 2. The input 
codes associated with seven-segment alphanumeric, comma 
and decimal point display are shown in Figure 3. The com- 
plete set of 8-bit codes for the bargraph and alphanumeric 
display is shown in Table 2. Note that only segment drivers 
SGA-SGG are used to drive the seven-segment characters. 
Segment drivers SGH-SGP may be used for other purposes 


as decoded in accordance with Table 2. Timing character- 


istics for the segment outputs are shown in Figure 1. See. 
POR for the Power-On Reset state of these drivers. 


INPUT INPUT CODE (BITS 7-3) 
CODE | 


(BITS 2-0) 


Figure 3. 7-Segment Patterns 


Bargraph & Numeric Display Controller 


10951 


Table 2. 10951 Data Codes 


Input Code 


|7 6543210 


Segment А Оп 


Segment В Оп 
0 | Segment C Оп. 


0Х 00001 


Segment D Оп 


Segment E On 


Segment F On 


Segment G On 


Segment H On 


Segment | On 


Segment J On 


Bargraph 
Codes 
Alphanumeric 
and 
Special 
Codes 


т- y y= T 
КИЛЕШ ЖЕ ЕАО ни 


TT "= – = rrr rrr "= rrer ">= 


= "– = = es erler wr errr rrr errr = – == eK 
-- : 


T^ T7 т= T^ те v Ferrer те 


TT "– v7 = — rrr у= 


T т И T7 rrr wr rer 


rr от үз Tr wr т- тя тя те r = 


Segment А Оп 
Segments A&B Оп 
Segment A-E On 
Segment A-F On 

0 | Segment A-G On 


Number 1 
0 | Number 2 


or or 


Number 1 
0 | Number 2 
0 01 Number 4 


oo oo 


1 


то 


0 0 0 | Number 8 
0 | Letter P 


0Х101001 


0Х101 


1 0 0 | Letter C 


1 


о о "= = 


0 1 
001 
1 


oo оо 


0 


со 


0000 0| Number 0 


o 
Orr 
о 
о 


-r 

oo 
-- -r ооооо о 
о о со т т— vo т= ттт тт 


>С >< >< x <x ххххххххжх 
ooo ооо сососоосоосо 


* Sets comma апа decimal outputs for last character entered. 


“ Sets decimal output for last character entered. 


NOTES: 
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TYPICAL SYSTEM HOOK-UP 


Figure 4 shows the 10951 driven by a Host System as it would current for zeners. Pull down resistors Ra and На are deter- 


be connected to a V-F display. Ек is determined by the V-F dis- mined by the interconnection capacitance between the 10951 
play specifications and Вс is selected to provide proper biasing ` and the display. 


^" HOST 
SYSTEM 


SGX RESET 


TYPICAL 
ANODE 


TYPICAL (SEGMENT) 
GRID 


(DIGIT) 


—-—-—-W-F DISPLAY 


NN 


Figure 4. Typical System Schematic 


0 Software Preparation System | 


| SECTION 6 А Е 
| MICROCOMPUTER DEVELOPMENT SYSTEMS 


Product Family Overview ..... por анан калы» ИС RTT 


_ Rockwell Design Center (RDC) 


RDC-1001 and RDC-1002 RDC System ........ NOE UNES кс 


RDC-1XX and RDC-3XX RDC R6500/* Personality Set и “~ we ais hi Г 
RDC-502 and RDC-504 R6502-R65C02 Personality ОЕ а бате е 
Sinica R6500 Cross Assembler for Intel Development Зузјет.................. 


^ System 65 Development System (Optional Modules) 


_М65- 1ХХ апа M65- 2XX System 65 R6500/* Personality О зы ы а E И i в. 


_ M65-001, М65-002, and M65-003 User 65 Module ....... Wurde cu tu 
М65-031 and M65-032 16K Static RAM Module .... E o Pp Mec Ке ar 


Pag М65- -040 РАОМ Ргодгаттег Module "TD г. ж т тд MEN Т. EE i no los) 
-.M65-045 PROM/ROM Module .............. Cep CHEM QN C аи пена T 
/.' M65-060 Extender Card .............. сада o сл Вы В 

_ M65-071 ‘Design Prototyping модиё.......:. | EUN EET ра а 


M65- 660 Macro Assembler and Linking Loader КОКК СТАЕ. о 


; SPS-200 Software Preparation did Peripheral Connector Module mns 


6-1 


_ MICROCOMPUTER DEVELOPMENT SYSTEMS 
Low Cost, Flexible Systems Work With Multiple „Св 


To support product development, Rockwell offers a range 
of microcomputer development systems, each extremely. 
economical when compared on a cost/performance basis 
with competitive development systems. | 

The Rockwell AIM 65 microcomputer déscribed in - 

Section 7 functions as an extremely low cost, а родове, 
development system when used with the Rockwell Software 
Preparation System kit. The Rockwell Design Center (RDC) 
is an excellent, low cost, disk based development system, 
allowing concurrent development of up to four target R6500 
and R6500/* systems. 

The RDC is an easy to use, powerful development system 
for multi-chip and one-chip R6500 systems. A full line of 
support modules, macro assembler, link editor and high 
level PL/65 language are also available. R6500/* personality 
modules, additional RAM and a PROM programmer bud 
add versatility. 


GS поскмей 


- 


P Rockwell 
R6500/% 


PERSONALITY БЕТ 


Тһе ВОС supports the growing trend to using single-chip 
microcomputers as slaves with multi- or single-chip 
microprocessor systems. The advantages of slaves include 
both cost and technical savings, such as eliminating some 


‘complex timing relationships. With the RDC, up to four 


different microprocessor personality modules can be 
performing in-circuit-emulation under control of the system. 
The RDC mainframe is constructed modularly, using the 
proven RM Eurocard design, so it can be expanded readily, 
as needed. The terminal unit includes CRT, disk drives, and 
keyboard. Up to 1.28 Mbytes can be addressed on the two 
96 TPI, double sided, double density, 5 %-іпсһ disk drives. 
The RDC allows designers to economically and efficiently 
develop multiple microcomputer systems, regardless of the 
microcomputer device involved. Personality sets and target 
RAM modules are available for al R6500 and R6500/* 


configurations. 


Rockwell Design Center Development System 
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Microcomputer Development Systems 


 RDC-1001/2 | 
ROCKWELL DESIGN CENTER (RDC) | 


INTRODUCTION 
The Rockwell Design Centèr (RDC) is a development system 


vertically integrated to support the entire R6500 family of micro- 


processors and microcomputers. The RDC allows emulation, 
development, and software debugging of up to four separate 
microprocessors and microcomputers concurrently, even if the 
four devices are different members of the R6500 family. The 
RDC is a disk-based system with two 96 ТРІ, double-sided, 
double-density 54-inch floppy disk drives that provide a storage 
capacity of up to 1.3M bytes of data (formatted). 


А unique bus structure provides a separate system bus and four 
target busses which can operate at different speeds (up to 4 
MHz). Construction of the RDC is modular based on the proven 
RM 65 design using both single- and double-sized Eurocards 


and highly reliable DIN 41612 pin and socket connectors. The - 


double Eurocards allow use of both the system bus and a target 
bus which can operate at different speeds. 


Featuring Softkey function keys, the RDC eliminates the need 
for an operator to learn extra key strokes and command struc- 
tures. A command line of operating modes is displayed across 
the bottom of the CRT screen so that the user need only push 
the corresponding function key to command the RDC to enter 
е mode of еј di is 


| FEATURES | 
| Hardware | 


Modular попа (b based on proven RM 65 architecture 
Highly reliable, standard DIN 41612 pin and socket connectors 
Non-glare 12-inch CRT, green phosphor- 

Detachable full ASCII intelligent keyboard- 


Dual 96 TPI, double-sided, double-density 514- inch floppy 
disk drives 


Separate’ ‘system bus and. four independent target busses 
` Two serial ports—one for RDC terminal interface—one for 
host system download 


Two parallel. ports—one for RDC terminal interface—one al 
external printer. 


64K byte RAM system memory 

Internal self-test panel for system troubleshooting 

Three separate CPUs for keyboard, CRT, and system control 
Designed for built-in PROM programmer рн 


. For users who already һауе ап Intel ISIS И with mass жете 


program management, an R6500 cross-assembler is available. 


This.allows the RDC to function as a satellite, providing a power- 


ful debug system. The RDC is also capable of receiving (евз 
from the Rockwell SYSTEM 65 Microcomputer. 


When used with the R6500/* Microcomputer or R6502-R65C02 
Microprocessor Personality Sets, the RDC is a powerful emula- 
tion system for the complete family of Rockwell R6500/* one- 
chip microcomputers or NMOS R6502 and CMOS Н65С02 
families of microprocessors. The multiple target bus structure 
of the RDC allows the user to emulate four devices concurrently, 
and at слагат! speeds. 


Rockwell Design Center System _ 


Functional | 

e Self-contained, disk-based operating system 

е Softkey function access to menu-driven а modes 

• Text Editor | 

е R6500 Macro Assembler/Linking ТЕРЕ 

• SYSGEN configurable to user environment 

• Automatic power-up initialization of system and configurations. 
Separate system and target memory map 

. 4 target simultaneous emulation | 

- Real-time in-circuit emulation, up to 4 MHz 


• Five hardware breakpoints per target, 32-bits wide with “доп” 4 
care" bits 


е Inside or outside window breakpoint with 1 byte resolution 


• Configurable as a satellite for an Intel ISIS | host system 


or Rockwell SYSTEM 65 
e Self-test software 
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Rockwell Design Center 


PRODUCT OVERVIEW 


The RDC consists of three assemblies; the mainframe, a CRT 

terminal with floppy disk drives and a full ASCII Keyboard. The 

mainframe contains the following components: | 

The system bus and target/user busses 

Power supply and system cooling fans 

Two 32K Dynamic RAM modules for system memory 

Single Board Computer (SBC) module 

Floppy Disk Controller (FDC) module 

Asynchronous Communications Interface Adapter (ACIA) 

module with 2 channels for keyboard interface and user 

RS-232C 

e Multi-function Peripheral Interface (МРІ) module with We 
ports for interface to the CRT terminal and to a printer 

e 24-pin and 28-pin PROM sockets for optional PROM Pro- 
grammer module 


The terminal assembly consists of а non-glare. 12-inch, green 
phosphor CRT, a video display controller module, and мо 51⁄4- 
inch floppy disk drives. The keyboard is intelligent for full ASCII 
operation. 


OPTIONAL R6500/* or R6502-R65C02 
PERSONALITY SET 


EMULATOR PERSONALITY 
PROBE POD 


(TYPICAL 1 OF 4) 
A ВОС TARGET BUS 


КЕ ШЕК сі 
FUTURE | | TARGET 
! OPTIONAL HAM 
ANALYZER; | MODULE 
MODULE | | 
Ша | 


(= san «w pon eee eee cme ma цени ame op 


TARGET 
INTERFACE 
MODULE 


RDC SYSTEM BUS 


OPTIONAL | 32K 32K - 
PROM | RAM RAM 
| PROGRAMMER MODULE || MODULE 
eee | 


[crore n] PANEL 

о a] | 
РНОМ 

SOCKETS (2) 


НОС МАМЕВАМЕ 


FUNCTIONAL DESCRIPTION. | 


Major Components and Interfaces 


| . The block diagram shows the architecture of the: RDC system 


and identifies the relationship between the system bus and the 
target busses. Although the block diagram shows only one 


Target Interface, it represents the architecture of each of the 


four target busses. The terminal keyboard interfaces with the 
RDC system through one of the RS-232C ports (J3 connected 
to the ACIA module). The CRT interfaces with the RDC system 
through a рага!е! port (J3 connected to the МР! module). The 
disk drives interface to the RDC system through a separate port 
(J2 connected to the FDC module). All other control functions 
of the RDC system interface directly through the RDC system 
bus. Note that the Personality Set PMC module interfaces the 
RDC system bus to the target bus. 5 


Виз бігисіше 


Тһе КОС system operates through a multiple bus structure—a 
system bus and four target busses. The system bus contains 
21 card slots to accommodate single Eurocard modules or 


EXTERNAL 
PRINTER 


KI 
| 
| 

ei 


| PARALLEL 

| PRINTER 

pamm PORT 
24 


УЮЕО 
DISPLAY . 
CONTROLLER 

MODULE -. 


© TWO 
би". 
ЕКОРРУ 
DISK: 
DRIVES 


CRT/FDD 
RDC TERMINAL 


“RDC System Block Diagram 


RDC-1001/2 


“Rockwell ll Design Center 


double Eurocard modules. Double Eurocard modules plugged 


into the system bus are common to the system bus and the 


target bus. Double Eurocard modules (such . as the R6500/* 


Personality Set PMC module) are used for microcomputer 
emulation support. Single Eurocard module connectors on the 
system bus are used to interface with RDC microcomputer 
system modules such as the 32K RAM(2), SBC, FDC, ACIA, 
and MPI. 


Ж 


The four target busses are segmented so that four separate | 


emulations. can be controlled by the system.concurrently. Three 
of the target busses have four card slots each. Three of these 
slots will accept double Eurocard modules, and the fourth will 
accept a single Eurocard module. The double card slots are 
intended for a Personality Module Controller (PMC) module and 
future growth up to two Analyzer modules. The single card slot is 
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‘RDC MAINFRAME FRONT VIEW 


TARGET BUSSES 


SYSTEM BUS 


PROM PROGRAMMER . VIDEO-KEYBOARD 
SOCKETS 


POWER SWITCH 


| intended for plugging i in.a target (emulation) RAM module: (8K 


x 8 or 64K x 8 depending upon the. microcomputer to Бе. 
emulated). These three target busses are color coded. (blue, 
red, and yellow) on Ше. RDC card cage for easy identification 
of the division of the target bus segments. The fourth target bus 
consists of nine. Euroconnectors, four of which will accept double 
Eurocard modules and five of which wil dern single Eurocard 


. modules. 


Atypical single target emulation configuration will consist of an 


R6500/* or R6502-R65C02 Personality Set (comprising a PMC 
module, Personality. Pod, and Emulator Interface) and a target 


RAM module, as a minimum. Since up to four fully configured 
emulation systems can be supported concurrently, the RDC 


could be configured. with any combination of four R6500/ * or 
R6502-R65C02 Personality Sets, and four target RAM modules 


_in addition to the RDC system control modules. 
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Operating Modes с | 
Тһе ВОС bootstrap ROM is initiated whenever the system is Each Softkey prompt, when selected by the function key, invokes 


powered- up. Тһе. bootstrap program then loads the SYSGEN a new set of Softkey prompts which further define the tasks to 
data and system program from the system disk drive. When the be performed by the mode. As an example, if the LOCAL prompt 
bootstrap i is completed the CRT displays a Softkey menu for the is selected, a new v Softkey prompt menu displays: 

function keys on the keyboard. It is this menu that prompts the | 

user to select the mode of operation required. The Softkey UTILITY, DEBUG | BC ME . HELP 


prompts displayed at this time are: | 
If UTILITY is selected from this prompt, a new menu displays: 


ЕЛЕ LOCAL _ SYSGEN | | 2 | НЕГР | 
| ‘DISK FILE EXEC © | PM HELP 
These Softkey срама represent the primary modes of oper- С. | | | | ше 
ation for ће ВОС system. When the function key corresponding. Selecting DISK invokes a new menu which asks: 
to the CRT prompt location ` is pressed, one of the following MCA 2 за "A 
modes is selected: | | м п COPY BACKUP FORMAT DIR INIT .. HELP 
SATELLITE—This mode provides the menus available for inter- This hierarchy continues until all parameters of the tasks of the 
facing the RDC asa satellite to the host system mode selected have been established. At any time during the 
. (Intel ISIS II) | | | mode selection process the user has the option of са па back 
| | | =: the previous set of Softkey menu prompts by simply pushing the 
LOCAL . —This mode provides the menus available to the — (minus) key. 
i 22 user from within the RDC without regung host | ИЕ. ка, 
| resources. До ва А | The illustration. shows the depth to which the command line 
ME я КИ о LONE NM. . prompts guide the user through selecting the desired mode of 
SYSGEN. —This E allows the | user to modify the diskette- operation. | | 


» stored system parameters on either a permanent 
(until another power-up ош ог a. i temporary 
(Баз | 


HELP тһ mode displays · information which briefly 
^" . . describes the operational mode options available 
"in SATELLITE, LOCAL and SYSGEN modes. All 
. Softkey menus. include a HELP which is always 
· located оп е CRT screen directly over the far 

right hand function key on the keyboard. 


Command Line Prompts. 
SATELLITE —» DOWNLOAD (ISIS ІІ ог SYSTEM 65 PROTOCOL) • HELP. ` 


| LOCAL ————» UTILITY е DEBUG е HELP 
MEMORY * REGISTER • BREAKPOINT • RUN • RESET • PROTECT • DIRECTORY • HELP | 
| L——> PROTECT • UNPROTECT • CLEAR.ALL • HELP 


NORMAL е STEP • DEBUGGER • HELP 
NORMAL • STEP • HELP 
| ————> BP#1 • ВР#2"• BP#3 е BP#4 е ВР#5 • CLEAR.ALL е HELP 
DISPLAY. е CHANGE е LOAD е ЗАМЕ е HELP. . 
DUMP -• MODIFY е TEXT е ' DISASN • SAVE • VERIFY * LOAD • HELP 
DISK е FILE • EXEC е HELP 


TEXT EDITOR . MACRO ASSEMBLER • PROM PROGRAMMER • USER FILES 
LIST • DELETE е RECOVER * RENAME * DIRECTORY • HELP 
COPY • ВАСКИР • FORMAT • DIRECTORY • INIT * HELP 


SYSGEN KEEP • HOST • PRINTER • TARGETS • BEEPER • DISPLAY * HELP 
| CURRENT • TARGET 0 • TARGET 1 * TARGET 2 * TARGET 3 • HELP 
PARITY * HI BAUD • LOW BAUD е WORD LEN е STOP BITS • HELP | 
SAVE SYSGEN ON DISKETTE | 


| HELP MODE COMMAND LIST EXPLANATIONS | | 


Command Line амы (Typical) 
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INTERFACE 


Interface between the RDC system control moduk à and the port 
connectors on the back panel are made through ribbon cables. | 


The ribbon cables аге permanently attached to the port con- 


nectors. The terminal interfaces to the RDC System through two 
cables with mating connectors on each end that are keyed for 
proper installation. The RDC Cable Interface figure shows how 


ESL 
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PRINTER 
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PROGRAMMER 


ROC MAINFRAME 


NOTE: (1) 


· SERIAL 
TERMINAL 


FDC ACIA 
MODULE MODULE 


these cables are routed in the system. The Self-Test Panel 
interface ribbon cable is attached to the test panel.and has a 
connector оп the other end that mates to the SBC module ИО 
connector. The optional PROM programmer module connects 
_to the two PROM sockets through a single ribbon cable. 


RDC 
TERMINAL 


ЕСТІ 
Е 


n 


32K 
RAM 
MODULE 


ЕЗ 
НАМ 
ЕЗ 


НОС SYSTEM BUS 


Ribbon cables are physically attached to RDC Mainframe 


connectors J1 through J4 and have connectors on the 
other end that mate to the modules. 


RDC Mainframe Internal/External Ribbon Cable Connections 


SPECIFICATIONS 


Dimensions 
Height 
Width 

Depth 


11 in. (27.94 cm) 
20 in. (50.80 cm) 
18 in. (45.72 cm) 


Electrical 
. AC Input Voltage 


AC Frequency 47 to 63 Hz 


Fuse Requirement 


Environmental 
Temperature 
With/Disk Media 


Humidity 


[мм юве пека 12 ње. (9 Ко) с bs. 27 Ко) 


105 to 125 (RDC-1001) 
210 to 250 (RDC-1002) 


3 A slo-blo (RDC-1001) 
1.5 A slo-blo (RDC-1002) 


NOTE: *Disk media maximum wet bulb temperature 84.9°F (29.490) | 


ВОС Тегтта! 


14 іп. (35.56 ст) 
20 in. (50.80 cm). 
16 in. (40.64 cm) 


З іп. (7.62 cm) 
20 in. (50.80 cm) 
8 in. (20.32 cm) 


105 to 125 (RDC-1001) 
210 to 250 (RDC-1002) 
4710 63 Hz . 

3 A slo-blo (RDC-1001) 
1.5 A slo-blo (RDC-1002) 


59°F to 104°F (15°C to 40°C) operating 
—49F to 140°F (— 20°С to 60°C) shipping 
-49Е to 122°F (— 20°С to 50°C) storage 
20% to 80% non-condensing operating* 
1% to 95% non-condensing shipping 

1% to 95% non-condensing storage 
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ORDERING INFORMATION . 


| Part Number 


RDC-1001 
RDC-1002 
RDC-1010 
RDC-1011 
RDC-1012 
RDC-1030 
RDC-2000 


| Description 


RDC System (100 Vac)() 

| "ВОС System (220 Vac) 

32K System RAM Module 

8K Target RAM Module 

64K Target RAM Module : 

PROM Programmer Module 

R6500 Cross Assembler for Intel ISIS | 


Order Number(2) Document Title 


RDC R6500/* Personality Set Data Sheet 
RDC R6502-R65C02 Personality Set `- 
Data Sheet 

· RDC PROM Programmer Data Sheet 
ACIA Module Data Sheet 
SBC Module Data Sheet 


FDC Module Data Sheet 
МР! Module Data Sheet 
32K Dynamic RAM Module Data Sheet 


Notes: 
(1) Both system configurations are shipped with the following 
| components: 
• НОС Mainframe | 
_ ВОС Terminal with 12” CRT and Dual би" Гори Disk 
Drives and detached Keyboard 
• Six System Control modules—ACIA, FDC, SBC, ТЕН 
and two 32K DRAM · _ 
• All Required Interface Cables 
* Software Package (Utilities, Text Editor, Macro 
Assembler) 
• Documentation Package 
(2) Documents provide further information about the RDC system. 
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PERSONALITY SETS 


Personality Sets are available for the ВОС that allow emula- 
tion, ‘development, and software debugging of the complete 
family of R6500/* Microcomputers and В6502-865С02 — 
Microprocessors. The microcomputers and microprocessors 


· supported by these Personality Sets are: 


е R6500/11P • R6500/13P • R6500/42P » R6511Q 
е R6500/12P _ • R6500/41P • R6500/43P • Н65С02 
• R6541Q • R6501Q • 86502 е R6503 
• R65C102 е В65С112 е R6506 е 86507 
e R6504 • R6505 • R6514 • 86515 
• 86512 е R6513 


е R6500/1P 


Ғог complete information on ordering any particular 


Personality Set or groups of Personality Sets, refer to the 


RDC R6500/* Personality Set Data Sheet, Order Number 
RDCO6, ог RDC R6502-R65C02 Personality Set Data Sheet, 
Order Number RDC11. 


RDC-1XX AND RDC-3XX 


Microcomputer Development Systems 


ROCKWELL DESIGN CENTER 


Rockwell | 


INTRODUCTION 


The RDC. R6500/* Personality Set is a Rockwell Design Center 
(RDC) option that allows the RDC user to develop, debug and 
verify programs intended for use by any R6500 one-chip micro- 
computer system. The R6500/* offers the user a high perfor- 
mance development system specifically designed for emulation 
of a microcomputer system. This RDC option supports in-circuit 
emulation for the entire R6500 family of one-chip microcomputers. 


The basic R6500/* Personality Set includes a Personality Module 
Controller (PMC), two Personality Emulator Pod Modules, a 
Device Adapter, an In-Circuit Emulation Probe assembly, an 
interconnect cable set, and the required software and support 
documentation. | 


‘The R6500/* Personality Set provides the RDC with a dual CPU 
capability. This added feature permits the RDC CPU to maintain 
control, even while the R6500/* is executing a program, thus 
providing the user with complete contro! over the development 
process. | | 


The R6500/* Personality Set can be expanded to include four 
‘separate emulation systems which can be run concurrently on 


the RDC. 


R6500/* PERSONALITY SET 


FEATURES 


Disk based macro assembler and debug monitor 
Provides 8K RAM in system (optional) 

Supports 65K address range in target environment 
Five hardware breakpoints with SYNC outputs 
User defined external break signal 

Single step through interrupts 

Supports four simultaneous target developments 
No zero page address conflicts 

Power down capability 

RAM write protection 

User or system supplied power and clock 
Real-time in-circuit emulation 

Menu-driven Softkey command selection 


RDC R6500/* Personality Set 


Document No. 29655N06 


6-9 


Data Sheet Order No. RDC06 
December 1982 


RDC-1XX e RDC-3XX 


LONG 60 РІМ... _: 
RIBBON CABLE _., 


LONG 50 PIN 
RIBBON CABLE 


PMC BOARD 


РМС MODULE СОММЕСТЗ. 
ТО ВОС SYSTEM BUS 
АМО А TARGETS BUS 


RDC MAINFRAME 


USED FÖR TRACE 


EMULATION POD 


С ВОС R6500/* Personality Set 


2, MEDIUM 
LENGTH 
34/50 PIN 
RIBBON, . 


BOARD 1 


> OPTIONAL | 
СОММЕСТОЯ РОВ 

Е, ҒАМ а | 
PORTS 


EMULATION POD 
BOARD 2 


USED FOR TRACE | 


System Interconnection 


RUN MODE/CONTROLLED EXECUTION 
COMMAND SUMMARY | 


The R6500/* Personality. Set is designed to allow the. ResQy* ^ i 


to.execute independent of the RDC. Thus, while the Re500/*^ ^ Fa 


is executing code, the RDC CPU is still in operation. This allows HE. 


certain functions to be performed by the RDC CPU without фе- 2 a 


turbing the execution of the R6500/*. 


RUN MODE COMMANDS - 


The R6500/* debug monitor allows: certain commands to be 
performed while the R6500/* is in the Run mode." "The Run 
Moge commands are highlighted as s follows: . | 


Description 
RUN MODE COMMANDS 
‘Issue Reset 


` 


Examine or Modify Hardware вгейкрони“ 


Exit Run Mode 

Return to RDC Operating System | 
Select a New PMC Module 
Enable/Disable the System Pointer 
Halt/Resume Run | 
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CONTROLLED EXECUTION MODE COMMANDS 


The Controlled Execution Mode commends are divided into five 
groups, as follows: 


Description . 


“COMMANDS TO DISPLAY MEMORY OR REGISTERS 
Display or alter sixteen selected: memory locations 
Display or alter next sixteen memory locations 
Display or alter previous sixteen memory locations 

: Examine/modify RAM and I/O one byte at a time 


Dump memory in Hex and ASCII format 
Invoke disassembler '. .. 
Display. or: alter register contents 


COMMANDS TO. SET PROGRAM BREAKPOINTS 
Set or reset software breakpoint addresses 
Enable or disable single step mode 
_ бе! ог modify. hardware breakpoint 


RDC-1XXe НӘС-ЗХХ _ 


‚ Description 


_ COMMANDS ТО TRACE PROGRAM FLOW. > 


Toggle instruction trace on or off 
Toggle register printout on or off 
Show register form for printout 
Show last nine instruction addresses 


DISK FUNCTIONS 
. Special disk functions 
Display disk directory 
Delete file 


MISCELLANEOUS COMMANDS 

Write protect memory blocks 

Load object code 

Start execution of user's program | 
Dump memory 

Issue RESET 

Verify object code against memory 
Return control to RDC Operating System 
Initialize the current board 
Enable/disable ‘printer _ 

Allow single step through interrupts 
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“RDC R6500/ * Personality Set | 


CONFIGURATIONS 
Тһе: :RDC Personality Sets for the R6500/* d 


shown i in the chart below, include one Personality Module Con- 
troller (PMC), two Personality Emulator Pod Modules, a Device 


Adapter, ап In-Circuit Emulation Probe assembly, ап intercon- 
nect cable set, and the required software and support docu- 
mentation. The RDC Personality Sets are available either bundled 
with an 8K Target RAM (the 100 series part numbers in the table 
below) or unbundled without the 8K Target RAM (the 300: series 
part numbers SONIS 


6600" * Personality Sets 


RDC-101 or -301 
RDC-102 or -302 


Description | 


- R6500/11P Personality Set, 1 MHz 
R6500/11AP Personality Set, 2 MHz 


RDC-111 or -311 
АОС-112 or -312 
RDC-121 or -321 
RDC-122 or -322 
RDC-131 or -331 


RDC-132 or -332 | 


RDC-141 or -341 
RDC-1 42 or -342 


° ВОС-151 or -351 


RDC-152 or -352 


R6500/12Q Personality Set, 1 MHz 
R6500/12AQ Personality Set, 2 MHz 
R6500/13Q Personality Set, 1 MHz 
R6500/13AQ Personality Set, 2 MHz 
R6500/41P Personality Set, 1 MHz 


.. R6500/41AP Personality Set, 2 MHz 
. R6500/42Q Personality Set, 1 MHz 


R6500/ 42AQ Personality Set, 2 MHz 
R6500/43Q Personality Set, 1 MHz 
R6500/43AQ Personality Set, 2 MHz 


RDC-161 or -361 
RDC-162 or -362 


' R6500/1P Personality Set, 1 MHz _ 
R6500/ 1AP Personality Set, 2 MHz 


RDC-1XX e RDC-3XX 


RDC R6500/* Personality Set 


DEVICE ADAPTERS 


The Adapter/Emulator Devices are used to reconfigure RDC- 


1XX Personality Sets for use with other R6500/* Microcompu- ^^ 


ters. They replace the Adapter/Emulator Devices in the Person- 


ality Emulator Pod Module and contain the desired. emulator 
device. 


"Ритм бек | 


RDC-211- Adapter/Emulator Device 
(R6511Q) for R6500/11/12/13, 1 MHz 


RDC-212 | _..Adapter/Emulator Device 
Е (R6511AQ) for R6500/11/12/13, 2 MHz 


RDC-221 Adapter/Emulator Device 


(R6541AQ) for R6500/41/42/43, 1 MHz 
RDC-222 Adapter/Emulator Device | 
(R6541AQ) for R6500/41/42/43, 2 MHz 
| RDC-231 | Adapter/Emulator Device | 
_ (R6500/1EC) for А6500/1, 1 MHz 
RDC-232 |  Adapter/Emulator Device | 
| (В6500/1 ЕАС) for R6500/1, 2 MHz 
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IN-CIRCUIT EMULATION PROBES 


The in-Circuit Emulation Probe assemblies used to reconfigure 


the RDC-1XX Personality Sets for use with other R6500/* 
Microcomputers are shown in Ша chart below. 


RDC-200 40-Pin Probe and cable for R6500/11P. 
| Prerequisite, RDC-211 or -212 
64-Pin Probe and cables for В6500/120. 
Prerequisite, RDC-211 or -212 

64-Pin Probe and cables for R6500/13Q. 
Prerequisite, RDC-211 or -212 

40-Pin Probe and cable for R6500/41P. 
Prerequisite, RDC-221 or -222 

64-Pin Probe and cables for R6500/42Q. 
Prerequisite, RDC-221 or -222 

64-Pin Probe and cables for R6500/43Q. 
Prerequisite, RDC-221 or -222 

40-Pin Probe and cable for R6500/1P. 
Prerequisite, RDC-231 or -232 


RDC-201 


RDC-202 


RDC-203 


RDC-204 


RDC-205 


_ RDC-206 


4% 


Rockwell 


RDC-50X 


^ Ho hat Development Systems 


|. RDC-502 AND RDC-504 | 
ROCKWELL DESIGN CENTER 


|. INTRODUCTION | 


| The RDC R6502-R65C02 Personality Set is a Rockwell Design 


Center (RDC) option: that allows the RDC user to develop, debug 
and verify programs intended for use by any R6500 one-chip 
| microprocessor system. The R6502-R65C02 offers the user а 
high performance development system specifically designed for 
emulation of a microprocessor system. This RDC option supports 
. in-circuit emulation for the entire R6500 and В65С00 т of 
one-chip microprocessors, 


= The basic R6502-R65C02 Personality Set includes a Personality 


Module Controller (PMC), two Personality Emulator Pod Modules, 
five emulator devices (R6502, R6512, R65C02, R65C102, and 
R65C112), two prototype-to-pod interface cables, an RDC inter- 
connect cable set, and the required software and support 
documentation. 


The R6502-R65C02 Personality Set provides the RDC with a dual 
CPU capability. This added feature permits the RDC CPU to 
maintain control, even while the microprocessor is executing a 
„ргодгат, thus providing the user with complete control over the 


22 development process. 


Тһе R6502-R65C02 Personality Set can be expanded to include 
со four separate emulation systems which сап be run ка 
оп the RDC. 


чи 
pensar’ ? 


R6502-R65C02 PERSONALITY SET 


_ FEATURES 


• Disk based macro assembler and debug monitor 
• Provides 8K or 64K RAM in system (optional) 


р е Supports 65K address range іп target environment - 
. * Five hardware breakpoints with SYNC outputs 


• User defined external break signal 

• Single step through interrupts 

• Supports four simultaneous target developments 
• No zero page address conflicts 

• Power down capability 

* RAM write protection 

* User or system supplied power and clock 

• Real-time in-circuit emulation 


е Menu-driven Softkey command selection 


НОС R6502-R65C02 Personality Set 


Document No. 29655N11 


613 


Data Sheet Order No. RDC11 
| December 1983 


RDC-50X 


LONG 60 РМ. 
RIBBON CABLE 


LONG 50 PIN 
RIBBON CABLE 


PMC BOARD 


РМС MODULE CONNECTS. 
TO RDC SYSTEM BUS 


RDC R6502-R65C02 Personality Set 


40 PIN RIBBON 
CABLE . 


-- ---.--- — --- „ите 


— CONNECT о = 
|| ТО40РМ | — 
|| DEVICE: 

ee 2 ‘CONNECTOR 


EMULATION | ON 


| 

| 

| 

Ji водвот | PROTOTYPE | 
| 

| 

| 

| 


CONNECT 
TO 28 PIN 
DEVICE 4 
CONNECTOR 
ON | 


~6-WIRE \28 PIN 
POWER RIBBON | 
CABLE CABLE 


EMULATION POD | 
BOARD 2 


AND A TARGET BUS - 


RDC MAINFRAME 


System Interconnection 


RUN MODE/CONTROLLED EXECUTION CONTROLLED EXECUTION MODE COMMANDS | 


COMMAND SUMMARY The Controlled Execution Mode commands are divided into five 
The R6502-R65C02 Personality Set is designed to allow R650X, | groups, as follows: 


R651X ог R65XXX devices to execute independent of the RDC. __ 
Thus, while the emulator is executing code, the RDC CPU is - 


still in operation. This allows certain functions to be performed | : реесернеп Ps | Е 
by the ВОС CPU without disturbing the execution of the emulator — COMM ANDS TO DISPLAY MEMORY OR REGISTERS - 
device. | Display or alter sixteen selected memory locations 
| Display or alter next sixteen memory locations 

RUN MODE COMMANDS Е Display or alter previous sixteen memory locations 

: Ехат!пе/тодну. НАМ and I/O one byte at a time 
The R6502-R65C02 debug monitor allows certain commands . Dump memory in Hex ала ASCII format 
to be performed while the emulator is in the Run mode. The Run Invoke disassembler ` 


Mode commands are highlighted a as IONS haer 5 Display. ог alter register contents 


COMMANDS TO SET PROGRAM BREAKPOINTS 
Set or reset software: breakpoint addresses 
Enable or disable single step mode 

_ Set or modify hardware breakpoint | 


eee] 


RUN MODE COMMANDS 
Issue Heset | 
Examine or Modify Hardware Breakpoint 


Exit Run Mode 

Return to RDC Operating System 
Select a New PMC Module 
Enable/Disable the System Pointer 
Halt/Resume Run 
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 RDC-S0X | 


ВОС R6502-R65C02 Personality Set 


Description 


COMMANDS TO TRACE PROGRAM FLOW 
Toggle instruction trace on or off . 
Toggle register printout on or off 
Show register form for printout 
Show last nine instruction addresses 


DISK FUNCTIONS 
Special disk functions 
Display disk directory 
Delete file | 


MISCELLANEOUS COMMANDS 
Write protect memory blocks 
Load object code 
Start execution of user's program 
Issue RESET 
Verify object code against memory 
. Return control to RDC Operating System 
Initialize the current board 
Enable/disable printer 
Allow single step through interrupts 


PERSONALITY MODULE 
. CONTROLLER (РМС) 


PMC TO EPM2 
INTERCONNECT 
BLE 


EMULATOR POD 
MODULE NO. 2 (EPM2) 


PROTOTYPE-TO-POD 
INTERFACE CABLE 


CONFIGURATIONS | 


The RDC Personality Sets for the R6502-R65C02 Micro- 
processors, shown in the chart below, includes one Personality 


Module Controller (PMC), two. Personality Emulator Pod 


Modules, one Emulator Device set, an interconnect cable set, 
and the required software and support documentation. 


R6502-R65C02 Personality Sets and Memory 


RDC-502 | Н6502-Н65С02 Personality Set, 1-2 MHz 
RDC-504 R6502-R65C02 Personality Set, 4 MHz 


-НОС-1011 | 8K RAM Target Memory, 1-2 MHz only 
RDC-1012 64K RAM Target Memory, 1-4 MHz 


EPM1 TO EPM2 PMC TO EPM1 
60-PIN INTERCONNECT 
INTERCONNECT CABLE 

CABLE (60 РІМ) 


EMULATOR 
DEVICE 


EMULATOR POD 
MODULE NO. 1 (EPM1) 


EMULATOR POD 
MODULE HOUSING 


PROTOTYPE-TO-POD ONE INCLUDED 
INTERFACE CABLE | WITH EACH SET 


Typical R6502-R65C02 Personality Set Hardware Components 


RDC-50X = |... .. ВОС R6502-R65C02 Personality Set 


- R6502-R65C02 Personality Set Component List 


QUANTITY ПЕМ: DESCRIPTION 


PMC Module Controller module that plugs into the RDC Mainframe. 


Emulator Pod 
Module Assembly 


Pod that contains EPM-1 and EPM- 2. a short ribbon cable, a Six-wire power cable, 
and the R6502 Emulator Device. 


Package contains the R6512, В65С02, R65C102 and R65C112 Emulator devices 
and 5 jumper headers for the 28-pin processors. 


Emulator Package 


One cable with 60-pin connector on each end with one cable with a 50- iu 
connector on each end. 


PMC to Pod 
Interface Ribbon Cables 
(Long Length). 


One of two possible configurations: | 
a. One ribbon cable with 40-ріп connectors on each end. Used for emulating the 
R6502, R6512, R65C02, R65C102 or В65С112. | 


b. One cable with a 28-pin connector on each end. Used for emulating the R6503, 
R6504, R6505, R6506, R6507, R6513, R6514 or R6515. 


. Prototype-to-Pod 
" Interface Cables 
(Medium Length) 
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_ RDC-2000 


a _ 6500 CROSS ASSEMBLER | 
FOR INTEL DEVELOPMENT SYSTEM 


CROSS ASSEMBLY 


~The R6500 Cross Assembler provides the user with the capa- 


bility of developing assembly language programs on the Intel 
Development System and downloading these programs to the 


Rockwell Design Center (НОС) for debugging and in-circuit . 


operation. 


The process of translating microprocessor instructions for a 
computer program written in symbolic form to executable 
machine instructions is called an assembly, and the computer 
program that performs this translation is called an assembler. 
Assemblers that run on a host computer different from the target 
computer that the generated machine code is to operate in are 
called cross assemblers. One assembly language statement 
usually translates into a single processor instruction. Each 
statement consists of a label (if required), a mnemonic operation 
code, an operand (if required), an arithmetic operator (if required) 
and an optional comment. Constants comprising one or more 
bytes of memory are generated from data statements while one 
or more bytes of memory are assigned to variables. This cross 


‘assembler is a symbolic assembler that allows the programmer 


to represent memory locations and numeric values with names 
. or symbols. 


PRODUCT OVERVIEW 
The R6500 Cross Assembler for the Intel Development System 
allows users who have access to such a system and are accus- 


tomed to its text editor (ISIS CREDIT) to enter and edit source 
code, assemble the program and save both the source and 


_ object code on floppy disk. The object code can then be loaded. 


into a Rockwell Design Center (RDC) for program debugging 


. and in-circuit validation using an R6500, R6500/* ог А65С00 © 


Personality Set. Up to four personality sets can be installed in 
one RDC Main Frame to maximize the utility of one Intel Devel- 
opment System and RDC. The object code can also be pro- 
grammed into PROM/ROM for execution by an R6500 NMOS 
or R65C00 CMOS microprocessor or masked in R6500/* NMOS 
one-chip microcomputer ROM for execution. 


The disk-based R6500 cross ‘asseinbler i is a two-pass symbolic 
assembler which produces absolute 6500 object code. It per- 
forms symbol (1-6 characters) definition, syntax checking, 


assembly/symbol table listings and cross reference generation . 


for effective program development. Assembler operation is 
automatic once started. 


The assembler outputs to the console the pass it is currently 
performing and a dot for every 16 lines of source code assem- 
bled. This enables viewing of the assembly process and obser- 
vation of detected errors. List (.LST), object (.ОВЈ), and symbol 


(.SYM) files are automatically generated with the source name | 


assigned as the header and the particular extension added. 
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lei: 


FEATURES 


• Intel Development System Host 


. e Supports Rockwell's 8-bit CPU devices: 


—R6500 NMOS microprocessor family 
—R6500/* NMOS microcomputer family 
—R65C00 CMOS microprocessor family 
Symbolic notation—operands and labels: 
Interactive assembler operation · | 
Operator selected object code output devices | 
— Display/printer 5 | 
— Printer 

-—Floppy Disk | 

—Download to RDC 


. e Operator selected assembly/error isting output 


—Display/ Printer 
— Printer 
—Floppy Disk _ 


ө Assembler directives | 
• Symbolic cross-reference 


e Communications РИО of object code 


ORDERING INFORMATION 


Description 


RDC-2000 | R6500 Cross Assembler for Intel Development 
System Disk (8" ISIS ІІ compatible disk) 


Description 


R6500 Cross Assembler for Intel Development 
System User's Manual (included with RDC-2000) 


SYSTEM REQUIREMENTS 
The Intel Development System must provide 64K bytes of © 
memory and the Dual-Density Drive option to support the R6500 
Cross Assembler. 32K bytes are then available for application 


~ source code. The other 32K bytes contain the ISIS system (14K) 


and the cross assembler (18K). 


Data Sheet Order No. RDCO09 
March 1983 


RDC-2000 _ R6500 Cross Assembler for Intel Development System - 


Assembler Directives End o 

Assembly Listing Control ^. — .  /— О Съ Data Storage pA ^5 
TTL Title 50: WIDTH, _ Line o Length Не E .BYTE Initialize byte | memory location 
РАДЕ __ Page. и. SKIP | Э. қозыға, — Ces WORD Generate 16-bit address 


.LINE Pagelengh ^ ^ ^ ^ ' шаа (5 715 s s-.DBYTE Generate 16-bit data word 

| .SBYTE Initialize ACSII string > 

Source File Control j О pam DIN ты» | i ы 
.END End of Assembly — | | Equate | Я 
.MOD. | Assembly Type Una t а ыз че : = Assign value to symbol 


Error Codes - 


Pass 1 EM : ^ 4 .MOD DIRECTIVE MUST BE FIRST LINE ON LISTING | 
_ 1 OPERAND МАЦЈЕ IS INVALID OR GT HEX. FFFF 2 INCORRECT FORMAT OF INDEX ADDRESSING, MISSING X 
2 OPERAND VALUE IS GREATER THAN HEX FFFF | | OR Y 
. 8 INCORRECT ADDRESSING MODE ` ic 3 MISSING RIGHT PARENTHESIS = 
4 SYMBOL NOT PREVIOUSLY DEFINED. По 4' LABEL LONGER THAN 6 CHARACTERS 
5 МО ОРЕВАМО . | 5.LABEL IS DEFINED MORE THAN ONCE 
6 ASCII STRING NOT PROPERLY ENCLOSED. | | 6 RELATIVE BRANCH IS OUT OF RANGE 
7 MISSING .END STATEMENT | 7 ILLEGAL OR MISSING ОРСООЕ. 
8 UNDEFINED ASSEMBLER DIRECTIVE ud | . В OPERAND LABEL IS DEFINED MORE THAN ONCE | 
9 IMPROPER EQUATE FORMAT T ұз 9. ‘SYMBOL TABLE FULL 
10 UNRECOGNIZABLE ASTERISK DEFINITION. 10 MISSING LABEL FOR EQUATE | 
11 INDIRECT ADDRESSING OFF OF ZERO PAGE ` 11 OPERAND LABEL GREATER THAN 6 CHARACTERS LONG 


12 INCORRECT FORM OF INDIRECT ADDRESSING; MISSING Y 12 .MOD' VALUE IS INCORRECT FOR THIS ASSEMBLER 

2-13 INCORRECT FORM OF INDEX ADDRESSING, MISSING X 13 OPERAND NOT BETWEEN 0-7 | 

14 OPERAND MUST ВЕ ON ZERO РАСЕ (00- ФЕР). p* _ 14 SYMBOL HAS ILLEGAL CHARACTER OR IS ЕН ТНАМ | 
15 ILLEGAL INSTRUCTION FOR THIS ASSEMBLER | ZIFFF | | 


Constants (Ргейх) 


Operators TN 
Prefix Character Base 


Operator Operation 
(none) 10 (Decimal) t Addition 
$ 16 (Hexadecimal) E Subtraction 
@ с 8 (Octal) .: > High-Byte Selection 
« Low-Byte Selection 


96 2 (Binary) 
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SYSTEM 65 


_`А6500/* РЕ RSONALITY SET 


INTRODUCTION | 


The Rockwell R6500/* Personality Set is a буй 65 Devel- 
opment System option that. allows the System 65 user to develop, 
debug and verify special programs intended for use by any 
-R6500 one-chip microcomputer system. The R6500/* offers the 
user a high performance development system specifically 
designed for emulation of a microcomputer system. This System 
65 option supports in-circuit emulation for the entire R6500 
family of one-chip microcomputers. 


The basic R6500/* Personality Set includes a Былай Module 
Controller (PMC), two Personality Emulator Pod Modules, a 
Device Adapter, an In-Circuit Emulation Probe assembly, an 
interconnect cable set, and the required software and support 
documentation. 


The R6500/* Personality Set provides the System 65 with a dual 
CPU capability. This added feature permits the System 65 CPU 
to maintain control, even while the R6500/* is executing a pro- 
gram, thus providing the user with complete control over the 
development process; 


“Тһе R6500/* Personality Set can be expanded to include four 
separate emulation systems which can be run concurrently on 
: the System 65 Development System. 


System 65 R6500/* Personality Set 


FEATURES 


Disk based macro assembler and debug monitor 
Provides 8K RAM in system 

Supports 65K address range in target environment 
Two hardware breakpoints with SYNC outputs 
User defined external break signal — 

Single step through interrupts 

Supports four simultaneous target developments 
No zero page address conflicts 

Power down capability 

RAM write protection 

User or system supplied power and clock 
Real-time in-circuit emulation \ 


RUN MODE/CONTROLLED ЕХЕСУТЮМ 
MODE COMMANDS 


The R6500/* Personality Set is designed to allow the R6500/* 
to execute independent of the System 65. Thus, while the 
‘R6500/* is executing code, the System 65 CPU is still in op- 
eration. This allows certain functions to be performed by 
the System 65 CPU without disturbing the execution of the 
R6500/*. Tables 1 and 2 list the commands for the Run Mode 
and Controlled Execution Mode respectively. The R6500/* debug 
‘monitor allows certain commands to be performed while the 
Н6500/" is in the Run mode. 
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М65-1ХХ- M65-2XX | System 65 R6500/* Personality Set 


Table 1. Run Mode Commands | | ORDERING INFORMATION” . 
| Description Е ы ee о ra _Н6500/" тизе йо» Sets 


Issue reset Part Number | 7. Description * ; 
Examine or modify hardware е breakpoint ~ + 
. Exit run mode M65-101 R6500/11P Personality Set, T MHz 
Return to-System 65 monitor . М65-102 | R6500/11AP Personality Set, 2 MHz . ? 
Select a new PMC board M65-111 R6500/12Q Personality Set, 1. MHz. | 
Give board number/emulator model M65-112 - г R6500/12AQ Personality Set, 2. MHz 
 Enable/disable the system pointer М65-121 R6500/13Q Personality Set, 1 MHz 
M65-122  . . R6500/13AQ Personality Set, 2 MHz 
Halt/resume run | | 
- M65-131 | R6500/41P Personality Set, 1 МН2 . 
Е | М65-132 В6500/41 АР Personality-Set, 2 MHz 
Table 2. Controlled Execution Mode Commands E M65-141 . | R6500/42Q Personality Set, 1 MHz 
| | | М65-142 . R6500/42AQ Personality Set, 2 MHz | 
| | Description | с |  Mé515! | ' R6500/43Q Personality Set, t MHz ` 
Commands to Display Memory or Registers | M65-152 - R6500/43AQ Personality Set; 2 MHz 
M Display sixteen selected memory locations < M65-161. . В6500/1Р Personality Set, 1 MHz 
«SPACE» | Display next Sixteen memory locations | M65-162 R6500/1AP Personality Set, 2 MHz 


Display previous sixteen memory locations 


: Examine/modify RAM and I/O опе byte at a time 


н пл ео ДА _AdapteriEmulator Devices o 
R Display register contents Part Number | Е Description 
Commands to Alter Memory or Registers | | М65-211 Adapter/Emulator Device * gene 
£g Alter memory location | iw (R6511Q) for R6500/11/12/13, 1 MHz 
| Alter program counter E | | | 
А ` Alter accumulator _ : id E - | > М65-212. Adapter/Emulator Device = | 
X Aller X register ^ 7 > - | EL (R6511AQ) for R6500/11/12/13, 2 MHz. 
Y Alter Y register. | ЈЕ о M65-221 Adapter/Emulator Device - 
P "| Alter processor status | | (965419) for F6500/41/42/43, 1 MHz 
S Alter stack pointer | 
| М65-222 Adapter/Emulator Device | 
Commands to Set Program. Breakpoints | (R6541AQ) for R6500/41/42/43, 2 MHz 
В "| Set or reset software breakpoint addresses | 
4 Enable or disable single step mode | М65-231 Adapter/Emulator Device 
2. Show all software breakpoint addresses | (R6500/1EC) for R6500/1, 1 MHz 
* Clear all software breakpoints | M65-232 - Adapter/Emulator Device 
C Set or modify hardware breakpoint | (R6500/1EAC) for Һ6500/1, 2 MHz 
Commands to Trace Program Flow mE Note: 
2. Toggle instruction trace on or off 1. Used to reconfigure M65-1XX Personality Sets for use with 
М Toggle register printout on or off other R6500/* Microcomputers. Replaces Adapter/Emulator 
J Show register form for printout Device in Personality Emulator Pod Module. - 


H Show last nine instruction addresses 


Disk Functions 


1 | Special disk functions _ In-Circuit Emulation Probes (? Й 
а | ови Фасо 
з Delete file ^ ү Рап Number | | Rol Description 


_ М65-200 | 40 Pin Probe and cable for 
'А6500/11Р. Prerequisite, M65-211 ог 212 


64 Pin Probe and cables for 
· R6500/12Q. Prerequisite, M65-211 or 212 


Miscellaneous Commands 

Write project memory blocks ; | а 

Load object code . М65-201 
Start execution of user's program 
Dump memory | 


m | А | 
Ж opomz-mo ~чох—-оосог-=2= 


Issue RESET 
. Verify object code. against memory 
· Return control to System 65 | 


Reinitialize R6500/1. Monitor either from. | urs 


System 65 or Н6500/1 Monitor · 
Reenter R6500/1 Monitor from Sene 65. 
Enter the Text Editor | 
Reenter the Text Editor 

Invoke the Assembler 

Select а new PMC board 

Initialize the current board - 
Enable/disable printer: | 
Give board number/emulator model 
Stop on-going process 

Allow single step through interrupts 


М65-202 = 
„г М65-203 


22 M65204 | 


M65-205 ` 


| Ма 206 | 


Мое: 
1. Used to reconfigure M65-1XX еа Sets for use with. 


64 Pin Probe and cables for 


R6500/13Q. Prerequisite, M65-211 or 212 


3 40 Ріп Probe. and cable for 


R6500/41P. Prerequisite, M65-221 or 222 


64} Pin Probe and cables for | 
| R6500/42Q. Prerequisite, М65-221 ог 222 


64 Pin. Probe and cables for 
| В6500/430. Prerequisite, M65-221 or 222 


г 40 Pin Probe and cable for 


Rod P. Prerequisite, Hout or232 . 


other R6500/* es 


М65-1ХХе М65-2ХХ 


LONG 50 PIN 
RIBBON CABLE 


LONG 40 PIN 
RIBBON CABLE 


PMC BOARD 


PMC BOARD PLUGS 
| INTO SYSTEM 65, 
ANY AVAILABLE SLOT 


SYSTEM 65 


INTERCONNECT 
CABLE SET | 


PERSONALITY MODULE 
CONTROLLER 


PERSONALITY 
EMULATOR POD 
MODULE NO. 2 


System 65 R6500/* Personality Set 


J8 


EMULATION POD 
BOARD 1 


ADAPTER 


EMULATION POD 
BOARD 2 


NOT USED 


System Interconnection 


IN-CIRCUIT 
EMULATION 
PROBE ASSEMBLY 


Basic R6500/* Personality Set 
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MEDIUM LENGTH 
60 PIN RIBBON 
CABLE 


MEDIUM 
LENGTH 
34/50 PIN 
RIBBON 


OPTIONAL 
CONNECTOR FOR 
Е, F AND С 
PORTS 


PERSONALITY 
EMULATOR POD 
MODULE NO. 1 


DEVICE 
ADAPTER 


PERSONALITY © 
EMULATOR POD 
BOARD HOUSING. 
ONE INCLUDED 
WITH EACH SET 


M65-1XX • M65-2XX 


ADDITIONAL PROBES AND ADAPTERS 


SELECTION GUIDE а 


If you already have а System 65 Personality Set for a member 
of the R6500/* family you need not purchase a complete new 
set to support another member of the family. The following 
matrix shows the minimum probes and adapters that need to 


R6500/11P _ 


| M65-201 


R6500/120 


| М65-202 
R6500/130: | | 


М65-221 
ог 222 
R6500/41P 


M65-203 


M65-221 


86500/420 | 9222 


М65-204 


"| M65-221 | 


R6500/430 or 222 
M65-205 


M65-231 
or 232 
R6500/1P 


M65-206 © 


M65-202 - 


M65-221 
or222 - 


M65-203 


M65-221 
or 222 


/М65-204 | 


М6Б5-221 · 
ог 222 


М65-205 


M65:231 
or 232 · 


М65-206 


i System 65 R6500/* Personality Set 


be purchased to reconfigure your set for another R6500/* device. 
Select the device now being supported in the FROM row, find 
the device you wish to support in the TO column. The P/N's in 
the intersection will reconfigure your Personality Set. 


M65-211 
or-212 


М65-200 


- М65-221 


ог 222 


М65-203 


М65-221 
ог-222 


М65-204 


_М65-221 


ог-222 
М65-205 


М65-231 
ог-232 


М65-206 
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М65-211 
ог-212 


М65-201 


M65-211 
or-212 


M65-202 


M65-231 
or-232 


M65-206 


M65-211 


M65-200 


М65-211 
ог-212 


М65-201 


М65-211 
or-212 


M65 202 
M65-203 


M65-231 
| 'ог-232 


M65-206 


: M65-211 
or-212 


M65-200 


M65-211 
. or-222 


M65-201 


M65-211 
or-212 


M65-202 
M65-203 


M65-231 
or-232 


M64-206 


M65-211 
or-212 


M65-200 


М65-211 
ог-212 


М65-201 


М65-211 
ог-212 


М65-202 


М65-221- 


or-222 
M65-204 


M65-221 
or-222 


M65-205 
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Microcomputer Development Systems 


`М65-001, -002, -003 


Rockwell 


USER 65 MODULES 


OVERVIEW 


The USER 65 Module permits users developing R6500-based 


products to extend the full power of System 65 Development 
System into their equipment for in-circuit emulation. Available 
in both 1- and 2-MHz versions (M65-001 and 002), USER 65 
supports all ten R6500 CPU's. M65-003 аиы is without 
the controller. 


USER 65 consists of two modules—a Host Module and a Buffer 
Module—and two interconnect cables. The USER 65 Host 
Module replaces the CPU Module in the System 65 chassis; it 
performs all CPU Module functions, plus several external func- 
tions. The USER 65 Buffer Module extends the System 65 bus 
lines (address, data, and ы) to the user equipment | 


FUNCTIONAL DESCRIPTION 


USER 65 HOST MODULE 


The USER 65 Host Module shown in block diagram ЕТЕ 
the CPU Module іп the System 65 chassis. It is capable of per- 
forming all functions of the CPU Module, plus external address 
selection, automatic power up, and external clock selection. The 
Host Module interface signals are listed in Table 1.. 


The heart of the Host Module is the R6502 (Z11) micropro- 
cessor. It controls all functions of the System 65 and the user's 
external equipment. Crystal Y1 (1 or 2 МН?) generates the 
internal clock for the R6502 CPU. Switch 53 is used to select 
either the internal generated clock or an externally provided 
clock input. 


USER BUFFER MODULE BUS LINES 


CRYSTAL 
сьоск 


INTERNAL 
CLOCK 
GEN. 


TO/FROM 
BUFFER 
MODULE 


F EXT. WRITE 


INT/EXT. ADDR, 
SELECT SW. 


INT/EXT 
CLOCK SEL. 
SWITCH 


СРО (вера) 
CONTROL. DATA ыны .. 
BUFFER BUFFER : BUFFER 


ФТИ NC/R/W 


ADORESS 
DECODE LOGIC 


SO/RDY/RES/NMI/IRO 


АО-А15` 
1 ОЕ В SELECT 


$1M2/SYNC 


SYSTEM BUS LINES (ОМ MOTHERBOARD] % 


USER 65 Host Module Functional Block d 


M65-001 USER 65 Module 


The Host Module has automatic power-up circuit consisting of 
an NES55 timer (Z3) and associated discrete capacitors and 
resistors, This circuit will genero а 100 msec гезе! pulse fol- 
lowing а | 


Тһе Нові Мосіше also contains the RS-232C апа ТТУ baud rate 
generator circuitry. Crystal Y2 (1.8432 MHz) and baud rate деп- 
erator МС14411 (213) generate a baud rate clock. The Clock. 
rate is multiplied by 16 (x16) to provide a selectable output 
baud rate from 110 to 9600. Switch S4 and the SN74152 (212) 
select the baud rate. This output is then provided to the System 

65 bus to be used by the Monitor Module. | 


The internal/external address selection is based on a decode of, 
А15-А12, using an SN74159N (Z1) decoder. This device һаѕ 
sixteen active low outputs. Each output represents a 4K address 
Space and is selected by Switches S1 and S2. The outputs are 
ORed together and inverted by SN7406 (Z2). This enable signal 
is then gated with R/W signal to form a READ signal and a 
WRITE signal, which are used in the USER 65 Buffer Module. | 


The address lines and control lines 21, 02, DMA, and SYNC are 


buffered with 1.С.в 8T97 (28-210, Z5). The data lines are 
inverted and buffered with 1.C.8T26 (Z6, Z7). All of these lines 
are brought to the System 65 bus and are also taken out to the 
USER 65 Buffer Module through series terminators (А1-А4). 


Тһе Control lines 5.О., RDY, RES, ММІ, IRQ аге brought to the 
System 65 bus and are also brought from the USER 65 Host 
Module, then buffered with open collector buffers SN7407(215). 
These inputs come only from the user's equipment; the RESET 
switch on the front panel will not reset the external equipment. 
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М65-001, -002, -003 


USER 65 Modules 


System 65 bus line DMA is used to control the address and data 
bus lines. This line is pulled up internally with a 3K resistor. By 
pulling ОМА low, the address, data and R/W lines are set to the 
float state, allowing an external board to control them for DMA 


operations. The DMA line does not stop the CPU—this must ре: 


done by controlling the RDY line as outlined in the R6500 
Microprocessor Data Sheet Order No. D39. 


USER 65 BUFFER MODULE 


. The USER 65 Buffer Module receives the address, data айа 
control lines from the USER 65 Host Module, buffers these sig- 
nals and interfaces them to the user's equipment. 


The address lines, SYNC and R/W lines are buffered with I.C.’s 
8T97 (21-23). The control lines RDY, RES, NMI, IRQ, and 6.0. 
are buffered with open collector I.C.’s SN7407 (24). The data 
lines are inverted and buffered with 1.C.'s 8T26A (Z7 and 28). 
They have series terminators of 150 ohms (Z9). 


The £1 and @2 clocks are buffered by 8T97 (Z5). To use an 


external clock, jumper N must be installed. To use £1, jumper · 


M must be installed. The DBE signal is provided for. use during 
emulation of the R6512 CPU. This line has an internal pullup 


resistor. of 3K. When brought low: it will disable the data bus 


drivers. | 


Two other signals, READ and WRITE, are buffered by 75. тће 
READ signal i is generated by the Host Module and is high when 
the R/W line is high and an external address is active. The 


WRITE signal, also generated by the Host Module, is high when ` 


R/W line is low and an external address is active. These two 
lines control the data bus buffers Z7 and Z8. 


Table 1. USER 65 Host Board to Buffer 
. Board Interface Signals 


CONNECTOR Ј1 CONNECTOR J2 


ET CLOCK 


Note: Even-numbered pins are connected to Ground. 


BUS LINES TO/FROM USER EQUIPMENT — 


SO/RDY/RES/NMI/IRO 


| DATA ^ 
BUFFER 


$1/p2/S¥ NC 


ADDRESS 
BUFFER 


| SO/RDY/RES/NMI/iRO 


$1/02/SYNC 


EXTERNAL CLK. FROM USER EQUIPMENT 


USER 65 BUS LINES 
USER 65 Buffer Module Functional Block Diagram 

USER 65 CABLES КА 

The cable assembly supplied with the USER 65 option provides 


_ the signal paths between the USER 65 Host and Buffer Mod- 
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ules, and between the Buffer Module and the user's equipment. 
Since the USER 65 option is designed to emulate all versions 
of the R6500 Family of CPU's, both а 40-pin cable and two 28- 
pin types of cables are provided. 


INSTALLATION 


USER 65 HOST MODULE 
Install the USER 65 Host Module in the System 65 as follows: 


1. Тит System 65 power ili. 


CAUTION 


Never install or remove modules with System 65 power 
on—it may cause damage to the module and/or to the 
system. | 


2. Remove the top cover of the System 65. 

3. Remove the CPU Module. 

4. Set switches S1, S2, S3 and S4 on the USER 65 Host 
Module per Table 2. The switch positions are shown in n Fig- 
иге 1. _ 

5. Plug the USER 65 Host Module into any convenient slot in 
the System 65 chasis. 

6. Route the cables from the Buffer Module radh the-back 
panel of System 65, through the slot provided. | 

7. Connect the 40- and 50-ріп cables from the Buffer Module 
to the top of the Host Module ын соппесїог аге Кеуеа with — 
SHOW 


-002, | -003 


М65-001, 


CLOCK SELECT SWITCH, ~ i 


ADDRESS 
SELECT. 
. SWITCHES 


Figure 1. 
Table 2. USER 65 Host Module Switches. 


FUNCTION - 


ADDRESS SELECT | 


These switches determine whether address selection is 
internal or external: for each 4K. byte portion of mem- 
ory space. External memory is selected when the switch 
is ON, internal memory is selected when the switch is 
OFF. 


Address Range 


. $0000-$0FFF 
$1000 - $1F FF 
$2000 - $2FFF 
$3000 - ӨЗЕЕҒ .. 
$4000 - $4F FF 
$5000 - $5F FF 
"56000 -$6FFF . 
$7000 - $7FFF | 


2261 Switch 


о хс аь ом ә 


4.7 $8000 - $8FFF 

. $9000 - $9FFF 
„ ‚ $A000- $AFFF . 

_ 58000 - $BFFF 

. $0000 - $CFFF 
60000 - $DFFF | 

’ $E000 - $EFFF 

.' $F000- $FFFF 


k CLOCK SELECT. 


| Switch. S3 selects either: the SYSTEM 65 clock (INT) 
. or an ехтегпа!, user-supplied clock (EXT). Н an exter- 
nal supplied clock is used, the frequency. must be 


10r 2 MHz + 1% if operation. of the SYSTEM 65 


mini-floppy | disks is required. и. must always be a 
TTL level, square wave, clock: input. 


BAUD RATE SELECT 


This switch | determines the ‘baud rate for either the 
RS- -232C or TTY ports. Switch settings are: 


‚ BAUD RATE 

440 

150. 

300 

| 600 

: 1200 
2400 
4800 
9600 


| (54) POSITION. 


220 
1 
22 
3 
4 
5 
6 
7E 


_„ВАЏО RATE SELECT SWITCH | 
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_ JUMPERS . 


USER 65 Host aid Buffer Modules 


8. Set Бетте 61 апа 52 оп the RAM Module per Tables 3 
and 4 to enable/disable and to ‘select. the address range of 
. the internal System 65 RAM. ate 


| "NOE 7 | 
If external RAM adddresses are selected on the USER 65 
and the same addresses are selected and enabled on the . 
System 65 internal: „ВАМ board(s), the internal RAM will 


override and prevent proper operation of the external | 
RAM. 


9. Install the top cover. 


Table 3. ВАМ Module Enable/Disable 
» _ Switch Definition 


E Enable/Disable. State 


Switch $1 /52-4 Position 


RAM Disabled: (Deselected) . - 


ВАМ Enabled (Selected)... 


Table 4. RAM Address Range Select 
зе Settings = f. 


Switch 51/52 Position "OQ M UNDE 
8K Address Range Selected | 
. $0000 - $1FFF 


($2000. фек С 
| $4000 - $5FFF | 
56000 - S7FFF - 
В 58000 - $9FFF d 
$000 ВЕРЕ | 
$6000 - $SDFFF | 


$Е000 - $FFFF - 


"Up" is toward the top edge of the module | 


Note: 


М65-001. -002, -003 _ 


USER 65 BUFFER MODULE 


Since the:Buffer Module. ва osigr ur 
_ R6500 family, specific jumpe 5'ог straps 


ust be inserted to 


support the exact CPU being emulated. Table 5 gives the strap- 


| рта requirements. Jumper locations аге. 8 wn in Figure 1. 


The Buffer Module has two modes for іні: RW: ite. For 40-pin 
CPU emulation (R6502 and R6512), the. АМУ. line is connected 


to the users equipment | as is. Since the. 28-pin CPU's do not 
provide all the address lines to the user's equipment, address | 
conflicts can occur during. System. 65 Monitor execution. A gated 


ВМ line в provided to prevent these conflicts; this line is nor- 


mally high, and goes low only when an external address is pres- =. 


ent and Pwi is low. 2 


| Тһе Buffer Module also has straps for clock selection. One ыар 


allows the 01 (OUT) signal to go to the user's ‘equipment. The 


~~ other strap is used to allow an external clock |00 (IN) or £2 (IN)] 


to be used. Switch S3 on the. Host. Module must be set to EXT 
when the external clock is ; used. | 


ЖК The Buffer Module | is provided with three TE and tiea: 


ке: 


cabels. The 40-ріп socket (23) should bé used for either of the 


40-pin CPU's, R6502 or R6512. The cable labeled: Р$00-0603- | 
_. 001 should be used to connect from J3 to the user's equipment. 
. The other two sockets (J4 and J5) are for use with the 28-pin. 
. СРО. Table 5 correlates the socket апа 28-ріп cáblé to be- 


used for each of the 28-pin CPU versions. 


"The ОВЕ. (Data Bus Enable). line for the R6512 is: available to 
, . the user's equipment. There is an internal 3K pullup resistor in 
+ the Buffer Module, so it can be left open if desired. To disable 


the data output drivers, pull the DBE line low. 


The installation procedure is: 


beds 
2. 
3. 


Remove. the top of the USER 65 Buffer Module assembly. 
Insert the desired jumpers, per Table 5. 


Connect either the 40-pin cable to plug J3 or the 28- -pin cable 


to plug J4 or J5, as appropriate. 

Reinstall the top of the Buffer Module assembly. 

Plug the free connector of the cable into the user's equipment. 
NOTE 


Any conductive foam must be removed from the CPU plug 
pins to allow proper System 65 operation even when the 
CPU plug is not connected to user equipment. 


Turn System 65 and user's equipment power on. 


ж б 


"USER 65 Modules 


са Table 5. USER 65 Buffer Module 


Equipment 
СРЈ 


6 |моаше. 
oh Socket 
М2 ACTA | 


Па | PS00-D605007 | ES 


Р500-0605-001 | - 


Connection Requirements В 


Р500-0605-001 


"| РЗ00-0605-001 


зо. "Р500-0603-001 


Р500-0605-001 


PS00-D604-001 


Р500-0604-001 1- 


_ PS00-D604-001 


*Jumper N is required with an external clock. 
USER 65 Host Module must be positioned to the EXT position 


R/W 
g1 (OUT) 


О] go UN) 
_ вм 


RES 
VSS 


| ва 


NMI 


| 92 (OUT) 


до (IN): 
R/W. 
RES 
VSS « 
тва 

02 (ООТ) 
00 (IN) 
R/W 

RES 

vss 
RDY 
тво. 
02 (OUT) 


| до IN) 


R/W 
RES 


VSS 


21 (OUT) | | 
тва с 
g2 (OUT) 
01 (OUT) 


| 00 (IN) 
-R/W 


RES 
VSS 
RDY 
2 (OUT) | 


Switch 53 on the 


when the extended clock or frequency reference is used. 


М65-001, -002, -003 


USER 65 Modules 


TYPICAL APPLICATION 


A typical application for the USER 65 module is illustrated. The 
user's system may include any combination of ROM's, PROM's, 


ВАМ”, I/O devices, and а 40- ог 28-pin CPU socket. Рог. 
emulation purposes, the USER 65. module is installed in the 


CPU socket instead of a CPU. The user must provide page 


0($0000-$00FF) and page 1($0100-$01FF) either internally or | 


externally for use by the System 65 Monitor. For system devel- 
opment purposes, the users ROM may be emulated with one 
or more RAM modules provided in the System 65 chasis. This 
permits easy manipulation, debugging, and reassembly of the 
users program during the development phase. For editing and 
assembling of the source program, the user may use the System 
65 RAM or may provide his own RAM modules externally. 


The USER 65 module may be used with the System 65 Monitor 
enabled or disabled. With System 65 Monitor enabled, the full 
resources of the System 65 Monitor are available for program 
checkout and debugging. In this mode the System 65 uses 
addresses $C000-$FFFF; these addresses cannot be used by 
the "рова ај 


USER'S SYSTEM SYSTEM 65 

ROM" 

ААМ“ USER 65 ; INTERNAL 
- 1/0 DEVICES BUFFER MODULE : ROM, 


RAM 
USER 65 1/0 = 


РОВ 86500 
СРЏ 


USER 65 Module Hook-up 
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SPECIFICATIONS 


Common Specifications 
Operating Frequency. 
Operating Temperature. 
Power Requirements 


Host Module Specifications 
Module Dimensions. 

Edge Contacts: 

Edge Contact Signals: 


Buffer Module Specifications 
Module Dimensions: 
Cable Lengths: 
To System 65 
` To User Equipment 


5 Parameter | 


1 MHz or 2 MHz 
‚0° (о 70°С 
+8 Vde = 5% @ +. БА 


9.75 т. wide x 7.50 in. high 
86 pins on 0.156 in. centers 
System 65 compatible 


4.125 in. wide x 7.375 in. high 


60 in. 
12 т, | 


~ 


Rockwell 


M65-031 o M65-032 


Microcomputer Development Systems 


| M65- 031 AND M65-032 _ 
16K STATIC RAM MODULES 


OVERVIEW 


The 16K Static RAM Module contains 16K (16,384) bytes "E 


‘Random Access Memory (ВАМ), implemented with 32 R2114 
1024 x 4 Static RAM devices and is available in either 1 MHz 
(M65-031) or 2 MHz (M65-032) version. Also included are 
address decoding and selection, write protection and data buff- 
ering опа: 


The module's 16K bytes of RAM memory are segmented into 
two independent 8K- -byte sections. Each 8K section is controlled 
by an enable/disable switch and three address range select 


switches, located at the top of the Module. Each 8K section сап . 


be О write- -protected via id lines. 


The Static RAM Module is directly compatible with the Rockwell | 


System 65 Microcomputer Development System, and can бе 

used to increase the system's read/write memory capacity from 

16K bytes to 48K bytes, without hardware modification. The 

module may also be installed in user-designed equipment, via 
the Auxiliary Card Cage. 


FEATURES 


• System 65 compatible 
e Available in 1 MHz (450 ns access) and 2 MHz (250 ns 
access) versions 


e 16K bytes of Random Access Memory, with two independent 
. 8K sections 


Separate write protect capability for each 8K section 
Static—no clocks or strobes required 

9.75 in х 6.00 in. module 

Single +5V supply - 


Document No. 29650N46 


FUNCTIONAL DESCRIPTION 


The edge connector pin assignments for the RAM Module are 
compatible with the Motherboard pin assignments given in Sec- 
tion 4 of the System 65 User's Manual шаны Мо. 29650 
N35; Order Мо. 206). | 


Тһе ВАМ Module's 16K TM of read/write memory. are pro- 
vided by 32 R2114 1024 x 4-bit stale RAM devices. 


Address Buffers : 747, 246 апа 733 and Data Buffers 732 апа 


_ 245 present а single TTL load to the Motherboard edge con- 


nector. The data signals are inverted to make them compatible 
with dc system 65 Data Bus (00-07). 


Module Switches S1 and S2 provide independent 8K RAM sec- 


_ tion enable/disable and address selection. 51-4 and 52-4 permit 


each 8K section of RAM to be enabled or disabled. S1-1, -2 
апа -3 апа 52-1, -2, апа -3 select the base. address to which 


"ће. respective 8K sections will respond. These: switch settings 


are compared to upper address bits A13, A14 and A15 in. 
Address Comparator devices Z10 and Z21. The Comparator 
outputs enable or disable 1-01-8 Decoder devices Z9 and 220 
to provide the input chip select signals to the two 8K RAM 
sections. 


Write protection is controlled by seven Write Protect lines, WP1- 
WP7, one line for each 8K section of memory (the lowest sec- 
tion, addresses $0000-$1FFF, may пої be write protected; note - 
that Z48-2 is tied to ground to permanently enable writing to this 
section). A low voltage on WP1-WP7 enables writing into the 
associated 8K section. 


When the Address Comparator enables the RAM Device Select 
Decoders, Address Select switches 51-1 through 51-3 and - 
52-1 through S2-3 are used by 235 and 236 to select one of . 
the seven Write Protect lines. The selected line controls the 
RAM Write Control signals, 234-6 and Z34-8. 


Product Description Order No. 214 
Rev. 1, August 1983 


_М65-031 and М65-032 


ADDRESS SELECT 
AND ENABLE/DISABLE 
SWITCHES 


CHIP 
SELECT 
LOGIC 


 WP1-WP7 


/R/W/O2 


CONTROL 
BUFFER 


DATA | 
BUFFER 


16K Static RAM Modules 


ADDRESS 
BUFFER 


SYSTEM 65 BUS LINES 


RAM Module Functional Block Diagram 


INSTALLATION 


Use the following procedure to install 16K Static RAM Modules 
in the System 65 or, with appropriate changes, in an Auxiliary 
Card Cage. 


1. Turn System 65 power off. 


CAUTION 


Never install or remove modules with System 65 power 
оп— may cause damage to the module and/or to the 
System. 


2. Remove the top cover of the System 65. 

3. The RAM Module has two banks of switches—S1 and S2— 
one bank for each 8K section of RAM. Using Tables 1 and 
2, select the enable/disable and address range character- 
istics for each 8K section. 


NOTES 
For proper System 65 operation таи 


a. Page 0 (address range $0000-$00FF) and Page 1 ($0100- 
$01 FF) must be provided in RAM—either internal RAM 
or external RAM as interfaced by USER 65 or its 
equivalent. | 

b. RAM addresses in the range $C000-$FFFF are used by 
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the System 65 Monitor Board, and must not be enabled 
in RAM Modules. 


4. Insert the RAM Module(s) into any vacant Peels) іп the 
System 65 chassis. 


5. Install System 65 top cover. 
6. Turn system 65 power on. 


Table 1. RAM Enable/Disable Switch Settings 


Switch S1/S2-4 Position RAM Enable/Disable State | 


Up (Off) | RAM Disabled (Deselected) 
Down (On) | 


RAM Enabled (Selected) 


М65-031 апа м65-032 | uc s E a |. J - 16K Static RAM Modules 


Table 2. RAM Address Range Select Switch Settings SPECIFICATIONS 


Switch 51/52 Position e вк Address 


Range Selected 


_ Memory Size: uos p 16K bytes >. 
 Wordlength: =€ — 8 bits e» | 
Interface: ^  . ‚ System 65 compatible 
Max. Access Time: 450 ns (P/N M65-031) | 
| 250 ns (P/N М65-032) 


$0000-$1FFF 
$2000-$3FFF 
. $4000-$5FFF 


| Module Components: _ 32 82114 Static 1024 х 4-bit RAM 
E ‚ A devices 
Module Bine ste: | | 975. wide x 6. 00 i in. high 
` Edge Connector: | - 86 pins on 0.156-in. centers 
Operating Temperature: |. ОС to +70С. | 
Power Requirements: _ +5 Мас +5% @ 3.0 amps (typical) 


$6000-$7FFF 
| .$8000-$9FFF 
$A000-$BFFF 
$C000-$DFFF 
$E000-$FFFF 


Note: “Up” is toward the top edge of the Module. | 


LOGIC LEVELS ТА = 0°C to +70°C, Мос = +5V =5% | | А 


Characteristic 


“Inputs (DO-D7), A0-A15, WP1-WP7, 02, RW: 
^. Input Low Voltage 
77 Input High Wottage | 


Outputs (00- 57) | "v ^ | | | 
. Output Low. Voltage я | | Қ | { | По. = 48 ma 
|^. Output High Voltage ра ЖЕ 5 | 2 lon = 10 та | 


| 630 


6% 


Rockwell 


| М65-040 - 


Microcomputer Development Systems 


M65- 040 


РВОМ PROGRAMMER MODULE 


OVERVIEW 


The M65-040 PROM Programmer Module provides System 65 
users with a means to program, verify, read and check Pro- 
| grammable Read Only Memory (PROM) devices, and supports 
2704, 2708, 2716, 2516, 2532, and 2758 devices. The PROM 
Programmer Module connects directly to the PROM Socket on 
the front panel of the System 65 chassis, via supplied cable. 


. The Module is supplied with a mini- ioo) diskette which holds 
a set of software routines that allow the user to check a PROM 
for proper initialization, program the PROM from System 65 
memory, verify the PROM with System 65 memory, and read 
the contents of the PROM into memory. Utility functions to load, 
eum and dump Unas are also suppied. 


FEATURES 


. System 65 development system compatible 


• Supports programming of 2704, 2708, 2516,. 2532, 2716 
(Intel. and Texas Instruments) and 2758 PROM devices. 


• Comes with software on mini- floppy diskette 


FUNCTIONAL DESCRIPTION 


The edge connector pin assignments for the PROM Pro- E. 


. grammer Module are identical to the Motherboard pin assign- 
ments given in Section 4 of the System 65 Ше Manual 
(Document No. 29650N35). | 


| Table 1 summarizes the PROM Socket interface, and applies 


to both the PROM socket located on the PROM Programmer : / 
Module: ала іһе PROM Socket located on the System 65 front | 


panel.. 


М65-040 PROM Programming Module | 


The PROM Programmer Module consists of two R6520 Periph- 
eral Interface Adapters (PIAs), data buffers, address decoders, 
р 26У ромег supply, level shifters and DOWD circuitry. 


The power- up circuitry (Z9) теге an automatic reset during 


„power-up. A reset signal may also come from the Reset line of 
ће System 65 Bus. 


‘The PROM Programmer Module. contains data bus buffers, 712 


апа 213, to provide a logical inversion and a single TTL load to 
the System 65 bus signals. The two R6520 РІАв, 25 and 28, 
are used to store the address, data and control information for 


the PROM device. The address, Read/Write (R/W), and 02 sig- 


nals are buffered and decoded by 210, 211, 214, 215 and 216. 
PIA No. 1 is addressed at locations $C018-$C01B. PIA Мо. 2 
is addressed at locations $С01С oe Е. 


Тһе РВОМ демсе receives address lines А0-А9 and data lines Е 
ро-07 directly from the PIA devices. The program lines (see 


| Table 1, PROM socket pin nos. 18, 19 and 20) are level-shifted 


to provide either OV, +5V, +12М, +25V or +26V to the PROM 


device, depending on the device type. The 26-volt power is gen- 


erated fom the +5-volt power through a DC-DC converter, Z6, 
and an adjustable voltage, regulator, Z1. Relays ХН1 through 
XR4 аге. used to switch the power lines. (see Table 1, PROM 
socket pin nos. 21 and 23) to +5V, +12М and —5V to the PROM 


у device, depending on the device type. The —5V power is gen- 


erated from the —12\ power line E a voltage reguiator, 
99. | 


Table 1. System 65 PROM Socket Interface Summary | 


PROM Device Type 


УССФЕ) | УСС. | VCC 


Document No. 29650М42 


Product Description Order No. 213 


“Rew. 3, August 1983 > 


26-9 Е 


222 RES ÓZR/AW aoai = 0007 —— ae АВА? 


РВОМ SOCKET | 


“АСА? DOD? = ss АВ. A9 JEUNE ра 


РА МО. 2 


С PIA NO. 1 27 
- R6520 0 


R6520 


| - ADDRESS - Ж 
DECODER d 


DATA 805 
BUFFERS | 


SYSTEM 65 BUS. 


- Note: АН зав. меге prepared. 
м -using SYSTEM 65 Operating ` 
epus „с System Version 3. 


тт 


© PROM Programmer Functional Block Diagram | | 


PROG RAM/POWER LINES — 


ү уо 


ST 2E ) Е РОТ ENTI: SMS 
ADJUST cM 


| ајпроуј лешшезбола мона 


| М65- 040: 


‘PROM Programmer Module ae 


| MODULE INSTALLATION 


Install the PROM Programmer: Module as follows: 
1. Turn System 65 off. | 


CAUTION 


Never install or remove modules with System 65 power- 
on—it may cause damage to the module ‘and/or to the 
System. 


. Remove the top cover of the System 65. 


. Insert the PROM Programmer Module into any vacant slot 
in the System 65 chassis. 


00 ~ 


4. Connect one end of the supplied Gabe to the connector оп. 
top of the PROM Programmer Module and the other end to 


the connector mounted on the inside front panel of System 
65. Observe the correct polarity of the plugs and sockets; 
i.e., align the arrows marked on the plugs and sockets. 

. Install the top cover of the System 65. 

. Set the System 65 RUN/STEP Switch to RUN. - 


о а 


|. NOTE. 


| The. PROM programmer will not operate properly if the 
RUN/STEP Switch is in the STEP position. | 


N 


. Turn System 65 power on. | 

. The PROM Programmer Module has an automatic reset fea- 

ture. The standard power-up message should appear оп the 

. "system terminal device at power-on. A manually-initiated 
а Да however, De performed whenever required. 


со 


| PROM DEVICE INSERTION/REMOVAL. 
CAUTION 


The Prom device is fragile, and dropping, twisting or 
"uneven pressure may break it. Never press down on the 
window area of the chip. | 


The PROM device may be inserted into System 65 front panel 
socket or into the socket located on the PROM Programmer 
. Module. | 


CAUTION. 
Only one PROM device should be installed at a time—in 
either the System 65 socket or the PROM Programmer 
. Module socket. Programming with PROM devices installed 


dn both locations | may cause. erroneous results and/or 
281808 to the PROM. 


РВОМ. INSERTION/REMOVAL ON THE SYSTEM 65 
| FRONT PANEL — 


To insert the РНОМ демсе: 
1. Ризћ Ше РВОМ socket lever out from the System 65 front 
panel, to release pin pressure. ` 


"2. Position the PROM device in front of the socket, being careful 
to observe the Pin 1 location, .  - 


CAUTION 


Incorrect PROM installation may cause PROM damage. 
and/or may. blow Fuses F1 and F2 on the PROM Рго- 
„grammer. Module. 


3. Insert the PROM into the socket, then push up and in on ie 
_ Socket lever to apply pressure to the pins. 


To remove the PROM device, grasp the PROM device at each 
end, then push the socket lever away from the System 65 front 
panel to release pin pressure. 


PROM INSERTION/REMOVAL ON PROM 
PROGRAMMER MODULE - 


To insert the PROM device, 'Dosition Ше PROM device іп front 


of the socket, being careful to observe the Pin 1 location. 


CAUTION 


Incorrect PROM installation may cause PROM damage 
: and/or may blow Fuses F1 and F2 on the PROM Pro- 
grammer Module. | 


With the РАОМ properly oriented, gently start all pins evenly _ 
into the socket pin guides. Then press firmly and evenly on the _ 
device (avoiding contact with the light window) until the device 
is securely seated. | 


To remove the PROM device, exert an even, upward force on 
both sides of the device while counteracting with a lesser, evenly 
applied downward force. This will prevent the PROM device 
from popping out one side and bending or breaking pins still 


из engaged : at the other end of the socket. 


| OPERATION 


. The PROM Programmer Software allows checking, reading, ver- 


ifying and programming 2704, 2708, 2758, 2516, 2532 or 2716 


и type devices. The data/instructions are copied to/from the System 


65 RAM memory in the address range specified by the user. 
The user can then transfer this information to/from the diskette 
(or other /О демсе) using en 65 software routines. 


LOADING THE PROM PROGRAMMER ROUTINES 


There is one PROM programmer object file supplied оп the | 
PROM Programmer diskette, PROM*"n, where "n" is the pro- 


gram release revision letter. File РАОМ*п occupies from $0200 
to $ОЕЕЕ. User programs can be loaded starting а! $1000. To 


load the PROM*n program, use the System 65 Load Command | 
L. Then enter the file name (PROM*n) and disk drive number 


_ desired. Since the PROM"n program may occupy the same 


memory area in which user's data may reside, an offset may be 
applied to the user's data to locate it to $1000 or above (see 


. Load, Verify and Dump functions with offset). РАОМ*п uses 
"раде 0 ($0080-$009A) and page 1 ($0100-$01FF).. 


NOTE 


. The System 65 RUN/STEP switch must be in the RUN 
Position for FROM programming. | 
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РВОМ Programmer Module 


M65-040 


After the program is loaded, use the five (5) key to start the 
PROM Programmer routines for a 1 MHz system or the six (6) 
key fór a2 MHz system. The 5 (or 6) key may also be used for 
reentry into the PROM Programmer routines. Once the routines 
are entered, the only way to exit back to the System 65 monitor 
is to press the ESC key, if the program is waiting for input, or 
the Reset switch. 


The PROM Programmer PROGRAM PROM(P) and VERIFY 
PROM (V) functions require that the data to be programmed 
and/or verified be in RAM memory prior to execution. If the pro- 
gram data resides on diskette (or other media), use the System 
65. Monitor L command to load the object code. into memory 
before entering the PROM programmer functions with key 5 (or 
6). Alternatively, use the PROM Programmer L command to 
load the program data with optional offset after.the PROM Pro- 
grammer functions have been entered. | 


РВОМ РВОСВАММЕВ OPERATION 
Before entering any о! the PROM Programmer functions to 


follow, ensure that the required PROM device is installed in the | 
desired PROM socket—the System 65 front panel socket or the | 


PROM Programmer Module's PROM socket—per the PROM 


Device Insertion/Removal instructions. The PROM Programmer | 


functions may be entered in the. absence of an installed. PROM 
device, but this may cause verify errors. x 


| CAUTIONS | | 
1. Insert à РВОМ device only when System 65 power is - 
on and either the Monitor prompt (<) ог the PROM: ·. 
Programmer prompt (=) is the last character displayed - 
on the system terminal. Failure to do so may cause 
damage to the РНОМ device. ; 
2. DC power to the PROM device installed in the PROM 
socket is set to zero upon System 65 power-up or 
depression of the Reset switch. During a PROM Pro- 
grammer function, DC power is supplied to the PROM _ 
socket after entry of the last address, then the com- _ 
manded PROM programming function is performed. 
The DC power is removed upon completion of the-pro- 
gramming function, before the next PROM Pro- 
grammer prompt character (=) is displayed. 


Once started, the routines will ask the user for certain infor- 
mation. This information should be entered on the system ter- 
minal. For numbers or addresses, type т the number followed 
by a space o. carriage return to.terminate the number. Leading 
zeros are not necessary. Only the last four digits of the number 
are used. If a mistake is made before pressing the space bar 
or carriage return, reenter the correct number (all four digits). 
If a mistake is made after entering a number, exit the PROM 
Programmer routines using the ESC key or Reset switch on the 
front panel and restart with key 5 (or 6). If an invalid command 
or number is entered the routines will print WHAT? and ask you 
to reenter. 


Following illustration is an example of a PROM Programmer 
load and initialization along with the user's response. 
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Next, the data to be copied to the PROM device сап be loaded 
using the | command. In this example, the file USERIN was 
loaded. Type 5 (or 6) to start the routines. Next, enter the device 
type. If a 2716 was entered, the message TMS 2716 (Texas 
Instruments) PROM? will be printed. Enter Y for yes or N for 
no. The routines will reprint the device type for verification each 
time a new function is requested. A single character should now 
be entered to indicate the function requested as outlined in the | 
subsequent text. |. | 


<LOOFFSET=8000 IN=F FILE= PROMSE „ отвкеа 
DONE - 

PROM PROGRAMMER FOR 1 MHZ SYSTEM СУЕВ ED 
ENTER 2704, 2768, 2758, 
-2716 
TMS 2ris 
саң 


2716, 2516, 2552 


PROM? 


ЖАО 22 
DEVICE ТУРЕ», 

2716 | 
ЖЕЖ Ж ЖКЖ “ЖЖ 


ENTER PROM COMMAND: VERIFY СМ», РЕОВЕВМСР У, READS Б», ок СНЕСКССУ 
ПЕ MEMORY COMMAND: VERIFY ХР», LORC «СО, DUMP «D», МЕМ FILLE ІММУЕЕТКІ) 


Ромег-Џр апа Loading Чезройнеч, ; 


_ РВОМ PROGRAMMER RE-ENTRY 


After initialization by the (5) or (6) entry and selection of a PROM 
type, the PROM Programmer function may be re-entered from 
the System 65 Monitor by typing 7. This allows the. Monitor to 
be entered from the PROM Programmer to perform utility func- 
tions then the PROM Programmer quickly re-entered to continue 
PROM operations. Initial entry using key 5 or 6 must be used, 
however, to change PROM type selection. The message WHAT? 
will be displayed if Key 7.is typed prior to initialization of the 
PROM Programmer function: 


ADDRESS SE LECTION 


The addresses entered are the hexadecimal locations of the 
RAM memory used for checking, programming, reading, or ver- 
ifying. The upper address bits are then stripped off to form the 
address for the PROM devices. In general, the addresses must 
comply with the following restrictions: 


1. Cannot be Page 0 ($0000-$00FF) or Page 1 ($0100-$01FF). 

2. Cannot overlap the PROM Programmer routine for file name 
РАОМ*п ($0200-$0FFF). 

3. The last address must be 4918: than or equal to the ща 
address entered. 

4. The address range from first to last must not exceed the size 
of the PROM being programmed. 


In addition, there are further restrictions on certain PROM 
devices, imposed by the. РВОМ manufacturer. The 2704, 2708, 


гапа TI TMS2716 must be programmed using their total address 


space during one programming. This means that the 2704, 
2708, and TI TMS2716 must start on a 1/2K, 1K or 2K address 
boundary, respectively. They also have to extend 1/2K, 1K or 
2K bytes in length, respectively. The 2516, 2532, 2758 and Intel 
2716 do not have this requirement. Therefore, single byte or 
multi-bytes may be programmed within the address range of the 
device. The routines are designed to check for any invalid 
address entered and will print WHAT? and ask for the address 
again. 


| M65-040 | 


2 PROGRAM FUNCTION (THE P >» COMMAND) - 


_ The Program Function (Р). loads the: ‘contents of E 65 UA 
‚ memory . into PROM. | is entered by pressing the P Кеуіп | 
5 response to the ENTER command message. Тһе routines will , 


| ask where any errórs detected during verifying should be printed. 
This. is indicated. by the message ERROR LIST ООТ-: Enter 


any of. the standard VO device characters (space for CRT, P for | 


: Printer, etc. Ја: 


E After the first and last address i is entered. the routines will cheek 
to see if the РВОМ. 15. initialized. Since these PROMs are ini- 
tialized to an all-ones condition by placing them under an ultra- 


violet light, a check is made prior to programming | for an all-ones . P 


" condition. И апу zero is detected in the bounds of the address 


^ range entered, the messages PROM NOT INITIALIZED and | 


CONTINUE Y or N will be printed. The use ‘has the option of. 


| aborting the programming: (type: М for no) and initializing the 
РВОМ properly. or continuing with the programming by typing 
‘the Y (yes) key. E 


к is possible to М а1 00 with the PROM programmer, 
but the PROM must be exposed to an ultraviolet light to set the 
bits. back to one's according, to the respective manufacturer's 


specifications. If the PROM is initialized or “Y” entered, a star Е 
© Will be printed every 1-5 seconds, indicating programming in . 


_ progress. After programming, the message VERIFYING will be 
. printed and the PROM device will be verified against the spec- 
-ified RAM locations. This is automatically. done every time. If 

there are no errors detected, the message DONE will Бе printed 


_Р_ОМ Programmer Module | 


-NOTES 


Кој А verification error “shiny a series of 1 sina рве "i i 
< PROM bit position after programming may indicate a _ 


. poor. connector contact caused by improper. PROM = a 


installation in the PROM socket. See the. PROM Dewi 

^. Insertion/Removal instructions. P zü 

- "2. If fuse F1 or F2 ori the PROM Pribramimel Module i is zi 

22 blown, the PROM may по! verify correctly. Verify. thet e 
both are good ifa River. error occurs. > : 


VERIFY FUNCTION (THE v COMMAND) | 


С The Verify Function (V) verifies the contents of the PROM with i М d 
the contents of System 65 RAM. It is entered by. pressing. іне n 
‚ V key in response to the ENTER command пое, па 


‘The routines will réqüést where any errors detected should Бе | 


2 printed. This is indicated by the message ERROR LIST ООТ-. 


.Enter any of the standard ИО. демсе characters defined in the 


. System 65 User's Manual (space for CRT, P for Printer, etc.) | 


Next, type in the first and last addresses. As soon as the last 


address is entered, power will be applied to the PROM device . | 


and the contents of the PROM compared to the respective con- 
tent of the RAM. If no errors are found, the message DONE will 
be printed, and the next operation requested. If errors are 


peo detected, the address, contents of PROM, and contents of RAM 


in disagreement will be displayed/printed on the selected S m | 


с - device. 


‚ and the next operation: requested. Any errors detected will be | 


E printed on Ше selected Vo movies: 


Ta | PO ыт 
|| PROM PROGRAMMER FOR i. "e svsren. «VER. E». 
| x 
‘ENTER. 2704, 2708. 2758.2716, 2516, 2532. S agi ! 
“2716. END О ОҚЫ 
| Tes 2716 PROM? T LEN КЕНЕ ша 
= 4 | ~ у ! ; | , | 


EE, наще ци MSS 
J DEVICE; ТҮРЕ  — 00 

2246 0 

Jtem 


Dx ENTER. PROM ‘COMMAND ЧЕРТЕ СУУ, РЕООВЯМСР». READCR). OR CHECK <C> 
OR: MEMORY: О дане me име (ро, MEM. БАРУ: INVERTCI 
E aP. Bo i us ere n 
„| PROGR 
af ERROR L LIST 


| ENTER FIRST soDRESS. MC 
22000 


a ENTER Last ADDRESS | ve: 
po m 


| PROM NOT INITIAL ED ^ 

| | CONTINUECY ок мо care 

КЛИ 2 | 

E РГ: HO а 
| DONE | | | | 


СЦ VERIFYING 


E (DONE 


ЕН рејдер 
DEVICE ТУРЕ< B 
2716 ЕНСЕ 
ванна 


B ENTER PROM ( COMMAND: ARIN; PROGRAMCP >; READER); ок CHECKED 


OR MEMORY COMMAND : VERIFY CF >, LOAD<L>, DUMP CD», MEM FILLIM) INVERTCI> | 


Program Function Example Е 


«5» HMM E ри а 
РЕОМ PROGRAMMER FOR а MHZ SVSTEM (VER E» 


ENTER 2704, 2700, 2758, 2716, 2516, 2512. 
=2716 

Heg 2716 PROM? 
| M. ` Ко 

tote toon n 
DEVICE TYPE= 


2716 
pertinet 


`. [ENTER PROM COMMAND: УЕЖІРУСУ», LPROGRAMCP), ВЕРОСЕ>, OR СНЕСКСС) 
ТИ ама 


' COMMAND : VERIFY CFDs БӘКЕН DUMP cD), MEM И 
| UR \ Е наи: иа Е 7 es р m t 


UR 
(n 
E 


5 | онты. ; Ы + | 
|, ENTER FIRST ADDRESS | INOPIAM eee 


‚ у алда 
| a LAST ADDRESS 


| DONE 


E 
DEVICE ТУРЕ= 


E 2716 


зе јео ове | 


up ENTER PROM: COMMAND : VERIEYCV)» _PROGRANCP). ГЕЗ OR СНЕСКСС). M 


^ “After the first and. last addresses are. entered, ‘power will. be Qu 
- applied. to the PROM and the. contents copied into. the specified Dau F 
_ ВАМ locations. When completed, the message. DONE will | be ` ам 
> punton and the next t oporana requested. D 


OR MEMORY. COMMAND : , MERIRYXE»: LORDCL)DUMPCD); MEM Еш. см, INVERTI’ 


ды. гилер атра “Ы Errors t 


| READ FUNCTION (THE | R COMMAND) | VEO 
< The Read Function (А). reads the contents of PROM into System 


“65 ВАМ. it is entered: by pressing the R key: in; pod p the р | 
Te | ENTER command пое Е ҒА 


тш oe 


635 —. 


_ M65-040 | 


_РВОМ Ргодгаттег Module 


The PROM Programmer READ function reads program data 
into System 65 RAM memory from PROM. After reading is com- 
_ рае, save.the PROM data on diskette (or other media) using 
“the System 65 Monitor D: Command after exiting the PROM 
Programmer functions: Alternatively, use the PROM Pro- 


grammer D command to dump: the data with optional offset: 


Беюгепе PROM Programmer functions are exited. The amount 
to be. stored or loaded at one time is limited ony by the RAM 
locations available. 


РЕНЕ | NO те 
PROM PROGRAMMER FOR 4 MHZ SYSTEM <VER E> 


| ENTER 2704, 2708, 2758, 2716,2516, 2532 | 
«2746 | 
| TMS 2716 PROM? | 

LI 


ARREN OET 
DEVICE ТҮРЕ» 

‚ 2716 . : | 
Синие 


| ENTER PROM COMMAND : УЕЕЇЕҮ СУЗ, РКООКАМСР), RÉADCRÓ, OR СНЕСКСС» ЈЕ 
Jo OR. MEMORY COMMAND : VERIFYCF >, LORDCL5, DUMP<D>, MEM FILL¢M>, INVERTI) 
ak A | 

“READ | 

ENTER FIRST ADDRESS 
'=1000  : 

ENTER LRST ADDRESS . 
-17EF > 


ПИС 


DONE. 
————— С ' ` 
"DEVICE ТУРЕ= we пие 


2746 | Me | E | 
ыыы | Це | IM FO ви 


| ENTER "PROM COMMAND : VERIFYE) РЕООВАМСРУ. RERDcR», OR CHECK <C> 


OR MEMORY COMMAND : VERIFYCF Э, LOAD<L >, DUMP «D», МЕМ ЕТЦ «М>, 1МУЕВТ СТО |. 


Read Function Example 


| s CHECK FUNCTION (THE C COMMAND) 


Тһе Check Function (C) is used to check that. the PROM is 
initialized. It is entered by pressing the C key in response to the 
; ENTER command message. 


- After the first and last addresses are entered, power is applied 
* to the device and all specified locations are checked for $ЕР. 
“Тһе message PROM NOT INITIALIZED will. be printed if all 
locations do not contain ЕЕ. The message DONE will be printed 
when the Check Function is complete. 


«5» ре 
PROM. PROGRAMMER FOR 1 MHZ SYSTEM (VER Е». 


ENTER 2704, 2706, 2758, 2716, 2516, 2532 
=2716 | 

TMS 2716 PROM? 

=N 


| нонок ККЖ АЕ 
| DEVICE TYPE= 

2716 

RR EE EE NEE EEN 


"ENTER PROM COMMAND: "VERIFVV5; PROGRAMCP), ВЕВОСКО, OR СНЕСК‹С> 
| ок MEMORY COMMAND: МЕКТЕУСЕ, говора», DUMP<D>, МЕМ ЕЛО СМ), INVERTCID 
саб. . 

- CHECK 

ENTER FIRST RDDRESS 

-1000. 

ENTER LRST RDDRESS 

BATFF pg 

PROM NOT INITIALIZED 


"РОМЕ |. 2 


ЕС 
DEVICE ТУРЕ= 
2716. ; 

temen 


| ENTER PROM: COMMAND :: * yERIFVOVD, PROGRAMCP>; КЕВОСКО, OR СНЕСК<С> 
OR MEMORY COMMAND : МЕКТРУСР>, LOADCL), DUMP(D), MEM. FILEM). ‚ INVERT«I» 


: Check Еупеноя Example ~ 


шити 


LOAD MEMORY WITH OFFSET FUNCTION 
(THE L COMMAND): | 


The Load Memory with Offset Function (1), copies dila from an < 


‚ input object code file into memory addresses offset by. an 


entered amount from the addresses on the input file: The entered 
offset value 15 additive with carry from bit. 15 ignored, e.g.: 


Input File E s Offset JA Address іп 

Address . _ „Маме z Метогу 
$1000 ..— 675. сър $4000 

-$1000 ^" $2000 © = 93000 
$7000 2 $A000. |. . $1000 ` 


| 52000 _ 52000 ^ ` - . $1000 


<5> 
РКОМ. PROGRRMMER FOR 1 MH2 SYSTEM (VER E» 


- ENTER 2704, 2708, 2758, 2716, 2516, 2532 
22716 

TMS 2716 PROM? 

= 


моон нене о е он о | 
DEVICE TYPE= 

2716 

mm— нй 


ENTER РЕОМ | COMMAND: WERIFYCV), PROGRRMCP, READER), OR СНЕСКСС» : 
OR: MEMORY COMMAND : VERTEVSE >: (LOAD <->, DUMP CD», МЕМ ЕО: INVERTS ТО, 


LOAD . UE 

“ӘЕРБЕТ ООО, INeF “FILE=AINBRS DISKe2. n 
ES | de e 
ыы 

DEVICE ТУРЕЕ  - 


[2016 · 


ый | 
| емтек PROM : ‘COMMAND: VERIFYE, РЕОВЕАМСРУ, ЕОс); OR снесксс» | 
сок: MEMORY COMMAND: VERIFYCF2, LORDS) BP соз, MEM: FILL CMDs INVERT I> 


| Load Memory with Offset Function Example: 


VERIFY MEMORY WITH OFFSET FUNCTION 
(THE Е COMMAND) | 


The Verify Memory with Offset Function (F) compares the con- 
tents of an object code file with the contents of memory at 


addresses in memory offset by ап entered: amount from the 
addresses on the reference object code file: The entered offset 
is additive in the same manner as the Load with Offset function. 
Тһе contents of both memory (MEM) and reference file (FILE) 


are displayed/ printed along with the: address РІНЕ ! апу dif- 
| ferences in value are бане: | 


<5> | 
PROM PROGRAMMER FOR 4 MHZ SYSTEM (VER E>. 


ENTER 2704, 2708, 2758. 2716, 2516, 2532 
=2716 

TMS 2716 PROM? 

=N 


каня еничари 
DEVICE ТУРЕ= . 

2716 ; 

ц DIOR HORII IRI ACHR 


ENTER PROM COMMAND: МЕРТУ СУУ, PROGRRMCP?, ВЕС, ОВ СНЕСКССУ > 
OR MEMORY COMMAND: VERIFY<F>, LOAD(L>, DUMPCD>, MEM FILLCM>, INVERTCID 
=F 

VERIFY 

OFFSET=D@@@ ІМ=Ғ FILE=AIMBAS DISK-2 

ERROR LIST ` 

OUT-L | RDDR/MEM/FILE 

2000 кв 58 2200 4C 52 


senes eoo pode окно жж 
DEVICE ТУРЕ= 

2716 
жокко кокк ook 


ENTER PROM COMMAND: VERIFY<Y>, PROGRRMCP2, КЕНОСЕ >, ОВ СНЕСКССО 
ок MEMORY COMMAND : ‚ ЧЕРТЕУСР>, LORD«L 2, DUMP <D); МЕМ кы сә, INVERTCID. 


Verify Memory with Offset Function Example with Errors 


E 040 


_ DUMP MEMORY WITH OFFSET FUNCTION 
^ (THE D COMMAND) | 


Тһе Dump Memory with Offset Function (D) copies data from | 


memory to an output object code file with addresses in the 
output file offset an entered. amount from the addresses in 


. memory. The entered offset value is additive from the output Г 


file to memory with carry from bit 15 ignored; e.g.: 


Output File Offset Address in 
Address (FROM =) · : Value Memory 
_ $1000 e d маза. s a 2 $1000 _ 
$4000 .. $D000 $1000 
$1000 $8000 $9000 
$A000 $8000 


_ $1000 


<5> | | , 
PROM PROGRAMMER FOR 1 MHZ SYSTEM «VER E» 


ENTER 2784, 2708, 2758, 2716, 2516, 2532 
-2716 

TMS 2716 PROM? 

=N 


ak ake ak aea Foo Roo оК Жок Ж 
РЕМТСЕ ТҮРЕ= 

2716 

Зое де еј ы ы ој ено ыыы 


ENTER PROM COMMAND: VERIFY CV», PROGRAMCF>. КЕНО<К>2, ОК СНЕСКСС> 


20 
DUMP 
OFFSET=Deee OUT=F FILE=PRMOUT DISK=2 
‚ FROM=4080 TO=47FF 
МОРЕ? . 
^ ook do pog pog poppe pop ик жн 
DEVICE TYPE= 
2716 | 
жжке 


ENTER PROM COMMAND: VERIFYCV5, PROGRRMCP», READCR>.OR СНЕСКСС> ] 
| ок MEMORY COMMAND : "ЧЕКТЕЧСЕ», LORDGL», DUMP (D>, МЕМ ЕТ. СМЭ, INVERTCID 


Витр Memory with Offset Function Example 


"5 MEMORY FILL FUNCTION (THE М 1 COMMAND) | 


u ВАМ іо бе initialized to an entered bit pattern. The desired 


_ PROM object code can then be loaded. All unloaded memory 
in thé PROM address range will remain initialized with the pre- 
viously filled bit pattern. This allows PROM codes over a total 


PROM address range to be easily verified without invalid data 


errors being indicated аи: to random bit. parems in. unused 
ОЭ 


| Enter the bit pattern to be loaded i in пе вета in. téspónse 


OR MEMORY COMMAND: VERIFY<F>, СОАО >, РЏМРСО>, MEM ЕТ. СМ», INVERTCI> | 


PROM Programmer Module 


T mU ААА 
PROM PROGRAMMER FOR 1 MHZ SYSTEM СУЕК Е) 


| ЕМТЕК 2704, 2708, 2758. 2716, 2516, 2532 8. 


=2716 
TMS 2716 PROM? 
LE | с 


3. жеоо нонсенс нов нонок 


“DEVICE ТУРЕ= 
2716 | 
жонон ненац оценен оцон 


ENTER PROM COMMAND: ЧЕКТЕФСУ >, РЕОБЕАМСР >, READER); OR СНЕСКССУ. 
OR MEMORY: (COMMAND: VERIFYCF >, LOAD <L>, DUMP < D>, MEM ЕТИ СМ), INVERTCID: 
ам 


| MEM FiLL-ee 


Евомей ва  TOs13FF 
—-—————A—"——————: 
“DEVICE TYPE= 

2716, 
| 


| ENTÉR PROM COMMAND : VERIFY СМ У, PROGRAM(P>» RERDCR2, OR снесксс> 


ок MEMORY COMMAND : VERIFVCEO, LORD SL une epo, MEM FILLCM), INVERTI) . 


- Memory Fil Function Example 


INVERT MEMORY (THE | COMMAND) 


The Invert Memory Function (I) allows selected bits to be inverted 


within a selected address range. This function allows {ће соп- 


tents of RAM to be easily one's complemented if the PROM 


. code is to be inverted from the ROM code. 


Enter the bit pattern to be exclusively or'ed with memory. A "1" 


ina bit position will invert the bit value while a “0” will leave the 


bit value unchanged. Enter "FF" to invert all bit values and "00" 


... to invert none of the bit values. Terminate the entry with a car- 


to the MEM FILL= prompt. The last two digits entered will be | 


accepted. Terminate the entry with a carriage return. Then enter . 


the starting and ending addresses in hexadecimal of the RAM 
^to be filled. Terminate entries with a carriage return. The last 
out digits entered will be асоергва: 


"паде return. The last two digits entered will be accepted. Enter. 
the starting and ending addresses as described for the. MEM 
FILL function. | 


«S2 1 | | 
PROM PROGRAMMER FOR 1 MHZ SYSTEM (VER E) 


ENTER 2704, 2708, 2756, 2716, 2516, 2532 | 
#2716 

“TMS 2716 PROM? 

“еМ 


ы ИЕ ыы 
|; DEVICE ЛУРЕ= 


4.2716 


и 


ENTER PROM COMMAND: VERIFY V>, PROGRAM(P>. READCR>. ОК СНЕСКСС> | 

7 OR MEMORY COMMAND: VERTFYCF>,LORD<L>, DUMPCD>, МЕМ FILLCM, INVERT< I> 
al 

INVERT BITS=FF 


ЕРОМ=1000 TO=13FF - 
нокко нокко 
DEVICE’ TYPE= 

2716: > | 

DIO HOO ola o k 


Lus ‘PROM COMMAND : VERIFY СУ», РКОВКАМСР», вЕВОСКО, ов CHECKE? | 
| OR MEMORY COMMAND : VERIFYCF 2, LOAD<L>, DUMP Ср), МЕМ FILLCM), INVERTCID 


Invert Bits Function Example 


М65-040 ems Дер MN PROM Programmer Module 


SPECIFICATIONS 


| PROM Devices Supported | 2704, 2708, 2758, Intel 2716 and Texas Instruments 2716 


Programming Tie (approximately) m 2704—100 sec. 
| pp | 2708—200 вес. 
2758— 60 sec. 
Intel 2716--120 вес. 
ТА. 2716--400 sec. 
2516--120 вес. 
 2532— 240 вес. 


Module Dimensions m 9.75 in. wide x 6.00 in. high | 


" Edge Connector ^ ^. z о PIS 86 pins on 0.156 in. centers | 


Bou i E 0° to + 70°С 


Power Requirements. | | | +5 Мас = 5% @ 750 ma (fused at 2 amps) 
| за | +12 Мас + 5% @ 50 ma (fused at 7 amp) 
-12 Мас + 5% (9 50 ma. 


Fuse Description ^^ | 5 7 FA AGC %А—250\ (Bussman) 
UH кчы: at ' ТАКО | i .F2—AQGC 2A—250V (Bussman) 
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Rockwell 


· M65-045 | 


_ Microcomputer Development Systems 


M65- 045 


 PROM/ROM MOD ULE 


OVERVIEW 


Тһе М65-045 PROM/ROM Module permits system read only 
memory to be increased by up to 16K bytes. The module рго- 


vides 16 24-pin DIP sockets for accepting industry-standard 


2708, 2716, or 2758 PROM devices, ог 2316 or 2332 КОМ. 


devices. PROMs and ROMs cannot be mixed on the module. 


The PROM/ROM Module's 16K-byte address space is seg- | 
mented into four independent 4K-byte sections. Each 4K-byte- 


section is provided with a switch for selecting its base address. 
Further, each socket has an individual enable/disable switch, 
providing resolution down to 1K bytes. 


FEATURES 


System 65 compatible 

16K-byte read only memory capacity 

Accepts 2708, 2716 or 2758 PROM devices 

Accepts 2316 or 2332 ROM devices 
‚ Sockets сап be individually enabled/disabled | 

Base address is switch-selectable for each 4K-byte address 
. Space 

e Single +5V supply 


M65-045 PROM/ROM Module | 


FUNCTIONAL DESCRIPTION. 
The edge connector pin assignments for the PROM/ ROM Module 


are identical to the motherboard pin assignments given in Sec- 


tion 4 of the System 65 Users Manual (Document Мо. 


: 29650М35, Огаег Мо. 206). 


The PROM/ROM Module comes with 16 sockets for accepting 


` the following types of memory devices: 


e Up to four 2332 ROMs, or 
e Up to eight 2316 ROMs, or 
e Up to eight 2716 PROMs, or 


е Up to 16 2708 ог 2758 PROMs 


The address switches on the module are set in accordance with 


the type and number of PROM or ROM devices installed. Each 


Socket may also be selected by a switch. Further, each 4K 
address space also has a separate switch for selection of its | 
base address. The Chip Select Logic specifies the PROM/ROM 


. to be accessed and the address lines from the System bus 


select the memory location. The selected PROM/ROM device 
responds by placing 8 bits of data on the data lines s (DO through 
D7) for transfer to the CPU. 


. | ADDRESS SELECT. 
ШЕЛІ, 


| ADDRESS 
BUFFER = 


РАТА. | 
‘BUFFER. | 


/J CONTROL с” 
BUFFER 


SYSTEM 65 BUS LINES 


PROM/ROM Module Functional Block Diagram 


Document No. 29650N47 


Product Description Order No. 21 
_ Rev. 1, August 1983 


М65-045 


PROM/ROM Module 


SWITCHES AND JUMPERS 
The PROM/ROM Module can accommodate a variety of stan- 
dard PROM and ROM devices. The user must configure the 


Module for his specific application, and does so with various 
switches and jumpers on the Module itself. | 


Тһе РНОМ/НОМ Module Бақса total address space of 16K 
bytes, divided into four 4K-byte sections. Each 4K section has 
a separate base address select switch, S3 through S6, which 
must be set to the desired hexadecimal value (0 - Р). For 
example, if Switch S3 is set to C, the base address for Sockets 
24, 25, Z6 and Z7 is.$C000 (where $ indicates hexadecimal). 
Further, each individual socket can be enabled or disabled from 
driving the Data Bus by а. Switches 51 апа 62. 


. Table 1. 


_... Jumper No. 


1 
2 
3 
4 
5 
(6 
7 
8. 
9 


C N- © 


There is a further restriction for ROMs: Since ROMs ћаме chip 


Selects, they will only work in the proper sockets with proper 
· base address switch settings. For example, а 2316 ROM with 


CS3-1, CS2=0 and CS1-1 will work only in Socket Z22 (see 
Table 4) and with a selected Базе address value. of 2, $ A 
or E. Р 


The PROM/ROM Module must also be jumper-configured for 
the device being used. Jumper information is given with switch 
select tables. The function of each jumper is summarized in 


. Table 1. 


PROM/ROM Board mem Functions 


Jumper Function 


Connects A12 to Pin 18 of all sockets 
Enables 1K address selection | 
Connects +12У РС to Pin 19 of all sockets 
| | Enables 2K address selection 
Connects A13 to Pin 21 of all sockets 
Connects A10 to Pin 19 of all sockets 
Connects A11 to Pin 21 of all sockets 
Connects +5VDC to Pin 21 of all sockets 
Connects А11 to Pin 18 of all sockets 
‚ Connects -5VDC to Pin 21 of all sockets 
Connects GND to Pin 18 of all sockets 
Enables active low chip selects on Sockets 27,214, 222 апа 729 


Table 2. Switch Settings for 2716 PROM Operation 


Base Address 
(A15, A14, A13, A12) Address A11 


NN NA NCC 
NW RAN NE UE 


56 (0- F). 


Note: For 2716 PROMs, add Jumpers 4, 6, 8, 11 and 12. 


; AE 


Socket 


Enable/Disable Switch 
| EN > 25. | 
| 51-4 gu 


M65-045 . . 


PROM/ROM Module 


Table 3. Switch Settings for 2708 or 2758 PROM Operations 


| Base Address 
(A15, A14, A13, A12) 


S3 (0-Е) 


56 (0-F) 


а-оо|--оо|--оо 


+ 


= О = о-о ~ о = Or 07 - оно 


Enable/Disable Switch 


Note: For 2708 PROMs, add Jumpers 2, 3, 4, 11 and 12 and add Capacitors C6-C9, С14-С17, С21-С24, C29-C32, C37-C40, C45-C48, 


C52-C55 and С59-С62. А! capacitors are 0.1 uf. 


For 2758 PROMs, add Jumpers 2, 8, 11 and 12 and jumper left post of Jumper 3 to right post of Jumper 4. 


Table 4. Switch Settings for 2316 ROM Operation 


| ROM Chip Selects* 
Base Address . Ў А12 
(А15, А14, А13, А12) С52 


| $3 (0, 4, 8, C) 
S4 (1, 5,9, D) 
S5 (2,6,A, Е) 


S6 (3, 7, B, Е) 


| ROM Chip Selects* 
Base Address A13 A12 
(A15, A14, A13, A12) | $1 


8310.4 8, С) 
_ $4(1,5,9, D) 


INSTALLATION 
Install PROM/ROM Modules in the System 65 chassis or, with 
appropriate changes, in an Auxiliary Card Cage as follows: 


1. Turn System 65 power off. 


CAUTION 


Never install or remove modules with System 65 power 
on—it may cause damage to the module and/or to the 
System. 
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А11 | | 
С51 Enable/Disable Switch 


Enable/Disable Switch 


. Remove the top cover of the System 65. 
. Set the switches on the PROM/ROM Module per Tables 2 


through 5. The base memory address are assigned by four 
hexadecimal switches, S3 through S6. Individual sockets are 
enabled/disabled by Switches S1 and S2. 


. Install the required jumpers per directions given with the 


Switch table. 


. Install the required PROM or ROM devices in their appro- 
_ priate sockets. 


M65-045 


PROM/ROM Module 


6. Insert the PROM/ROM Module(s) into any vacant slot(s) in 
the System 65 chassis. 


7. Install the top cover of the System 65. 
8. Turn System 65 power on. 


LOGIC LEVELS Тр =0°Сто +70°C, Мос = +5М + 5% 


Inputs (00-67, А0-А15, 
92, R/W) 


Input Low Voltage 
Input High Voltage 


Outputs (DO-D7) . 


Output Low Voltage 


Output High Voltage 
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SPECIFICATIONS 


Memory Capacity ` 16K bytes 

Word Length 8 bits 

Interface System 65 compatible 

Module Components 16 24-pin DIP sockets 

Module Dimensions 9.75 in. wide x 6.00 in. high 

Edge Connector 86 pins on 0.156-in. centers 

Operating Temperature 0°С to +70°С | | 

Power Requirements +5 Мас + 5% @ 500 ma. with no 
devices installed . | 


 М65-060 


Microcomputer Development Systems 


M65-060 
EXTENDER CARD. 


Rockwell 


OVERVIEW INSTALLATION | 

The М65-060 Extender Card provides easy access to a printed The procedure below should be used to install an Extender 
circuit module installed in its system enclosure, for signal tracing Card in the System 65 chassis or, with appropriate changes, іп 
or troubleshooting. In that context, the Extender Card consists an Auxiliary Card Cage. 

of a series of bus lines connecting the Card's standard contact 

edge, on one end, and a connector used for accepting the stan- 1. Turn System 65 power off. 


dard contact edge of an 86-pin system module. 
CAUTION 
Never install or remove modules with System 65 power 


on—it may cause damage to the module and/or to the. 
‚ System. 


This contact edge and the edge connector pins are connected 
pin-for-pin via the bus lines on the Card. Each of the bus lines 
is provided with a clip-on terminal to allow test equipment to be 
readily connected. With the module under test connected to the 
Extender Card and this assembly installed in the system’s Aux- 


Шагу Card Cage or System 65 chassis, the user is given free 2. Remove the top а о! Ше System 65. | | 
access to both sides of the module being tested. 3. deine: the desired circuit module from System 65, if 
| installed. 
The edge connector pin assignments for the System 65 Moth- 4. Insert the Extender Card into any vacant slot in the System 
erboard are given in Section 4 of the System 65 User's Manual 65 chassis. 
(Document No. 29650N35). — 5. Insert the desired circuit module into the plug on top of the 
Extender Card. 


SPECIFICATIONS | | | _ 6. Turn System 65 power on. 


Edge Contacts 86 pins on 0.156-in. centers 
Edge Connector | 86 pins on 0.156-in. centers, 


Extender Card Dimensions 9.75 іп, wide x 9.00 in. high 
ы | х 0.062 in. СК. 


Ext ы 
Ki ЧИНИ 


увиниошнание 
$ 


Ра 
2224 
uA -46 - 

л: 
Fa- 


Feroio 
PORGE CES 
ЛО е: 
МАСИ о 


уво увео 


M65-060 Extender Сага 


Document No. 29650N41 | Product Description Order No. 210 
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М65-071 


Microcomputer Development Systems 


M65-071 


DESIGN PROTOTYPING MODULE 


Rockwell 


OVERVIEW . 


The M65 -071 Design Prototyping Modüle allows ыры 


of custom circuits for installation in either Rockwell's System 65 
Microcomputer Development System or in user-designed equip- 
ment, via the Auxiliary Card Cage. 


This Module is a System 65:compatible printed circuit module 
with no mounted components, but with prerouted power bus and 
power return lines. Spaced beside the power lines are plated- 
through holes that: permit wire-wrap sockets to be installed. 
Additional holes, at the top edge of the module, permit a variety 
of wire-wrap flat ribbon cable connectors to be installed. 


The pin assignments. for the Design Prototyping Module's 86- 


pin edge connector are identical to the Motherboard pin assign- 
ments given in Section 4 of the System 65 User's Manual (Doc- 
ument No. 29650N35; Order No. 206). | 


M65-071 Design Prototyping Module 


-Document Мо. 29650М45 
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Product Description Order No. 215 
Rev. 2, August 1983 


М65-071 


. INSTALLATION 
Install a Design Prototyping Module in the System 65 or, with 
appropriate changes, i in ап. Auxiliary Card Cage as follows: 


E: Turn System 65 power off. 


CAUTION 


_ Never install or remove modules with System 65 power 
’ оп—й may cause Des to the module and/or to the 
System. 1 


№ 


. Remove the top cover of the System 65. 


3. Insert the Design Prototyping Module into any vacant slot in 
the System 65 chassis. : 


CAUTION 
Installation of improperly-operating circuits may cause 
malfunction and/or damage to the System 65. 


4. Install the top cover of the System 65. 
5. Turn System 65 power on. 
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Design Prototyping Module 
SPECIFICATIONS 


Component Mounting Area 
|. Number of Component Rows . 
Number of Hole Rows 
Vertical Hole Spacing 
Horizontal Hole Spacing 


14 
‘35 
46 holes on 0.1-іп. centers 
35 holes on either 0.3-іп. 

or 0.1-іп. centers 


Flat Ribbon Connector Mounting 
Area 
Number of Pins 


Per Connector bus 
7.50 in. high x 9.75 in. wide 


Module Dimensions 
| | x 0.062 in. thick 


Edge Connector | | 86 pins on 0.156-іп. centers ' 


~ 


Rockwell 
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_М65-660 


|. SYSTEM 65 MACRO ASSEMBLER 
& LINKING LOADER 


DESCRIPTION 


The System 65 Macro Assembler and Linking loader is a disk- 
based computer program that generates computer program 
absolute machine code or relocatable object code апа links 
relocatable object code into absolute machine code. The 
assembler/loader operates on the System 65 Development 
System and generates code-for execution by any central pro- 
cessing unit (CPU) in the Rockwell R6500 NMOS micropro- 
cessor, В6500/ж NMOS one-chip microcomputer and В65С00 
CMOS microprocessor device families. 


MACRO ASSEMBLER 


The macro assembler translates CPU instructions and data 


statements written in symbolic form (the source program), into 


absolute or relocatable code. Instructions, consisting of a label 
(if included), a mnemonic operation code, an operand (if required) 


= 


and an arithmetic operator (if included), are assembled one-at- | 


a-time into one- to three-byte machine instructions (with abso- 
lute or relocatable address information). Constants comprising 


~. one or more bytes of memory are generated from data state- 


ments while one or more bytes of memory are assigned to vari- 
ables. The macro capability allows sequences of instructions to 
be pre-defined for in-line code inclusion by specifying only the 


macro name. Conditional assembly allows portions of instruc- - 


tion sequences or macros to be included in (or excluded from) 
in-line code. The combination of the macro and conditional 
assembly capability speeds program development by elimi- 
nating duplicate coding efforts for similar processing tasks and 


increases program flexibility and reliability by allowing one source 


program to generate different computer programs based on 
specified control parameters. 


LINKING LOADER 


The linking loader combines independently assembled modules 
of absolute and/or relocatable object code into a single execut- 
_ able object file. This allows a large program to be developed in 
manageable size modules by separate software designers and 
integrated by the linking process. This also allows program 
changes to be made to one module without affecting any of the 
other modules—a key requirement in many program validation 
and certification procedures. 


Small programs can still be assembled into absolute executable 


code without using the linking loader, however, to simplify · 


development. 


The assembler/loader operates in conjunction with the ROM- 
resident System 65 Debug Monitor/Text Editor (OS 3.1). 


MACRO ASSEMBLER FEATURES 


e Supports three CPU families 

. —R6500 NMOS microprocessor 

· —R6500/* NMOS microcomputer 
--Н65С00 CMOS microprocessor 
Flexible object code generation 
—Absolute code (executable) 
—Relocatable code (linkable) .... 


Macro definition includes | 


—Multiple parameters 
—Other macros: 
— CPU instructions. 
—Assembler directives 

e Macro call includes 
--Масго name 
— Argument list 

e Condition assembly 
--ІҒ condition 
— ELSE complementary condition 
— 12 conditional operators 

e Symbol cross reference table 
—Lists defined and used symbols 
—Listed іп alphanumeric order 


LINKING LOADER FEATURES 


Resolves inter-module symbol linkage 
Assigns absolute addresses 
Generates absolute executable code 
Produces reports 

—Load тар of module locations 

— Symbolic debug table 

— Symbol table 

e Interactive or command file setup 


ORDERING INFORMATION 


M65-660-3 Macro Assembler and Linking Loader” | 


Macro Assembler and Linkin Loader User's 
Manual?! 


Notes: 
1. Requires System 65 OS 3.1 ROMs 
2. Included with M65-660-3. 


Document No. 29650N64 
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Assembler Directives 
— Assembly Listing Control | 
Ceo TTE | 


я Title 

. .ӨВТТІ. ‘Subtitle 
„РАС Page 
SKI Skip 
.ERR Error 


Source File Control 

|... End of Assembly 
. Next File 

^ Include 


Data Storage | e ou | 
„ВУТЕ ‚ Initialize byte memory location 
.WORD Generate 16-bit address 
.DBYTE Generate 16-bit data word 
.SBYTE Initialize ASCII string 


Equate | 
= Assign value to symbol 


Conditional 
| | Condition 
Complementary condition 
End of conditional 


Define Macro 

End of macro definition 

End of macro expansion 
Number of passed arguments 


E Linking Loader Directives 


. Macro Assembler & Linking Loader 


Option Control . 
.OPT 


.RAD 


Relocation/Linking 


.DEF 
.REF 
.ZREF 
,PSECT 
IDENT 


Option 


 LIST/NOLIST 


GEN/NOGEN 
ERR/NOERR 
SYM/NOSYM 
CREF/NOCREF 
ABS 

REL 

MEM 


TOC/NOTOC 
OBJ/NOOBJ 
MD/NOMD 
ME/NOME 


CC/NOCC 


PLEN . 
LLEN 
FF/NOFF 
CLS : 


Internal definition 
External reference 


Assembly listing | 
Object code listing 


Error generation · 


Symbol generation 


. Cross reference generation 


Absolute object code 
Relocatable object code ·. 
Absolute object code to 
memory | 


. Table of contents 


Object code generation 
Macro definition — 
Macro expansion 
Conditional list 

Page length 

Line length 

Form feed 

Clear definitions 


. Radix 2, 8, 10, or 16 


Zero page reference 


Program section 


Module identification 


Errors destination | : . Origin 

. Object code generation Section order 
Load map generation Symbol definition : 
Symbol table location Load code specification 
Global symbol table Command file end — 
Debug symbol table - 


$^ 
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Microcomputer Development Systems 


SPS- 200 | | 
SOFTWARE PREPARATION SYSTEM (SPS) 


PERIPHERAL CONNECTOR MODULE 


INTRODUCTION 


The optional SPS Peripheral Connector Module (PCM) (Part 
No. SPS-200), which connects directly to the AIM 65 Microcom- 
puter Master Module connector, provides the Software Prepara- 
tion System (SPS) with a complete set of external О interfaces. 
These І/О interfaces support external printers, serial devices, 
audio cassette 20 mA current loop and parallel I/O devices such 
as the RM 65 board family. 


The external printer interface routes and buffers (TTL levels) the 
printer signals to a Centronics compatible 34-pin connector for 
printer support. 


The RS-232 interface operates at the + 5V level. No handshak- 
ing signals are provided, but selectable handshake signals have 


been wired for static levels. Feed throughs are provided to cut | 


and jumper these signals. Data Set/Data Terminal operation is 
selected using a jumper pair. 


7" The 20тА current loop interface routes four 20mA current loop 


signals from the AIM 65 Master Module connector (J1) to a 


< dedicated Molex connector to provide current loop /О support. 


The audio cassette recorder interface signals are routed to two 
mini-phone (3.5 mm) jacks for audio cassette support. The 


remote control lines are controled by reed relays and routed to 


two sub-mini-phone (2.5 mm) jacks. 


The parallel I/O connector interface supports the 40-ріп signals | 


routed to the interface by the AIM 65 Master Module User 


* 


_ МА (222). The parallel interface connector is compatible with 


many of the RM 65 modules, e.g., single Board Computer 
(SBC) and Multi-function Peripheral Interface (МРІ), and with the 
АМ 65/40 Microcomputer connector, e.g., User Parallel 1/0, 
Display Interface and Printer Interface. e 


FEATURES 


• 34-рт connector for GCaiüionice Gorpalibie printer support 
е RS-232 connector for serial interface support | 


е Molex connector for 20 mA current loop support 


• 35 mm mini-phone jack connectors for audio cassette 


support 


• 2.5 mm sub-mini-phone jack connectors for remote tape 
с control 


е 40-pin parallel МО connector, , compatible with | the RM 65 
module family . | 


REFERENCE DOCUMENTS 


The following documents contain information regarding set-up 
and operation of SPS-200. 


"әле | — o Te —  ] 


2167 26500 Software Preparation System (5Р8). 


Изегз Мапџа! 
209 |. АМ 65 Microcomputer User’ 5 Guide 


SPS-200 Peripheral Connector Module 


Document No. 29001D34 


Data Sheet Order No. D134 
February 1984 


| SPS-200 p 


. Peripheral Connector Module 


| EXTERNAL PRINTER INTERFACE 
| | SPS Module Printer Connector 


Ground 
Data 1 
Ground 
Data 2 
^ Ground 
Data 3 
Ground 
Data 4 
. Ground 
Data 5 


Ground. 


Ground 
Data 7 
Ground 
Data 8 
Ground 
ACK 
Ground 

. Not Used 
Ground 
Not Used 


Interface Module Connector 


TOP VIEW 
PINS 18 & 36 ARE NOT CONNECTED 


PIN 1 


MATES TO 
INTERFACE 
MODULE 


WIRE 1 


-MATES TO | 


34PIN 34 WIRE — 36 РИМ 
sockeT RIBBON CABLE CENTRONICS 

| ТҮРЕ PLUG 
3М МО. 3366-1001 


АЕСЕРТАСЬЕ 
ЗМ МО. 3414-6000 
OR EQUIVALENT 


`6 FEET 


EXTERNAL 
PRINTER _ 


PIN 1 


OR EQUIVALENT 


Printer Interface Cable (User Supplied) 


Centronics Туре Connector Pin Assignment 


J-8 
J-9 


г 4-10. 


41110-17 


2 J-19 to -29 - 
| J-30 to -35 
< J-18 and J-36 | 


| раѓа 7: 
| Data 8 
_ Not Used 
¿Ground | 
| Not Used М 
| „Мо Connected 


D CABLE SEA 
/ CONNECTOR 
y (AMP) 552931-1 
(OR EQUIVALENT) 


И REAR PANEL 
CONNECT OR. 


: External Printer Connector 
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Signal 
| Мпетопіс 


RS-232 INTERFACE | 
RS-232 Connectar Pin Assignments _ 


_Input/Output 
[Data Set [Data Тет | 


x: Tw Name. 
| Chassis Ground. 
Transmit Data 
Receive Data 
Clear to Send! | 
Data Set Ready! | 
Signal Ground ^ 
Data Carrier Detected! 
Not Used | 


‘This can be cut for a No Connect option 


CABLE _ 
CONNECTOR 

г „С (АМР) 206771-1 _ 
(OR EQUIVALENT) 


REAR PANEL 
CONNECTOR - 
(3M) 3483-1000 


RS-232 Connector Pin Locations 


7] 


20 тА CURRENT LOOP INTERFACE 


_ 20 mA батан Loop Connector Pin diligis 


| Pin | Signal Mnemonic | . Signal Name | 


TTY KYBD | TTY Keyboard · | 
“TTY KYBD RETURN (+). _ TIY Keyboard. Return (+) 
TTY РТА. > | тту Printer ` 
“ТТҮ РТА RETURN (+) | TTY’ Printer. Return (+) 


| KEYBOARD | то TY 
| RETURN | KEYBOARD 


| PRINTER | 
| RETURN үт TO TTY PRINTER 


CURRENT Loop. MOLEX NO. 08-50-0114 PINS 
CONNECTOR INSIDE NO. 22-01-2041 HOUSING 
(SIDE view) 


20 ma Срем Loop Connector Pin Locations | 


SPS-200 


Peripheral Connector Module 


PARALLEL /О CONNECTOR INTERFACE 


Parallel Vo Connector Pin Assignments 


Signal Мате t 


Port B, Control No. 21 
No Connect | 
Port B, Control No. 1 
| Port B, Bit 7 
. Рой B, Bit 6 
Port B, Bit 5 
Port B, Bit 4 
Port B, Bit 3 
Port B, Bit 2 
Port B, Bit 1 
Port B, Bit 0 
Port A, Bit 7 
Port A, Bit 6 
Port A, Bit 5 
Port A, Bit 4 
Port A, Bit 3 
Port A, Bit 2 
Port A, Bit 1 . 
Port A, Bit 0 
Port A, Control Мо. 2. 
Port A, Control No. 1 
No Connect 


Note: Even Numbered pins connected to GND. 


*These signals are used by the Printer Interface. 
1 This сап be cut/jumpered to +5V. 


CABLE 
CONNECTOR: 
(3M) 3417-6040 

H (OR EQUIVALENT) 
REAR PANEL 
CONNECTOR: 
(3M) 3324-0000 


Parallel I/O Connector Pin Locations 


DATA SET/DATA TERMINAL SETUP 


DATA SET 
JUMPER POSITIONS 


DATA TERMINAL 
JUMPER POSITIONS 
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AUDIO CASSETTE RECORDER INTERFACE 


3.5 MM JACK 


TO TAPE EARPONE 
(TIP IS SIGNAL) 


25 MM JACK 
TO TAPE 1 REMOTE 


EAR/ REM1 MIC REM2 


CONNECTORS 


2.5 MM JACK 
. ТО ТАРЕ 2 REMOTE 


3.5 ММ JACK 


ТО ТАРЕ МСАОРНОМЕ 
(ТІР IS SIGNAL) 


Audio Cassette Recorder Interface | 


WARNING 


This equipment generates, uses and can radiate radio 
frequency energy and if not installed and used in 
accordance with the instructions manual, may cause 
interference to radio communications. It has been 
tested and found to comply with the limits for a Class 
A computing device pursuant to Subpart J of Part 15 
of FCC Rules, which are designed to provide reason- 
able protection against such interference when 
operated in a commercial environment. Operation of 
this equipment in a residential area is likely to cause 
interference in which case the user at his own expense 
will be required to take whatever measures may be 
required to correct the interference. 


INFORMATION TO USER: If this equipment does cause inter- 
ference to radio or television reception which can be 
determined by turning the equipment on and off, the user is 
encouraged to try to correct the interference by one or more 
of the following measures: ы 


reorient the receiving antenna 

relocate the computer with respect to the receiver 
move the computer with respect to the receiver 
plug the computer into a different outlet so that the com- 
puter and receiver are on different circuits 


If necessary, the user should consult the dealer or an experi- 
enced radio/television technician for additional suggestions. 
The user may find the following booklet prepared by the 


_ Federal Communications Commission helpful: 


“How to Identify and Resolve Radio and TV 
Interference Problems: i 


This booklet is available from the U.S.. Government Print- 
ing Office, Washington, О.С. 20402, Stock Number 
004-000-0345-4. 
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ТАРЕ НЕМОТЕ 
ЈАСК5 


· 002-6468 _ 


|. АМ6531 — mE TM MEN | 15; U2 __д1 


E | | | 4 -) | 
ва | А SECULI 
PAS |6 | [ па 2 
РАб |7 | | | А PRINTER ag 6 7 
РА? |8. | СОММЕСТОЯ Ј : - und 


ЗБУ pd „ву CONNECTOR 


сочесьон- 


Jeez. 8 PARALLEL VO 


| Ф a | |4 
xa. ү 2 DE -Р87–5 | |6 
deu e к EC СОҚ Е-РВ6-7 8 
Та Е РВ5-9 10- | 
- РВ4- 11 12 из 
РВЗ-131 |14 ІСІ. 7660 
уем ЯК ПЕЕ 
ТТУ KYBD RTN + R DU We ла Sae WAS F —1 
|. TTY PTR. RTN. пи: S| | ~ MKE] EAR |. -. - .1— PB0-19| |20 


— ~ р .E-PAe-23| |24 и Ге 4 = 
VA _|-РА5Б—25| |26 = МСМСМС 


| + 
| "У г | | РАЗ. Ji-T| | KEY 
: Тат Еро | PA4—27| |28 


- AUDIO | м || qm 
AUDIO OUT LO |M 
К +120. 


" мат 
F | кесе ДИ J1-0[ | PTR 
| -РА1-33| |34 ны: Ж. 


PA0-35| |36 | 
CAD 371 |38 CURRENT LOOP 


САТ 39|_|40 == CONNECTOR 


SERIAL IN 
+ 249 


ојпроџј 10102иџ05 jejeudued со 


. Figure 1. Peripheral Connector Module Schematic 
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SECT ION 7 
AIM 65 MICROCOMPUTER FAMILY 


Product Family Overview ....... ax нын TES ЫН I > НЕ 
_ A65-100 and A65-400 AIM 65 Microcomputer Duc ра "TEE се Pa * 

_ Аб5- 0500 AIM 65 Microcomputer System ............ Pv bi Mui Tw .. 7-10 а 
_ А65-002 and A65-006 AIM 65 Microcomputer Епсіоѕште .........................: 7-12  - 
_ A65- 003 Service Test Воага........................ маз mE dou dur 2.5, 7-44 

С А65-004-03 Power Supply and Cable ................ else iced eae ме К 
A65-010 Assembler ROM .......................... od DL 2: FAS. 
A65-020 BASIC Interpreter ROMs ......................... T ТОРЕ 277-2022 
A65-024 BASIC Compiler .......... OMNE — РНН ЖҮРГІ а 
A65-030 PL/65 Compiler ROMs ............. и соев О! 
A65-040 Math Package ROM ............. ME PT T "Dem 7-26 
A65-050 FORTH НОМв........................................ ЕТЕ. 
A65-052 FORTH Target Compiler ........ ERN HTC 7-33 
A65-060 Instant Pascal ROMs .......... T m D n ee eee ЗВ 
A65-090 Disk Operating System. (008 1.0) ROM SK T HUNE PS LR 
A65-901 PROM Programmer. and CO-ED Module .. а Пан арени Пън правда 42. 
А65-905: Memory Cartridge. ee а E ong auris га mcm nu 746 | 


_ АМ 65 MICROCOMPUTER FAMILY 
Professional, Hard Working, Low Cost, Blue Collar Microcomputer 


For low cost prototypes or low to medium volume 
production, Rockwell offers an extended family of board 
level “blue collar" products, easy to design-in and 
implement. All are built around the R6502 CPU and R6500 
peripherals so that applcations using the modules can be 
readily redesigned into devices as volume warrants. And, all 
of the board products are available with a wide range of 
languages—Microsoft BASIC, FORTH, PL/65, assembly, 
instant Pascal—for optimum system solutions. 

The. AIM 65 (R6500 based Advanced Interactive 
Microcomputer) is an under $500 microcomputer, complete 
with keyboard, display and hard copy printer. It has 
extensive options, many interfaces and expansion 
capabilities. If you’re planning on computerizing a product, 
AIM 65 is designed to do the job. If you’re interested in 
designing a system around the R6500 family of devices, 


"АЈМ 65 Microcomputer is a trademark of the Rockwell International Corp. 
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AIM 65 is also a mini-development system at the price of 
most evaluation boards. And, AIM 65 comes with complete 
documentation, making it simple to use. Since it is a "Без! 
seller’’ widely used in universities and industry, a large 
library of commercially available texts and manuals has 
developed, making it even easier to use. 

In addition to bare board blue-collar versions, the AIM 65 


is available in an enclosure, complete with power supply, for 
. use as a desk top computer. Additional memory cartridges 


are available to plug onto the desk top AIM 65 providing 
additional languages or memory. These can let AIM 65 
function as a test instrument, analyzer ог controller. 

` Whatever your application, for а learning tool, evaluation 
system or industrial controller, a blue collar АМ 65. 
Microcomputer is an economical solution. 


Аб5-100, -400 
АМ 65 5 Microcomputer Family 


6% _ A65-100 шағалы 


АМ 65 МІСВ МР ТЕН 
Rockwell ӨМРИ 


PRODUCT OVERVIEW | FEATURES 
The АМ 65 microcomputer is a complete, assembled micro- e Single Board Computer with on-board RAM, ROM, and ИО 
computer system featuring a 20-column thermal printer, a 20- — Powerful and Popular 6502 CPU 


character alphanumeric display, and а full-size terminal style 


— Up to 4K bytes of 2114 Static RAM 
keyboard. On-board memory sockets accept up to 20K bytes DIG 9 static: НА 


of PROM/ROM and 4K bytes of static RAM. A user R6522 Ver- — Џр to 20K bytes of 2532 PROM ог R2332 ROM 
_ gatile Interface Adapter (VIA) dedicates 16 parallel 1/O data lines —User-Dedicated Application Parallel /O Interface 
and four handshaking control lines to application usage. The —Low-Cost Audio Cassette Recorder Interface with 2 
address, data, and control lines are also accessible for off-board Recorder Remote Control Lines 
memory, peripheral and I/O expansion. An 8K-byte ROM-resi- — 20 mA Current Loop Serial Interface 


dent debug monitor and text editor provides immediate inter- 


: | --Ехрапвіоп Bus Interface 
active operation upon power turn-on. 


e 20-Column Thermal Printer 


With its self-contained printer and display, the AIM 65 mi- — 64 Character ASCII Format 
crocomputer is ideal for educational and industrial desk-top — 120 Lines per Minute 
applications. The. ‘on-board printer, unique to single-board —5 x 7 Dot Matrix Character Font 
microcomputers. in its class, make the AIM 65 microcomputer • 20-Character Display 


a natural for any control and monitor application requiring hard Е — 64-Character ASCII Format 
copy output—such as equipment performance monitoring, data 16-5 { Бо 
logging, test and evaluation, specialized data acquisition and Као Some ron ee | 

reduction, laboratory ғ measurements and analysis, and untold —High Contrast Monolithic Characters 

| others. Full-Size 54- -key Terminal Style Keyboard | 

| —26 Alphabetic, 10 Numeric, and 22 Special Characters 
—9 Control Functions and 3 User-Defined Functions . 
ROM-Resident Interactive Debug Monitor 


The € аи simplifies conar program checkout 
with single step functions which trace instruction execution and 
register contents as well as stop execution at specified ргеак-. 


` рой! addresses. Memory and registers can be examined and —Monitor-Generated P LOPS and за Keystroke лт. 
altered to set up controlled execution conditions and to allow mands S 
detailed analysis of program performance. The text editor allows — Single-Step Execution with Tracing and Breakpoints 
computer program assembly and high level language instruc- —Memory and Register Examine and Alter 
tions and data to be easily entered and edited at the source — Mnemonic Instruction Entry and Disassembly 
| соса level. — е Text Editor 


—Line Oriented Commands (Read, Insert, ‘Delete, List) 
— Character. String Find and Change | 
Parallel Application Interface 
—R6522 Versatile Interface. Adapter (VIA) 
—Two 8-bit Parallel Bidirectional Data Ports 
—Two 2-bit Handshake Control Ports — 
—Two Programmable 16-bit Counter/Timers | 
. —8-bit Serial Interface 
Optional ROM-Based Languages 
—4K Symbolic Assembler 
—8K BASIC interpreter | 
—8K PL/65 Compiler | | 
|—8K FORTH Compiler/Interpreter | 
| — 20K Pascal Compiler Interpreter (16K Bytes oft Board) 


_ A65-400 AIM 65 Microcomputer 


Document No. 29000079 || | Data Sheet Order Мо. 079 
7-3 | Rev. 1, April 1983 


Аб5-1 00, -400 _ 


АМ 65 Microcomputer 


ORDE RING IN FORMATION 


Description 


АМ 65 with 1K RAM. ` 
- АМ 65 with 4K RAM . 
АМ 65 with 4K RAM & BASIC Interpreter ROMS 
AIM 65 with 4K RAM, BASIC interpreter ROMs 
& Assembler ROM 
A65-450 | AIM 65 with 4K RAM & FORTH ROMs 


09. ' АМ 65 Microcomputer Users Guide" 
AIM 65 Monitor Listing” - is 
AIM 65 Reference Саға”) | 
АМ 65 Schematic (Wall Chart)“ 
R6500 Hardware Manual?  . - 
R6500 Programming Manual” 
R6500 Programming Reference Card” 
АМ 65 BASIC Language Reference Manual? - 
AIM 65 BASIC Reference Card? .. 
АМ 65 FORTH User's Manual? | 
AIM 65 FORTH Reference Card? 


А65- -100 
А65-400 
` A65-415 
A65-420 


ое: 

. Included with all models. 
Included with A65-0415 and A65- 0420. 
3. тендеа with Be» 0490: B 


FUNCTIONAL DESCRIPTION 


The AIM 65 microcomputer consists of a Máster Module (which 
includes the central processing апа control circuitry, decoders, 
memory, /О and printer control circuitry), an attached Display 
Module and a separate Keyboard Module. A thermal printer is 
mounted directly on the Master Module while the Display Module 
15 mounted on angle brackets which are fastened (О the Master 
Module. | | 


.. Central Processing and Control 


The R6502 8-bit microprocessor, the central processing unit 
(CPU) of the AIM 65 microcomputer, próvides the overall control 
and monitoring of all АМ 65 operations, Тһе R6502 commu- 
nicates with other AIM 65 elements on three separate buses. 
A 16-bit address bus allows the CPU to directly address 65,536 
memory locations. An 8-bit bidirectional data bus carries data 
from the CPU to/from memory and interface devices. The con- 


trol bus carries various timing and control signals between 


the CPU and mterfacing ашы devices, and off-board 
elements. 


The CPU operates at 1 MHz, which is derived from a 4 MHz 
crystal-controlled oscillator. The 02 system clock and read/write 
control signals are generated by the CPU, and are buffered and 
routed to other devices on-board and to the expansion connector. 


A decoder circuit provides chip Seci signals to the. on-board . 


. PROM/ROM and RAM sockets and to the I/O devices. 4K-byte 
chip selects are sent to the PROM/ROM sockets ($BXXX- 
 $FXXX) while 1K-byte select signals are routed to the RAM 
sockets ($00XX-$XCXX). On-board /О is also decoded to 1K- 
byte selects (ФАОХХ-ФАСХХ). 


А Те switch initiates RESET to the on-board devices 


and to interfacing equipment through the expansion connector. 
Installed terminal posts allow connection to a remote RESET 


-> switch. The STEP/RUN switch selects program execution in . 


“ейпег. ihe single-step mode ог the run mode. In single-step 


_ mode; execution of all instructions in the’ address range 0- 


$9FFF can be traced or can be stopped at any of four specified 
breakpoints. The KB/TTY switch selects operation using the 
AIM 65 keyboard and display or using a iid attached 
to the 20 mA current en interface. 


Memory 


Two 1024 x 4 2114 static RAM devices are required for васћ 
1К-руіе of installed RAM. Both 1K and 4K versions are avail- 


able. The 1K version may be expanded on-board in 1K i incre- 
ments up to 4K using the spare RAM sockets. | 


Five PROM/ROM Sockets accept installation of the 4K- Эйе > 
R2332 ROM, 2532 PROM, or smaller devices with compatible 
pinouts, e.g., 2K-byte 2516 PROM. The AIM 65 microcomputer 
comes with:two R2332 ROMs: containing the: Debug Monitor/ 
Text Editor installed at addresses 5Е000- ФЕРЕР. | Eg | 


vo 


The 1 6 bidirectional data lines: and 4 hárdéhake control lines 


ог the user-dedicated R6522. МА аге routed directly to the 


application connector. The high current capacity of the VIA's 


“eight “Б” port lines can directly drive many industry- standard. 
devices, such as solid state relays. One of the lines can be used. 


as either a serial input or output line. 


The audio recorder interface connects to one or two low-cost 
audio cassette recorders. Two remote control lines can control 
two separate recorders independently during read and write 
ре ао using the АМ 65 blocked audio тесогапә format. 


Peripherals 


The printer prints on heat- sensitive roll paper by means. of ten 
thermal elements, mounted on a movable head, each of which 
can print two 5 x 7 matrix dot characters. The printed characters 
are formed by dot patterns stored in the AIM 65 Monitor/Editor 
ROMs. A motor-driven platen advances the paper after each. . 
row of horizontal dots is printed. The motor and thermal element 
driver voltages are derived from an external +24V power supply. 
The printing is controlled by subroutines resident in the Monitor/ 


Editor ROMs. 


The AIM 65 display consists of five four-digit 16-segment 
alphanumeric displays and an R6520 Peripheral Interface 
Adapter (PIA) mounted on the Display Module which connects 
to the Master Module through two short solid-conductor ribbon 
cables. Each display quad contains internal memory, decoder, 
and driver circuitry. The display quads interface with the Master 
Module through the PIA. Data may be sent to the display using 

Monitor ROM subroutines. Е 


The Keyboard Module connects to the Master Module ру a 
removable 16-conductor flat ribbon cable. The interface is 
through an R6532 RAM, I/O, and Timer (RIOT) device which 
supports the Monitor with the. RAM and timer. The key matrix 


_ is strobed by eight lines output through the RIOT with the matrix 


returns routed back through eight R6532 input lines. 


Аб5-100, -400 
ОРТІОМ5 


Optional hardware and accessory items are available which 
expand the functionality of the AIM 65 Microcomputer. The 
microcomputer can be easily installed in an attractive, profes- 
sional, injection molded plastic enclosure for desk-top applica- 
tions. Plug-in memory cartridges (A65-905 series) connect to 
the AIM 65 enclosure to expand memory in configurations of 
RAM and/or PROM/ROM. System expansion via RM 65 mod- 
ules adds memory, input/output and peripheral (e.g., floppy disk 
and CRT display interface) functions to the on-board AIM 65 
resources. Three different adapters/buffer modules connect the 
AIM 65 Expansion Connector to either one RM 65 module or 
to one of the multi-siot RM 65 motherboards. PROM program- 
ming can be performed using either the AIM 65 PROM Pro- 
grammer or the RM 65 PROM Programmer Module (RM65- 
2901). The latter module has the advantage of being able to be 
used with other RM 65 modules connected to the system, e.g., 


RM 65 FDC module with AIM 65 DOS 1.0 (A65-090) firmware, 


to simplify source and object code handling. 


Optional ROM-based languages support ние program 


development in both R6500 assembly language and high level 
languages. BASIC (by Microsoft) is the most popular microcom- 
puter language used for computation and low speed control 
applications. FORTH is a highly efficient language in terms of 
memory utilization and execution speed—and also greatly 
shortens program development time. PL/65 provides structured 
control statements and compiles to 6500 assembly language to 
serve as an efficient system implementation language. The AIM 
65 Pascal is a unique implementation of a substantial subset of 
standard Pascal which features interactive statement entry and 
execution with debug features at the source statement level. 


Accessories 


and Hardware 


А65-002 
А65-003 
А65-004. 
A65-006 
A65-901 
A65-905 
RM65-7101E 
RM65-7104E 


| RM65-7116E 


Firmware. 
A65-010 
A65-020 
A65-030 
A65-040 
Аб5-050 
А65-060 
А65-090 


Software 
A65-024 
A65-052 


Notes: 


AIM 65 Microcomputer 
OPTION ORDERING INFORMATION 


Description 


“АМ 65 Enclosure 


AIM 65 Service Test Board: 

AIM 65 Power Supply & Cable 

AIM 65 Enclosure and Power Supply 
AIM 65 PROM Programmer 

AIM 65 Memory Cartridge 

RM 65 Single Сага Adapter юг АМ 65 
RM 65 Adapter/Buffer Module for AIM 65 


RM 65 Cable Driver & Buffer Module for АМ 65 | 


AIM 65 Assembler ROM 

АМ 65 BASIC Interpreter ROMs 

AIM 65 PL/65 Compiler ROMs 

AIM 65 Math Package ROM | 
АМ 65 FORTH interpreter System ROMs 
AIM 65 Instant Pascal ROMs 


АМ Disk Operating System Version 1.0 


(DOS 1.0) ROM” 


АМ 65 BASIC Compiler": 2 3 
АМ 65 FORTH Compiler 2 + + 


1. Requires RM 65 Floppy Disk Controller (FDC) module. 
(RM65-5101NE). 

2. Requires AIM 65 DOS 1.0 ROM (A65-090). 

3. Provided on 574” double-density disk. 

4. Requires AIM 65 FORTH Interpreter ROMs (A65-050). 


Expansion Connector Pin Assignments 


Top cope Side) 


Bottom (Solder Side) | 


Signal Input/ Signal Input/ 
г апвтопи Signal Мате Өшаш Мпетопіс Signal Name Output 


SYNC 
Ready - 
Phase 1 Clock 
Interrupt Request 
Set Overflow 
Non-Maskable Шар 
Reset 
Data Bit 7 
Data Bit 6 
Data Bit 5 
Data Bit 4 
Data Bit 3 

© Data Bit 2 
Data Bit 1 
Data Bit O 

*-12 Мас 

#+12 Мас 
Chip Select 8 
Chip Select 9 
Chip Select A 
45 Vdc 
Ground 


Note: *Not used on AIM 65. 


р оо ы о ом = 


N<xXS<¢CHYDUVZSrACIAMGOB?Y 


A 
A2 | 
A3 
А4 
А5 
Аб 
А7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 


SYS 02 
SYS RW 


R/W 
TEST 
02 


ВАМ RĀ 


Address Bit О 
Address Bit 1 
Address Bit2 _ 
Address Bit3 `` 
Address Bit4 ^ 
Address Bit 5 
Address Ви б _ 
Address Bit 7 
Address Bit 8 
Address Bit 9 
Address Ви 10 
Address Bit 11. 
Address Bit 12. 
Address Bit 13. 
Address Bit 14 
Address Bit 15 
System Phase 2 Clock 
System Read/Write 
Read/Write “Not” 
Test 

Phase 2 Clock "Not" 
RAM Read/Write 


оооооооооооооооооооооо 
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ДІМ 65 Microcomputer 


“Application € Connector Pin Assignments 


5 Тор (Component Side) ту 


 Mnemonic · Signal Name ^ | 
| Ground po epica 
| Port A Data Bit 3 is 
Port A Data Bit2 ` 
Port A Data Biti ^. | 
| Port А Data Bit 4 
Port A Data Bit 5 
| Port A.DataBit6 02. 
| F Port A Data Bit 7 
"ug. PI | Port B.Data Bit 0 
| | Port B Data Ві 1 
| Port B Data Bit 2 
| Port B Data Bit 3 
Port В Data Ви 4. 
Port A Data Bit 0 
Port B Data Bit? k^ 
Port B Data Bit5: 4 
Port B Data Bit бс. 
Port B Control Bit 1 | 
Port В Control Bit 2 - 
Port А Control Bit 1 
Port A: Т Bit 2 
-12 Мас“ А 


Notes: “Pin 22 nesi to —12V V through j jumper. 


**PinZ jumpered ю-24у ЕНЕР Jumper: 


Ene t 


Outside Dimensions* 
Master Module 
Width ` 
Depth |. 
Недие *- 
Weight 


Keyboard Module 
Width 
Depth 
Height 
Weight 
Environment 
Operating Temperatu re 
Storage Temperature 
Relative Humidity 


Power Connector. i 


Interface Connector 
| 41 (Application) and 
J3 (Expansion) - 


J2 (Printer): 
44 (keyboard) ~ 
J5 (Display) 


Shipping Specifications | а 
| Size (in box) | 
Weight (in box 


Notes: "Reference РАО0- 0010. 
i **To top of the display. 


|NXxZ«cdonvzzrazac-rmmooo» 


02 
. RAN 


AUDIO OUT LO 
© +12\ т г 


» ТТУ KYBD ВТМ (+) 


Signal : ге | 
Mnemonic |. 


45V 


TAPE 1B RTN 
ТАРЕ 1B. 


TAPE 2B RTN | 


TAPE 2B 


AUDIO IN 


AUDIO OUT HIGH. 


. Bottom (Solder ане 


н ima Name 


Баға 

| МС. Ден 

|: СРЏ Phase 2. Clock 
| | СРО Read/Write 


Tape 1B Remote. Control. Return. 


Таре 1В Remote Control 


Таре 2B Remote Control Return | 
Tape 2B Remote Control. | 


FNC 
- Audio Гари! Low 


Audio Output Low Level 


:+12-Мае о ‚ | Power 
"Audio Output High КЕТТІ 


" ТТУ Keyboard Return .- 


| TTY PWR RTN (+) 
+ TTY KYBD | 


TTY Power Return 


TTY PWR 
TAPE 2A 
ТАРЕ ТА , 
а ме 
SERIAL IN, ., | Serial Input 
+24V _ | +24 Мас“ 


11.5 т. (292 mm) 

10.5 т. (267 mm)... 
` 2.35 іп. (60 mm) . 

11b. 11 oz. (630 9) 


FC 


11.5 in. (292 mm) 
4.0 іп. (102 тт) _ 
1.2 іп. (30 тт) ` 
1 Ib. 3 oz. (443 д) 


. 0° to 50°С 
09 to 70°С 
0% to 85% (without condensation) 
6-Post Terminal Block 


| 44-ріп zu: connector 
(0.156 in. centers); Mates with Viking 
2VH22/1AND5 or equivalent. 
17-pin flexible cable. strip connector 
16-pin DIP. connector · 
аа strip connector 


ТТУ Keyboard (Data іп) =i 
ТТУ Power (Data Out) 222 
Tape 2A Remote Control . 
Tape 1A Remote: onte. 


20 mA (4) 


20 тА (+) | 
· |-20 тА (-) | 
21220 mA:(-) · 


13 in. (330 mm) x 14 in. (355 mm) х 7.51 in. (190 тт) 


8 Ib. (3 kg) 


`А65-100, -400_ ЖЕ NE A AIM 65 Microcomputer 


ELECTRICAL CHARACTERISTICS 


Power Requirements 


IM TN | it et a ON 


+5V +5% Regulated 
1K ВАМ + 2 ROMs* 
4K RAM + 5 ROMs 
+24V +15% Unregulated 


Notes: | 
"Рог additional RAM and ROM, allow 


| Typ | Мах Units 
1K 2114 RAM (2 devices) 0.160 x 0.200 | А. 
4K 2332 ROM (1 device) | : 0.080 — .. . 0.120 | A 


** --24V peak current specified as worst case with printer dury cycle of 7596. For most cases, а -- 24V 2A power supply is sufficient. 


NMOS Interface (Input Voltage = *5. ov, TA = 25°C) 


Input High Voltage 
Input Low Voltage 
Input High Current 
(Vig = 2.4У) 

Input Low Current 
(Vie = 0.4А) | 
Output High Voltage 


Output Low cae 

Output High Current (Sourcing) 
(Мон 224V) — 

(Мон #1.5V, VIA РВО-РВ7 only) 


Output Low Current шу 
(VoL <0 AVI 


| TTL —Industry standard LS TTL. | я 35 ТТІ. —Industry standard Tri- State LS TTi. 
OC TTL —İndustry standard Open Collector LS TTL. TP TTL . -—Industry standard Totem Pole 1S TTL. 


А65-100, -400 | Bo _ AM 65 Microcomputer 


PORTA PORT B 
(10 LINES) . (10 LINES) 


APPLICATION CONNECTOR 


NEIN LEE 


DUAL AUDIO 
CASSETTE 
INTERFACE 


'USER-DEDICATED 
R6522 VIA. 


TELETYPE 
INTERFACE 


| SYSTEM 


. . R6522 VIA: E = vy | 
PRINTER | TR | - умнг 
INTERFACE | | ^| crock | 


READ/WRITE 
MEMORY (RAM) 
(1K OR 4K) 


| | PROM/RAM 
«С EXPANSION SOCKETS 
vos Fe (UP TO 12K) 


20-COLUMN 


| ALPHANUMERIC | 
THERMAL 


PRINTER 


SYSTEM BUS - ADDRESS, DATA, CONTROL 


ADVANCED 

INTERACTIVE 

MONITOR 
(8K) 


R6532 
‚| вАМ-/О-ТІМЕН 


| 2 DISPLAY |. 
| АМТЕВЕАСЕ <.—2 


"| KEYBOARD | 
“INTERFACE | | | 


20-CHARACTER 
ALPHANUMERIC 
DISPLAY 


54-KEY 
TERMINAL STYLE 


KEYBOARD 


AIM 65 Microcomputer Block Diagram 


А65-100, -400 ао и | i TAIM 65 Microcomputer 


MONITOR COMMANDS ци, | ТЕХТ EDITOR COMMANDS | 
| "E . ИА — Read lines into text buffer 
Major F unction Entry 2 72 + | — Insert line into text buffer. 
(RESET Button)—Enter and Initialize Monitor ] = К  — Delete current line of text 
ESC — Reenter Monitor | жан | (SPACE) — Display current line of text 
— Enter and Initialize Text Editor L — List lines of text to peripheral /О device 
— Reenter Text Editor — Move up one line w 
— Jump to D000 — Move down one line 
— Jump to 8000 — Со to top line of text 


oazim 


— Find character string 
-- Change character string 


— Quit Text Editor, return to Monitor B 


U 

D 

“4 
— Jump to ВООЗ | | . B — Go to bottom line of text 
Instruction Entry and Disassembly Е 


| em Enter mnemonic instruction entry тоа 
К — Disassemble memory | AIM 65 Memory T 
Display/Alter Registers and Memory. | ДЕСЕН — 
— Alter Program Counter to (address) | DEBUG MONITOR 


А — Alter Accumulator to (byte) | , & TEXT EDITOR ROMs 
X  — Alter X Register to (byte) 3 
Y — Alter Y Register to (byte) | OPTIONAL 
P — Alter Processor Status to (byte) | ASSEMBEER 
S 
R 
M 


— Alter Stack Pointer to (byte) | | га | тк f ONBOARD | 
— Display all registers | 2 NR e kis oat 
— Display four memory locations, starting at (address) OPTIONAL ub 


(SPACE) — Display next four memory locations | | | | 2 Pascal** | 
| | — Alter current memory location | 3 


Manipulate Breakpoints 


* + Clear а! breakpoints. _ 
4 — Toggle breakpoint enable on/off 
В — Set one to four breakpoint addresses. 


| | | ОРТОМА | | | | -. 
7 — - Display. Екозкроти addresses d c | сінді ВМ ВЕ Pascal** > OF F-BOARD 


| Control Instruction/T race 


8 — Execute user's program 

2 -- Toggle instruction trace mode on/off. 
Мо — Toggle register trace mode on/off 
.H —Тгасе: ‘Program Counter цари 


| USER AVAILABLE · "+ 
Control Peripheral Devices 


= | PS > ON-BOARD 
жи | A ПТ 6802 STACK AND |: | 
.L — Load object code into memory from peripheral ИО device - ME ин AIM 65 (65 SYSTEM к Qu 
Б — Dump object code to peripheral I/O device ЕЕ Г. | а: | 
.1 — Toggle Таре 1 control on/off ^ | Ба ИРАН S PAGE ion E 
2 — Toggle Tape 2 control on/off - E NATI NE ECT аш р 4) 7750 
3 = Verify oe checksum " | | ТА NOTES: · "USER AVAILABLE Ца MONITOR/EDITOR 1 Ish oar 
ЯЕ Line Feed Е | | d LANGUAGE ^ ^. PAGE PAGEO - PAGE 24. 
. PRINT — Print Display contents - | | puro 
| | | a | Assembler | | clus s: ор - 0-00 мот USED 
Call User-Defined Functions ~ we | BASIC . X | 0D6 А 200 - 21 
Е lU F v 1 et : FORTH |. 0-А4 ae 200. .30A 
Fi — Call ser Function "e | ня, PLS? 5 © бод зо ае. 
F2 — Call User Ғипсйоп 2002 | Ag p Paca ^. . — .. O6BA,FC-FF 200.2FF | 
F3 — Call User Function 3 "n. E RN ји: Е БК КЕ B in ae 


_Monitor/Editor > <". DF-FF | NOTUSED © 


| Rockwell 


A65-0500 
AIM бэ Microcomputer Family 


A65-0500 


ЕТ 65 MICROCOMPUTER SYSTEM 


DESCRIPTION 


_ The АМ 65 “500” Series Microcomputer System offers the рор- | 


шаг АІМ 65 Microcomputer, power supply, interconnect wiring, 
switches, and attractive injection molded enclosure—all fully 
connected, assembled, and ready for operation. Four models, 
pre-configured with varying. combinations of ROM-based lan- 
guages, support many different educational, scientific, or indus- 
trial applications. The stylistic, low profile, compact enclosure 
with fine textured, nonreflective brown finish complements 
| classroom, industrial, office or laboratory environments. 


All models include a full-size terminal-style keyboard and 20- 
_ character alphanumeric display for interactive operator com- 
munications ‘and а 20-column printer for hard copy records of 


Y computed results of programs and/or data. Serial interface 
. and control lines are provided for audio cassette storage of pro- | 


5 grams and data files. The microcomputer memory features 4K 
bytes of RAM and 8K bytes of ROM-resident interactive debug 
monitor and text editor in-addition to the available languages. 
Most important may be the flexibility afforded by the user- 
dedicated /О port that interfaces to application sensors, actua- 
tors or peripherals. Built-in ИО features include two 8-bit parallel 


handshake and one serial bidirectional data ports. Two 16-bit - 


timer/controllers are available for time measurement or event 

counting. Finally, the microcomputer bus is accessible at a con- 

nector for external expansion with the AIM 65 memory cartridge 

system (A65-905-XX), AIM 65 PROM programmer (A65-901) 

‚ or a selection of RM 65 modules such as floppy disk or CRT 
controllers. 


AIM 65 Microcomputer System 


FEATURES 


expansion. 


3 


R6502 CPU-based single board computer 
20-character 16-segment display. 
20-column thermal printer 

Full-size 54- -key terminal- -style keyboard 
ROM-resident Debug Monitor/Text Editor 
Parallel application connection . 

Expansion bus connection jx 
Includes. power supply, switches and wiring. 
Sturdy aluminum base а 

Low-profile injection molded ABS top. cover 
Enclosed, plug-in memory cartridge option. for. desktop | 


е НМ 65 peripheral, input/output and memory ı module ехраг- 


sion interface 


e Fully assembled, tested and warranted 


ORDERING INFORMATION 


A65-0500 


A65-0515 


A65-0520 


A65-0550 


Order No. 


Description . 


AIM 65 Microcomputer System with 4K RAM and 
12K PROM/ROM capacity 
AIM 65 Microcomputer System with 4K RAM, 8K 
BASIC Interpreter ROMs апа 4K Епоинам 
сарасйу 
АМ 65 Microcomputer будаг with 4K ВАМ, 8K. 
BASIC Interpreter ROMs and 4K Assembler ROM 
АМ 65 Microcomputer System with АК RAM, ВК. 
FORTH ROMs and 4K PROM/ROM capacity 

| Description | | 
АМ 65 Microcomputer User's Guide™ 
АМ 65 Monitor Listing"! | 
АМ 65 Reference Сага“) - 
R6500 Programming Reference Сага"? 
R6500 Hardware Manual"? 
R6500 Programming Manual"? 


. AIM 65 BASIC Language Reference Manual 2) 


Notes: 


AIM 65 BASIC. Reference Сага?! 
AIM 65 FORTH User's Manual?! 


„АМ 65 FORTH Reference Сага) 


. Included with all models. 
2. included with A65-0515 and A65-0520. 
3. Included with A65-0550. 


Document No. 29001D26 
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Data Sheet Order No. D126 
April 1983 


A65-0500 — E | | .. АМ 65 Microcomputer System 


SPECIFICATIONS 


Characteristics | j та Values =. 


Dimensions ii | | C Си 
Width — | | | | ` 13.0 in. (330 mm) 


Depth "^ | 15.5 in. (395 mm) 
Height 3.9 in. (100 mm) 


жым [чью 


Environment ; - 
Operating Temperature | 0? to 50°С 
Storage Temperature | > 0° to 70°С 
Relative Humidity 096 to 8596 (without condensation) 


Power | 5 | | 
Input voltage 115 Мас + 10%, 47-63 Hz"? 
Fuse | 115 Vac, 1A | 
Power cord 6 ft., 3-conductor cord (125 VAC, 13A rating) with molded vinyl grounding 
| plug (NEMA 5-15P) Class В 
Power supply output | 5 VDC (3.0A max.) 
24 VDC (0.5 ave., 2.5A peak) 


interface Connector?) | 
41 (Application) and | T 44-pin edge connector (0.156 in. centers) 
J3 (Expansion) | | | Mates with Viking 2VH22/1AND5 or equivalent 


Notes: 
1. Power supply transformer input connections can be changed for 230 Vac = 10% input voltage. 
2. Refer to Data Sheet Order No. D79 for A65-100, -400 for additional specifications. 
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A65- 002 • Аб5-006 
АМ 65 Microcomputer Family 


A65- .002, A65-006 
САМ 65 MICROCOMPUTER ENCLOSURE 


Rockwell 


PRODUCT OVERVIEW _ FEATURES: 


The АМ 65 Microcomputer Enclosure is an attractive, profes- ^. ө Attractive, low-profile styling 
sional housing for the Rockwell. AIM 65 Microcomputer. Fea- • Compact and Portable 


turing low-profile stylistic design, fine-textured, non-reflective | 
finish and handsome brown color, the enclosure makes the AIM . 
65 Microcomputer a pleasing addition to the office, laboratory, 

classroom and. light industrial environment. The 13 x 15.5 х · 


. Sturdy aluminum base with integral accessory mounting 
brackets | 


e Durable injection- -molded ABS top cover 


3. 9 іпсһев епсюзиге occupies minimal desk-top. space. | —Access holes to Application and Expansion connectors 

^ | —External RESET push-button switch | 
The enclosure consists of a sturdy aluminum base and a durable — Pluggable access holes to STEP/ RUN and ттукв switches 
injection-molded top cover. The base includes mounting provi- | — Clear plastic printer paper tear Баг "> 


_ sions for the power supply, line cord, power switch and circuit 
- "breaker. The cover is UL approved flame-retardant ABS mate- . 
.. rial with metal threaded inserts for firm attachment to the base. 


e All necessary accessories 
-—Rocker-style power on/off switch - 


RT —Fuse holder 
Offered with or without an internat power supply, the enclosure Line Cord. | 
сотев with а rocker-type power on/off switch, a pushbutton | —Alt assembly hardware: па ава | 
reset Switch, a 6-foot, 115 Vac line cord with 3-prong plug, а e Optional +5V +24V internal power supply operates fr from "s : 
fuse holder and fuse, and internal wiring for easy assembly to 230Vac (9 50/60 Hz 


the AIM 65 Microcomputer. 


The filtered ШТІ! provides --5У (regulated) at ЗА and 
--24V (regulated) at .5A (ауегаде)/2.БА (peak). Prewired DC 
power lines terminated with lugs connect directly to the AIM 65 
Microcomputer power terminal strip. The AIM 65 Microcomputer 
гг System passes the FCC Class B radio frequency interference 
-" . requirements for personal computers when used with the A65- 
.006 Enclosure and power supply. 


An external paper holder and paper feed guide allows easy 
printer paper replacement without top cover removal. A clear 
plastic tear bar with a straight knife edge is permanently attached 
to the top cover for convenient paper tear-off. Rear openings 
permit access to the application and expansion connectors. A 
remote Reset Switch installed on the top cover is pre-wired to 
slip-on terminals to mate with external Reset switch posts on 
the AIM.65 Master Module. Removeable plugs allow access to | 
the RUN/STEP and TTY/KB Switches on.the AIM 65 Master 


Module. 
_ Document Мо. 29000080 | | | й | | | | . Data Sheet Order No. D80 


| Rev. 1, March 1983 · 
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- А65-002 and A65-006 _ АМ 65 Microcomputer Enclosure 
ORDERING INFORMATION | 


A65-002 AIM 65 Enclosure (without Power Supply) 
. A65-006 


AIM 65 Enclosure and Power Supply 
SPECIFICATIONS 


Dimensions Accessories (cont.) 


Depth | 12.9 іп (328 тт) - Power Cord , 
Width 15.5 in (394 mm) Type 3-wire/18-gauge 
Height 3.9 in ( 99 mm) . Plug US 3-prong (NEMA 5-15P) 
я | Length 6 feet | 
Weight Rating 125V/13A 


without Power Supply 5 Ib. 0 oz. (2.24 kg) 
with Power Supply 9 Ib. бог. (4.20 Ка) 
Shipping Weight | 
without Power Supply 6 Ib. 8 oz. (2.9 kg) 
with Power Supply 10 Ib. 14 oz. (4.87 kg) 


Construction 
Base Material Sheet Aluminum with 


Power Supply | | 
AC Input 115/230 Vac = 1095, 
| 47-63 Hz 

(Derate output current 


10% for 50 Hz operation) 


DC Output 1 


fine textured. 


ARS Voltage Adjustable +5\/ас+5% 
Chem-film finish’ (regulated) 
Mounting Brackets у Integral Current |. BOA 
Gover : | | Overvoltage Protection 6.2--0.4Уас 
Material Flame-retardant ABS plastic | | | | | 
Forming Injection Molded DC Output 2 | 
Calor Dark Brown Voltage Adjustable +24Vdc (regulated) 
Finish Non-Reflective, Current 0.54 (average)/2.5A (peak) 


Automatic current limit/foldback 


0° to 50°С full rated output 
(Derated linearly) to 40%@70°C 


Accessories T 
Fuse | 115 Мас @ 1A/ 
230 Vac @ 0.5A 
Power On/Off Switch Rocker-style 
Reset Switch Square Push-button 


Short Circuit Protection 
Temperature Rating 


UL Recognized | 
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TE A65- 003 | 
АМ 65 Merocamputer Family 


A65- 003 


AIM 65 SERVICE TEST BOARD 


DESCRIPTION 


The AIM 65 Service Test Baan, іп conjunction with the AIM 65 


Microcomputer and AIM 65 Debug Monitor ROMs, performs a 


complete functional test of the microcomputer. This test board . 


provides a convenient way. to test the AIM 65 microcomputer 
either after repair or during periodic inspection and preventative 


maintenance. The module connects directly to the AIM 65- 


Microcomputer Application and Expansion connectors. Power 
is supplied from the AIM 65 Microcomputer eliminating addi- 
tional power connection requirements. 


Тһе ROM- based test program can be initiated immediately after 


microcomputer power turn-on. Menu type command prompts | - 
simplify test selection. Five separate commands allow testlevel. 
selection appropriate to the test objective. ALL TESTS selection E 
performs nine separate tests consecutively to check all micro- 


computer circuits as well as the application and expansion inter- 

faces. Once initiated, operation. is automatic with operator 
response required only to type keys to test the keyboard and 
to advance testing after printer adjustment. SINGLE TEST.mode 
allows a specific test [0 be performed—this is especially useful 
when testing a particular device or circuit. CONTINUOUS TEST 
performs a repetitive test of the microcomputer without operator 
intervention—thus supporting burn-in operation and test after 
component replacement. R6532 and 2114 RAM can be selec- 
. tively checked with the R6532 RAM and 2114 RAM tests, 
respectively. 


Test commands and results are displayed and printed. The 
printout provides hardcopy test results for easy inclusion in 
equipment maintenance records. Adjustment of potentiometers 
controlling printer speed, printer dot intensity and audio tape 
circuit gain enables proper and consistent settings. An LED pro- 
vides visual indication of proper audio circuit gain adjustment. 


Mechanical adjustment of printer gear alignment is also : 


supported. 


FEATURES 


Performs complete functional test - 

No external equipment required 

Provides hardcopy test results 

ROM-based 4K-byte test program for immediate operation. 
Performs five tests upon command 

—ALL TESTS 

— SINGLE TEST | 

—CONTINUOUS TEST 

—R6532 RAM TEST 

—2114 RAM TEST 


Tests nine separate functions in ALL TEST mode or upon 
SINGLE TEST command 


—Chip select logic 
—ROM checksum 
— R6532 апа 2114 ВАМ 
_ —User R6522 VIA 
— System R6522 VIA _ 
— Display | 
— Printer 
— Switch 
—Keyboard 
Isolates most failures to component level 
Supports calibration of variable adjustments 
--Аидо tape circuit gain | 
—Printer speed 
— Print intensity 
—Printer dot alignment 
Audio tape circuit gain adjustment LED indicator 


e Easy installation—connects directly to АМ 65 Application 
and Expansion connectors 


e No external power required 


ORDERING INFORMATION - 


Part No. Description 
A65-003 AIM 65 Service Test Board | 
Order No. Description 


2117 AIM 65 Self-Test Module User's Manual 
(Included with A65-003) 


Document No. 29001D24 


Data Sheet Order No. D124 
April 1983 


C й | АМ 65 Service Test Board. 
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А65-004-03 T 


САМ 65 Microcomputer Family 


A65-004-03 


АМ 65 РОМЕН SUPPLY AND CABLE 


Rockwell 


DESCRIPTION 


The AIM 65 Power: Supply апа Cable isa асарын ореп frame Em 


DC power supply with output cable for connection іо ап АМ 65 — 


Microcomputer. The power supply fits compactly inside the ` à 


АМ 65 Enclosure: (A65- 002). to provide а complete table top 
microcomputer. ‘system. The +5V/3A output provides plenty of 


power for full on-board PROM/ROM and. RAM expansion. The | 


+ 24У/ t 5A output supplies p Power, for the АМ 65 Tiieqpoomptter ; 


printer. 


| Slip-on terminals с on 1 the AC input terminal "os агару: con. E 


_ nection юга wide range. of input power:: 110/115/21 5/230 Vac | 


а! 47-63 Hz. 


the. AIM 65 а power terminals. 


Both outputs are ‘current limited to рге датаде to the power... oe 


Не 3-wire.DC. output Cable; factory connected to. Е ; 
the power supply output terminals, сап be readily connected to 2 | 


supply if the outputs аге. overloaded or оные shorted ed 


together. Full power. is E provided Кот 0° to 5070. | 


A p 


FEATURES | Xu ут 
„е Dual АС input voltage E. | 
(5 .—1100r115 Мас @ 47-63 Hz0r з. 

—215 ог 230 Мас. @ 47- 63 Hz Fo s 


9 ORDE RING NFORMATION | 


e Two DC output voltages у 
—+5V for AIM 65 Microcomputer logic 

-+24М for. АМ 65 Microcomputer printer 5 и 

• Slip-on input connect i N. Ди Ж 


Dement г. included. Е 


x i " Description | 


| EO | “Power г Supply and Cable. 


A65-004-03 Power Supply 


_ Document Мо. 29001025 
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Data Sheet Order No. 0125 | 
April. 1983. | 


A65-004-03 © AIM 65 Power Supply and Cable 
SPECIFICATIONS P в" | MAN 


Parameter | Value | -Parameter | Value ^ 


AC Input 115/230 Vac x 10%, 47-63 Hz Dimensions | КА 
| (Derate output curent 10% (ог 50. | А. = 6.31 іп. (160.3 тт) 

Hz operation) | В 4.50 in. (114.3 mm) . 
C 3.78 іп. (96.0 mm) 2 

DC Output 1 | | О ‚ 1.62 in. (41.3 mm) 
Voltage Adjustable +5 Мас + 5% (regulated) Е 0.45 іп. (11.4 тт) 
Сштепі 3.0A F 1.10 in. (27.9 mm) 
Overvoltage Protection 6.2 + 0.4 Мас с 2.12 іп. (53.8 тт) 

H 0.95 in. (24.1 mm) 

DC Output 2 | 1.24 in. (31.5 тт) 
Voltage Adjustable +24 Мас (regulated) J 3.62 in. (91.9 mm) 
Current | 0.5A (average)/2.5A (peak) K какы. 71.20 іп. (30.5 тт) 

| Ез 4 | 8-32 ТНО (3) 
Short Circuit Protection Automatic current limit/foldback — Output Cable КА 
| | s DE Length 2 10 in. (254.0 mm) | 

Temperature Rating 0°С to 50°С full rated output (Derated Type 3-wire jacketed with internal balun 

linearly to 40% @ 70°С) Load Termination Spade lugs 


‘Routed Outputs +5%, +24М and COM 


— Ј 
AC INPUT TERMINAL ОС OUTPUT TERMINAL" 
~~ 52435 сом | | 
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ASSEMBLY LANGUAGE 


An assembler translates microprocessor instructions and data 
statements written in symbolic form (the source program) into 


machine executable code (the object program). The АМ 65 | 


Assembler translates one instruction, consisting of a label (if 
required), a mnemonic operation code, an qperand (if required) 
and arithmetic operator (if required) into a machine instruction 


consisting of from one to three bytes of memory. Constants ` 


comprising. one or more bytes of memory are generated from 
data statements while one or more bytes of memory are assigned 
to variables. The assembler operates in two passes. Pass 1 


checks for syntax errors and assigns values to symbols in a 
symbol table. Pass 2 generates the actual machine code and . 
outputs the assembly listing which lists the source code and the | 


corresponding machine code. 


The source code is usually entered using the AIM 65 Text Editor 
then assembled to generate the machine code for program 


execution and debugging. Program changes to the source pro- | 


gram can easily be edited then the program reassembled to 
generate the new machine code thus eliminating the need for 
the programmer to code and recode the program in machine 
соде—а time consuming and laborious process. | 


PRODUCT OVERVIEW 


Тһе АМ 65 Assembler is а 4K-byte ROM-resident, two-pass 


symbolic assembler that plugs into socket Z24 on the AIM 65 
Microcomputer Master Module and operates in conjunction with 
the AIM 65 Debug Monitor/Text Editor ROMs. The assembler 
translates computer program instructions. written in standard 
assembly language for the 6502 microprocessor into machine 


code that will operate in any 6502 or 65XX CPU. Operating . 


options are selected interactively by the operator upon assembly 


command. These options specify source code device, object. 


code device, symbol table location, full assembly or errors only 
output listing and output listing device. Memory to memory 
assembly is supported for rapid program generation. Compati- 
bility with the RM 65 Floppy Disc Controller (FDC) module 
(RM65-5101NE) and AIM 65 DOS 1.0 ROM (A65-090) allows 
source code to be input from one or more files on floppy disk 
and object code to be output to a floppy disk file to assemble 
мегу large programs and to permanently save source and object 
code. E 


Document No. 29001D12 


/^— А65-400 0 
AIM 65 ASSEMBLER ROM 


| _. A65-010 
AIM 65 Microcomputer Family 


FEATURES 


AIM 65 Microcomputer host 

6502 machine code generation 
ROM-resident for immediate operation 
Symbolic linkage—operands and labels 
Interactive assembler operation setup 
Operator selected input device | 
—Memory (text buffer) 

— Audio tape 

ТТУ 

— User defined 


‚ ө Operator selected object code output device. 


. —Memory (ВАМ) 
' —Audio tape 
»O—TTY 


. —Display/printer 


. —Printer 
— User-defined 


E" Operator selected assembly/error listing output device 


. —Display/printer 
— Printer 
— User-defined 
e Assembler directives . 
e AIM 65 DOS 1.0 compatible 


.MEMORY МАР. 


аааз (не) 


$D000-$DFFF Assembler Program 
$0-$АС Assembler Variables 


ORDERING INFORMATION 


Description 


- A65-010 AIM 65 Assembler ROM 


AIM 65 User's Guide 
(includes AIM 65 Assembler 
User's Instructions) 


209 


Data Sheet Order No. D112 
April 1983 


65-01 0 


R6502 СРЏ INSTRUCTIONS | 


Add Memory to Accumulator with Cary 
· "АМО Memory with: ‘Accumulator ` 3 
: К Shift Left One Bit (Memory or Accurulator). 


Branch on Carry Clear 
Branch on Carry Set | 
Branch on Result Zero | 
Test Bits in Memory with Accumulator ` 
Branch on Result Minus · | 
‚ Branch on Result Not Zero 
Branch on Result Plus | 
‘Force Вгеак . 
Branch on Overflow. Clear 
Branch on Overflow Set | 


Clear Carry Flag 

Clear Decimal Mode 

Clear Interrupt Disable ВЕ. 

Clear Overflow Flag . : 
Compare Memory and Accumulator 
Compare Memory and Index X 
Compare Memory and Index Y 


' Decrement Memory by One 
Decrement Index X by One . 
Decrement Index Y by One 


Exclusive-OR Memory with Accumulator 


Increment Memory by One 
Increment Index X by One 
Increment Index Y by One 


Jump to New Location ^ 
Jump to New Location Saving Return Address 


. Equate 
Byte constant 
Word constant 
. Double-byte constant 
Page heading 
Skip line 


“ОРТ 


РШЕ 
.END 


__АММ 65 Assembler ROM 


instruction 


Load Accumulator with Momay 
Load Index X with Memory _ 


` Load Index У with Memory 


Shift Right One Bit (Memory or Accumulator) 
No Operation | | 
OR Memory with Accumulator 


Push Accumulator on Stack 
Push Processor Status on Stack 
Pull Accumulator from. Stack 
Pull Processor Status from Stack 


Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory or comen 
Return from Interrupt 

Return from Subroutine 


Subtract Memory from Accumulator with Borrow 
Set Carry Flag 

Set Decimal Mode 

Set Interrupt Disable Status. 

Store Accumulator in Memory 

Store Index X in Memory 

Store Index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index У 
Transfer Stack Pointer to Index X 
Transfer Index. X to Accumulator | 
Transfer Index X to Stack Pointer 
Transfer Index Y to Accumulator 


Function 


Listing control option. 
Assembly listing generation 
Object code question 
Error listing generation 
Source code file linkage 
Last өтеле зошсе code file кадо · 


LISINOL | 
GEN/NOG 
ERR/NOE ` 
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BASIC LANGUAGE 


BASIC is a simple but powerful computer program language. 
Originally developed at Dartmouth University, BASIC has gained 


universal acceptance and is commonly used world-wide in - 


schools, industry, and science. 


The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 


multiple variables can easily be solved. Internal floating - 
point arithmetic handles а wide range of numeric values | 
(2.93873588Е —39 to 1.70141183E +38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtrac- 
tion, multiplication and division, a full set of transcendental func- | 
tions support trigonometric, exponential, square, square root, - 


polynomial and logarithmic operations. 


PRODUCT OVERVIEW 


The AIM 65 BASIC Interpreter, consisting of input formatter, 


lister, floating point functions, interpreter and input/output func- 


tions, is contained in two 4K-byte ROMs that plug into sockets. 


Z25 and Z26 on the AIM 65 Microcomputer Master Module. AIM 
65 BASIC operates in one of two modes, development and run- 
time. In the development mode, BASIC statements are entered 
and executed as either direct or indirect commands. Direct com- 
mands are executed upon entry to provide immediate results, 
however, the statements are not stored for subsequent execu- 
tion. Indirect commands are entered along with an associated 
line number and are executed upon RUN command entry. The 
AIM 65 microcomputer peripherals, i.e., the keyboard, 20-char- 
acter single line display and 20 column printer, are used in the 


development mode to enter statements, to list entered indirect - 


statements and to display/print execution results. The AIM 65 
Debug Monitor/Text Editor ROMs must be resident in both the 
run-time and the development mode. 


In the run-time mode, BASIC begins execution of the application 
program (i.e., previously entered indirect statements) without 
entering the BASIC command level. A short user-provided driver 
program initializes BASIC upon entry from the АМ 65 Monitor 
command level via key depression or execution command (or 


upon power turn-on or RESET if the RESET vector points to the | 


application program). 


The АМ 65 BASIC Interpreter ROMs, when installed in the AIM 
65 Microcomputer, support development and checkout of an 
application program written in BASIC that is to be installed in 
ап RM 65 Single Board Computer (SBC) module for run-time 
operation. The developed program, located in PROM or loaded 
from mass storage, will run with RM 65 Run-Time BASIC ROM 


AIM 65 BASIC INTERPRETER ROMS 


AIM 65 Microcomputer Family 


A65-020 


installed in the RM 65 SBC module. In this configuration, all RM 
65 input/output operations must be user-provided and can be 
tested using the АМ 65 Microcomputer prior to being installed 
in the RM 65 environment. | 


LANGUAGE FEATURES 


BASIC is easy to learn 

Microsoft BASIC is universally accepted 

BASIC is widely used s 

Supports simple and complex statements 
Floating point arithmetic functions 

— Ааа, subtract, multiply, divide | | 
— Trigonometric (sine, cosine, tangent, arctangent) 
— Exponential, square, square root 

— Natural logarithm | 
String variables and arrays 

Integer variables 

Subroutine calls 

Conditional expressions 

User function 


INTERPRETER FEATURES 


AIM 65 Microcomputer host 
ROM resident for immediate operation 
Operates in development and run-time modes . 


Fast execution (reference Microsoft 6502 BASIC 
interpretation) . 
Develops programs for execution in AIM 65 Microcomputer 
with AIM 65 BASIC installed or in RM 65 Single Board Com- 
puter (SBC) module based system with RM 65 Run-Time 
BASIC installed 


Executes application program from RAM or PROM 


ORDERING INFORMATION 


A65-020 AIM 65 BASIC ROMs - | 
RM65-0122 | RM 65 Run-Time BASIC ROM 


221 АМ 65 BASIC Language Reference Manual 
233 АМ 65 BASIC Reference Сага“) 
810 RM 65 Run-Time BASIC User's Manual? 


Notes: | 
1. Included with A65-020. 
2. Included with RM65-0122. 
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САМ 65 BASIC Interpreter ROMs — 


PROM PROGRAMMING | 


The: ‘application program is easily Шаман into a | PROM f or 
operation in an OEM or end-user environment üsing the AIM. 65. 

| Microcomputer connected to either ап RM 65 PROM Pro- 
grammer module (RM65- -2901E) or an АМ 65 PROM Pro- 
grammer and СО- ED Module > (AGS e | 


Contents . 


AIM 65 BASIC Program 
САМ 65 BASIC Variables 
АМ 65 5 BASIC Variables 


С. Address (Hex) _ 
| 88000-БСЕРЕ - 
‚ $200-$20F 
“80-506 


BASIC STATEMENTS | 
| _ Program Statements | 2222222 Commands з ooo етер Functions —- 


»DEFFN | | | OABEEAR Ин ан | АВС 
DIM EE M пъ СОМТ e 700075 a CHR$ . 
END | "ub MA | ЛЕВЕ 7; | P _ LEFTS$ ` 
FOR о MEN бт ЕМ 
GOSUB . : к. LOAD ore Ве, . MID$ _ 
‘GOTO. EE ^ (70 NEW oou 7 55... "m RIGHTS 
F...GOTO ш" x РЕК ©з со 2. -> STR$ 
ЈЕ... ТНЕМ > | | | POKE 202... МАЈ 


МЕХТ Ма | | ЗАМЕ | Ж A Arithmetic Functions 
ON...GOSUB | "mmm ВЕЩА. | С АВЅ 
ОМ... GOTO ar М 755^ -. Jnput/Output | | Е 
ВЕМ T is DIXON уа e Ы | ATN* с 
RESTORE DATA |: 147 зрее д: СО. 
c . GET Í | | | ЕХР 
RETURN г a m. ч мо: кт 
STOP " -INPUT | u INT 
“WAIT PRINT. |. | RND 
| ‚ 5РС Е и SIN. - 
| "TAB А ЗА | | ‚ SGN 
РОВ 2-02 ос ји та 1 80А, 


"Links be user-provided function. 
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A65- 024 
AIM 65 Microcomputer Family 


A65-024 


САМ 65 BASIC COMPILER 


BASIC LANG UAGE 


BASIC is a simple but powerful computer program language. 
Originally developed at Dartmouth University, BASIC has gained 


universal acceptance and is commonly used world-wide in . 


schools, industry, and science. 

The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved. Internal floating 
point arithmetic handles a wide range of numeric values 
(2.93873588E —39 to 1. 70141183E +38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtraction, 
multiplication and division, a full set of transcendental. functions 
support trigonometric, exponential, square, square root, poly- 
nomial and logarithmic operations, . 


PRODUCT OVERVIEW 


The AIM 65 BASIC Compiler, consisting of the BASIC oe 
and BASIC run-time library, is contained on an AIM 65 diskette. 
The BASIC Compiler, in conjunction with the BASIC run-time 
library, compiles a program written in the BASIC language into 
. а 6500 assembly language source file and an optimized run- 

. time library Ше. The BASIC source code file is made up of 


indirect BASIC commands and statements. The two output files, 


assembly source file and optimized run-time file, are then 


assembled using the AIM 65 Assembler to create a BASIC | 


object code file for execution. 


The AIM 65 Text Editor can be used to create and edit the 
application program source code. The AIM 65 peripherals, i.e., 
keyboard, 20-character single-line display and 20-column printer, 
are used to enter and list BASIC statements and to display/print 
execution results. 


The disk-based compiler operates on the AIM 65 Microcom- 
puter in conjunction with the RM65 Floppy Disk Controller (FDC) 
module and the AIM 65 DOS 1.0. The AIM 65 Assembler (Part 
No. A65-010) is required to support the BASIC Compiler on the 
АМ 65 Мсгосотрщег. 


LANGUAGE FEATURES 


е ВАЅІС іѕ еазу 10 Іеагп 
е Microsoft BASIC is universally accepted: - 

e BASIC is widely used 

e Supports simple and complex statements 

e Floating point arithmetic functions 

— Ааа, subtract, multiply, divide . 

—Trigonometric (sine, cosine, tangent, arctangent) 
—Exponential, square, square root | 

— Natural logarithm 

String variables and arrays | 

Integer variables | 

Subroutine calls 

Conditional expressions 

Қы function 


‘COMPILER FEATURES 


Aim 65 Microcomputer host 

Generates standalone object code 

Compiles to 6500 assembly мъ. easing optimization 
Fast execution 


Develops programs for execution in AIM 65 а 
without АМ 65 BASIC installed or іп RM 65 Single Board 
Computer (SBC) module based system without RM 65 Run- 
Time BASIC installed 


e Executes application program from RAM or PROM 


ORDERING INFORMATION 


A65-024 AIM 65 BASIC Compiler | 


АМ 65 BASIC Compiler User's Manual"? 
АМ 65 BASIC Reference Сага“) 

Note: 

1. Included with A65-024. 
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| MEMORY MAP 


Address (Hex) ai ________Сотетв__ 
$1000-$3C00 - AIM 65 BASIC Compiler 


$0-$FF ~, | . АМ 65 BASIC Variables | 


BASIC STATE MENTS | 


Program Statements М 


__ПЕРЕМ 
рм 
ЕМО 
FOR 
GOSUB 
MOTO 
. GOTO 
Е ‚ ТНЕМ 
LET 
NEXT 
ОМ... GOSUB 
_ ON... GOTO 
_ REM 
RESTORE | 
RETURN | 
STOP 
- USR 
WAIT 


. *Links to user-provided function. 


Commands | 
PEEK _ 
-< POKE | 


Input/Output — — d БЕ 


DATA. 
GET 


“INPUT 
READ 


PRINT 
SPC 
TAB 
POS 


7-23 


ЕШ 65 BASIC > Compl E. 
| РВОМ PROGRAMMING . «> | 


|. The application program is easily. у into a А PROM for 


operation in an OEM or епд-изег. ‘environment using the: AIM 65 


Microcomputer connected to either ап АМ 65 РРОМ ` Pro- 
-grammeér module (RM65-2901E) or an AIM. 65 PROM Pro- 
grammer and CO-ED Module прават). m SEN 


String Functions | 
_ АЗС | 


' CHR$- 
LEFTS 


<МІбФ 
RIGHTS 
~. STRS > 
"VAL | 
: Arithmetic Functions. 
ABS | 
АТЫ" 
СО5 
EXP 
INT 
LOG 
RND 
SIN. 
- SGN 
_ SQR 
“ ТАМ 


~ 
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A65- 030 
AIM 65 Microcomputer Family 


/A65-030 - 


AM 65 PL/65 COMPILER ROMS 


PL/65 LANGUAGE 


PL/65 is a high level language developed for the R6500 family 


-of microprocessors. Resembling PL/I and Algol in general form, 

PL/65 combines high level language attributes with the power 
and flexibility of assembly language for efficient generation of 
time-critical and system implementation software. High level 
constructs speed program development and eliminate machine 
coding errors by the use of compiler generated algorithms. All 
language features are aimed at improving the productivity of the 
‘systems programmer by simplifying the writing of computer pro- 
grams ошау written in жш language. 


PRODUCT OVERVIEW 


The AIM 65 PL/65 Compiler is contained in two 4K-byte ROMs 
that plug into sockets Z25 and Z26 on the. AIM 65 Microcom- 
puter Master Module. The compiler operates in conjunction with 
the AIM 65 Debug Monitor/Text Editor ROMs. Source code 
written in PL/65 is compiled into assembly language instructions 
rather than 6502 CPU machine code to allow program enhance- 


ment at the assembly level, if needed, and to avoid symbol : 


manipulation in the compiler. Drop down capability allows 
assembly language to be incorporated in-line in the source 
code, however. The generated assembly language may then be 


 . . assembled оп the АМ 65 Microcomputer using the AIM 65. 
..« Assembler ROM. 


+ Compatibility with the RM 65 Floppy Disk Controller (FDC) 
module and AIM 65 DOS 1.0 firmware allows efficient mass 
storage and file handling of source code written in PL/65, the 
PL/65 compiler generated assembly language and the assem- 
bled machine code—especially for large programs. The сот- 
piler inputs source code from the AIM 65 Text Editor, audio tape, 
TTY or user-defined devices and outputs assembly code to dis- 
play/printer, memory, audio tape, TTY or user defined devices. 
The floppy disk interface is implemented through the user-defined 
functions via DOS 1.0 firmware. | 


PL/65 compilers have also been implemented on the AIM 
65/40 Microcomputer and the System 65 Development system 
to allow programs written in PL/65 to be transported between 
these systems. AIM 65 and AIM 65/40 PL/65 is a subset of the 
System 65 PL/65. 


В FEATURES 


AIM 65 Mictocomputer host and target 

ROM resident for immediate operation 

Resembles РІЛ and Algol 

Increases program productivity and efficiency 

Improves program reliability - | 

Reduces programming errors 

Drops down to assembly language by block or single instruc- 

. tion for optimal code efficiency 

e Includes control structures for conditional branching and iter- 
ative looping | 

Зирроп5 structured programming and self-documentation 

e Encourages modular program design 

e Compatible with RM 65 FDC module and AIM 65 DOS 1.0.. 


MEMORY MAP 


патен (Ho) 


$8000-$СЕЕЕ |PL/65 Compiler Program 
$0200-$049F |РІ/65 Compiler Variables (Compilation Only) 
$0-$4 PL/65 Compiler Variables (Compilation and 

Runtime) 


ORDERING INFORMATION 


| Description 
A65-010 AIM 65 Assembler ВОМ 
NOTES: | 


1. Included with A65-030. 
2. User's instructions included in AIM 65 User's Guide 
(Order No. 209). 
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A65-080 ъ — - AM 65 PL/65 Compiler ROMs. 


PL/65 LANGUAGE STATEMENTS 
Specification Rm Block | | Imperative 
С ENTRY BEGIN SHIFT 
EXIT DO | ROTATE _ 
ТЕЕ | | ЕМО | АЗЗЕМВЕУ СОРЕ 
DFILE 


Declaration 


DECLARE 
IF-THEN-ELSE DEFINE 
DATA 


Conditional Execution 


Branching HNS TAGK | 
GOTO | 
CALL Direct Single Byte Move 
RETURN | Indirect Single Byte Move 
RTI Direct Multiple Byte Move 
BREAK 

HALT 


Assignment 


Looping 
_— FOR-TO-BY 
"WHILE | 


Miscellaneous 


Comment 
Tab 
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FLOATING POINT ARITHMETIC 


Floating point arithmetic is often desired to perform mathemat- 
. ical operations in calculation intensive applications such as sci- 
entific computation, industrial data acquisition and reduction, 
process control, and laboratory measurements. In the AIM 65 
Math Package, a number is represented in floating point form 
as an unsigned exponent, a normalized mantissa and an arith- 
metic sign. The magnitude of the number is equal to two raised 
to the exponent power times the fractional mantissa, where the 
exponent may range from —127 to +127. The mantissa is а 32- 
bit number normalized such that the most significant bit (MSB) 
is always equal to “1”. Operating on floating point numbers 


alleviates programming difficulty and additional development . 


time usually associated with fixed point scaling and minimizes 
uncertainties when performing calculations involving both very 
large and very small numbers. Numbers in magnitude from 
2.93873588E —39 to 1.70141183E--38 can be handled in the 
AIM 65 Math Package. In addition, nine digit accuracy is pro- 
vided in most calculations. 


PRODUCT OVERVIEW 


The AIM 65 Math Package contains a full complement of floating 
point arithmetic, conversion, trigonometric, utility and other tran- 
scendental functions as user callable subroutines in a 4K-byte 
ROM. Programmed in 6502 machine language for fast execu- 
tion, these functions support calculation intensive applications. 
These functions are host computer independent and may be 
installed in any 6502 CPU based microcomputer supporting the 
memory map requirements. The math package is located at 
$D000-$DFFF to allow direct installation in an АМ 65 Micro- 
computer, an RM 65 Single Board Computer (SBC) module or 
in an RM 65 PROM/ROM module. 


In addition to the machine language interface, direct linkage to 
AIM 65 FORTH and RM 65 Run-Time FORTH provides floating 
point processing in the FORTH language. When installed in an 
AIM 65 Microcomputer with AIM 65 FORTH also installed, the 
floating point words can be automatically linked to the FORTH 
vocabulary during FORTH initialization. Application programs 
written in FORTH can thus be both developed and executed on 
the AIM 65 Microcomputer. For OEM or end user installation in 
an RM 65 system with user-provided input/output functions, 
such programs can be developed on an AIM 65 Microcomputer 
then transferred to an RM 65 SBC based system with RM 65 
Run-Time FORTH instaled for execution in the RM 65 
environment. 


A65-040 
AIM 65 Microcomputer Family 


A65-040 


AIM 65 MATH PACKAGE ROM 


FEATURES 


e Floating point arithmetic 
— Addition and subtraction 
—Multiplication and division 
e Integer arithmetic 
—Multiplication 
—Division 
e Comparison (<, =, >) 
• Trigonometric 
—Sine and cosine 
—Tangent and arctangent 
e Conversion 
— Degrees to radians 
—Radians to degrees 
e Polynomials 
—Consecutive power 
—Odd power 
e Logarithmic 
—Natural log 
—Common log 
Square root, power, exponential 
Absolute value, integer and floating point sign, greatest integer 
6502 CPU machine instruction linkage 
Host computer independent 
AIM 65 FORTH and RM 65 Run-time FORTH compatible _ 
4K-byte ROM based 
Nine digit accuracy. 
Wide range (2.93873588E —39 to 1.70141183Е +38) 


ORDERING INFORMATION 


Description 


A65-040 AIM 65 Math Package ROM 
A65-050 AIM 65 FORTH ROMs 
RM65-0152 RM 65 Run-Time FORTH ROMs 


2118 АМ 65 Math Package User's Manual” 
265 АМ 65 FORTH User's Manual? 
812 RM 65 Run-Time FORTH User's Manual" 


Notes: 

1. included with A65-040. 

2. Included with A65-050. 

3. Included with RM65-0152. 
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А65-040 _ 


АМ 65 Math Package ROM 


MEMORY MAP 


$D000-$DFFF АМ 65 Math Package Program : 
$АВ-$С4 
$25C-$27E 


Contents б. 


АМ 65 Math Package Variables 
AIM 65 Math Package Variables 


MATH PACKAGE FUNCTIONS 


7-27 


Assembly Assembly 
Language | FORTH | Language | FORTH 
Label Word Function Label Word . Function 
© [INIT Initialize Math Package SIN SIN Sine 
FADDT Е+ Floating Point Add COS COS Cosine 
FADD | Floating Point Add (Memory) TAN TAN Tangent 
FSUBT _ F- Floating Point Subtract ARCTAN ARCTAN Arc Tangent | 
FSUB | Floating Point Subtract (Memory) DEGRE DEGREES Convert Radians to Degrees 
FMULTT Dp t Floating Point Multiply RADS RADIANS Convert Degrees to Radians 
FMULT Floating Point Multiply (Memory) POLYX POLYODD | Odd Exponent Polynomial 
FDIVT F/ Floating Point Divide POLY POLY Consecutive Exponent Polynomial 
FDIV Floating Point Divide (Memory) MOVFM М>Е Моме Митбег тот Метогу ю ҒАС 
| IMULT Integer Muitiply MOVMF Е>М Move Number from FAC to Memory 
IDIVID — Integer Divide MOVFA Move Number from ARG to FAC 
FTOD |. | Convert Floating Point to Integer MOVAF Move Number from FAC to ARG 
DTOF Convert Integer to Floating Point CONUPK М>А | Move Number from Memory to ARG 
NEGFAC | Negate Floating Point Number S>A Move Number from Stack to ARG 
| ABS FABS Absolute Value of Floating Point S>F Move Number from Stack to FAC 
m | Number Г 2 gts, Е>5 _Моуе Number from FAC to Stack 
| ІМТ ІМТ Truncate Floating Point Number FIN Convert ASCII to Floating Point 
SGN SGN Sign of FAC.to FAC FOUT Convert Floating Point to ASCII 
SIGN FSIGN Sign of FAC to ARG MIN-WIDTH | FOUT Minimum Field Width Variable 
FCOMP FCOMP Compare Floating Point Number DEC-LENGTH | FOUT No. of Places to the Right of the 
SQR · SQR Square Root >” Decimal Point Variable 
FPWRT 1 Raise to а Power 
EXP | EXP “Exponential - 
LOG10 LOG Common Log 
LOG LN Natural Log 


~ 
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" Аб5-050 
AIM 65 Microcomputer Family 


A65-050 


AIM 65 FORTH ROMS 


FORTH LANGUAGE 


FORTH is a unique programming language well suited to a 
variety of applications. Because it was originally developed for 
real-time control applications, FORTH is ideal for machine and 
process control, energy managements, data acquisition, auto- 
matic testing, robotics and other applications where assembly 
language was previously the only possible language choice. 


FORTH actually provides the best of two worlds. It has the 


looping and branching constructs of high-level languages . 
ELSE 


(DO ... LOOP, BEGIN. .. END, IF... THEN and IF... 
. THEN) and the code efficiency of machine and assembly 
languages. And programmers will be pleased to know that 
. FORTH allows you to specify addresses, operands and data i in 


hexadecimal, octal, binary or any other number base from two _ 


PRODUCT OVERVIEW 


AIM 65 FORTH, consisting of primitives, interpreter, macro 
assembler and input/output functions, is contained in two 4K- 
byte ROMs that plug into the АМ 65 Microcomputer Master 
Module sockets 225 and 226. РОНТН functions are linked 


_ to АМ 65 Debug Monitor and Text Editor ROMs providing 


access to the АМ 65 peripherals (keyboard, single-line display 


to 40—a distinct advantage over languages like BASIC, where | 


all information must be in decimal. 


In most time-critical applications, at least part of the program 
must be written in assembly language. FORTH has a built in 


6502 macro assembler, and lets you drop into assembly lan- 


guage at almost any point in your program, without perarate 
assembly and load steps or awkward machine level linkage. 
FORTH programs typically run up to ten times faster than other 
interpretive languages, and can even approach the speed of 
machine language programs for some applications. 


FEATURES 


AIM 65 ери host and target 
ROM resident for immediate operation 
Application oriented | 

Extensible language 

Over 200 pre-defined functions 
Interactive compilation 

Reverse polish notation 

Compact memory usage 

Fast execution 

Easy debugging 

Stack implementation 

16-bit words 

Built-in structured macro assembler 
Shortens software development time 
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and 20 column printer) as well as user-defined input/output 


functions. Both interactive and batch modes of operation are 
supported. Interactive operation interprets FORTH words upon 
entry for immediate execution and debugging or for compilation. 


In the batch mode, FORTH words can be entered into the Text 


Buffer then input to FORTH for interpretation. The batch. mode 


. allows an application program to be easily. edited using Text _ 
Editor commands. Application programs written in FORTH can 


thus be developed, as well as executed for checkout or pro- 
duction operation, on the AIM 65 Microcomputer. 


АМ 65 FORTH ROMs, when installed in an АМ 65 Microcom- 


_ puter, can also be used to develop and checkout an application 


program written in FORTH that is to be installed in an RM 65 
Single Board Computer (SBC) module for runtime operation. 
The developed program will run with RM 65 Run-Time FORTH 
ROMs installed in the RM 65 SBC module. In this configuration, 
all RM 65 input/output operations must be user-provided and 
can be tested using the AIM 65 Microcomputer as the host com- 
puter prior to being installed in the RM 65 environment. · : 


ORDERING INFORMATION 


Part No. 
A65-050 


Description 


AIM 65 FORTH ROMs 
A65-040 AIM 65 Math Package ROM 
RM65-0152 | RM 65 Run-Time FORTH ROM 


АМ 65 FORTH User's Manual” 
АМ 65 FORTH Reference Card": 2 


АМ 65 Math Package User's Manual? 
RM 65 Run-Time FORTH User's Manual? 


NOTES: | 
1. Included with A65-050. 
2. Included with A65-040. 
3. Included with RM65-0152. 
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А65-050 | | | 
DEVELOPING FORTH PROGRAMS 


FORTH is built on subroutine-like functions, called "words." | 


АМ 65 FORTH ROMs- 
FORTH WORDS | | 


These words are linked together to form a "dictionary," which - | 


STACK MANIPULATION 


Duplicate top of stack. 


is the central core of the language. Writing a program in DUP | i A 
FORTH consists of using several predefined words to define 2DUP Dupscate юр TWO Stack hems: 
each new word. Once the new word has been added to the 2. 51. top of stack E: 

Delete top two stack items. 
system dictionary, it becomes as much a part of the language SWAP Exchange top:two stack items. 
as any other word that has been previously defined. In this OVER - Copy second item to top. 
way new features and extensions can be added by simply ROT Rotate third item on top. 
defining one or more new words. Adding new features to - DUP Duplicate only if non-zero 
conventional languages like BASIC or Pascal requires the >R Move top item to return stack. 
language system to be completely reassembled or R> Retrieve item from return stack. 
recompiled. ; . а | В Copy top of return stack onto stack. 


PICK Copy the nth item to top. 


FORTH is a stack-oriented language, and is programmed in SP@ Return address of stack position | 
Reverse Polish Notation (RPM), the notation that is used in RP@ солите ш е ый 
Hewlett-Packard scientific calculators. Using a data stack is BOUNDS 52. 2. оеп 
ап extremely efficient way of passing variables back апа | 
| | о "auis .5 Print contents of stack. 
forth between operations. A data stack eliminates the need 
to tie up memory locations with variable tables, and allows. DEFINING WORDS 
you to use only as much memory as you need. | | ый 
| :<пате> _ Begin colon definition of <пате>. 


End colon definition. 

Create a variable <name> with initial 
value n; returns address when 
executed. 

Create a constant <пате> with value 
n; returns value when executed. | 

Begin definition of assembly-language 
primitive operation <name>. 

. Used to create a new defining word, 
with execution-time "code routine" for 
this data type in assembly. 


FORTH programs are developed using "top-down/bottom- 

up" techniques. That is, the programmer begins by defining 

the program in very general terms, then systematically breaks . 
these definitions down into more and more detailed sub- 

modules. When the lowest levels of sub-modules have been 

defined, he starts coding, in FORTH, at those levels, working 
Баск up toward the top of the program, in pyramid fashion. 

Each sub-module is a stand-alone component of the pro- CODE 
gram, and can be completely debugged without having the 
complete program in Ше system. This type of software 


VARIABLE <namd> 


CONSTANT <name> 


CODE <name>. 


.. DOES» 


«BUILDS . Used to create a new defining word, 
development is difficult, if not impossible, to do with MOSE. with execution-time: routine for this 
other high-level languages. pU ETE data type in higher-level FORTH. 

ща | USER Create à user variable. 

FLOATING POINT FUNCTIONS | 
AIM 65 FORTH contains both a single- (16-bit) and double- MEMORY | | 
(32-bit) precision integer arithmetic capability. In AIM 65 @ Fetch value addressed by top of stack. 
applications where floating point arithmetic is desired, the ! Store n1 at address n2. 
АМ 65 Math Package тау be used in conjunction with. the се Fetch one byte only. 

. FORTH ROMs. These floating point functions may be called С! Store one byte only. 
using FORTH words included in the math package ROM. и ЙА лаки оо a 
When this ROM is installed in socket Z24 on the AIM 65 ES в Е 
Microcomputer, the. floating point math words can be auto- CMOVE Move n3 bytes starting at address n1 to 


matically linked to the FORTH dictionary during FORTH 
initialization. The AIM 65 Math Package ROM can also be FILL 
installed in either an RM 65 SBC or PROM/ROM module. 


area starting at address 12. 
Put byte n3 into n2 bytes starting at 
address n1.. 


ERASE Fill n2 bytes in memory with zeroes, E 
beginning at address n1. in 
BLANKS ЕШ n2 bytes in memory with blanks, 
| beginning at address n1. 
MEMORY MAP ! | TOGGLE Mask memory with bit pattern. 
— | —— NUMERIC REPRESENTATION 
| | | | | DECIMAL Set decimal base. 

$D000-$DFFF | | Мат Package Program . || HEX Set hexadecimal base. 

$280-$2FF Terminal Input Buffer . DIGIT Convert ASCII to binary. 

$25C-$27F Math Package Variables о The number zero. 

$200-$257 FORTH User Variables | с, зң The number опе. 

$AB-$C4 Math Package Variables 2 The number two. 

$10-$AA FORTH Variables 3 The number three. 
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| A65-050 _ 


AIM 65 ЕОВТН ROMs 


ЕОВТН WORDS онго) 

ARITHMETIC AND LOGICAL 

+ Add. | 

D+ . Add double-precision numbers. 

- Subtract (n1 – па), 

. Multiply. Vas 

/ "Divide (n1/n2). 

MOD Modulo (i.e., тета! from division). 

/MOD Divide, giving remainder and quotient. 

/MOD Multiply, then divide (n1-n2/n3), with 

с double intermediate. 

4 * Like /МОБ; but give quotient only. 

U. Unsigned multiply Saving couple: 
product. 

U/ -Unsigned divide. | 

M* Signed multiplication leaving double 
“product. . 

M/ Signed remainder and quotient from 

‚ double dividend. 

M/MOD Unsigned divide leaving double quotient 
and remainder from double dividend 
and single divisor. | 

МАХ _ Maximum. 

MIN. - Minimum. 

+ ~ Set sign. | 

D+ ~ Set sign of double-precision number. © 

ABS Absolute value. | 

DABS Absolute value of gouni- procisjon 

К : number. : 

NEGATE . Change sign. 

ОМЕСАТЕ | Change sign of double-precision 
number. 

S- >р Sign extend to double-precision 
‘number. 

1+ Increment value on top of stack by 1. 

2+ Increment value on top of stack-by 2. 

1- Decrement value on top of stack by 1. 

2- Decrement value on top of stack by 2. 

· AND Logical AND (bitwise). 
OR Logical OR (bitwise). 
XOR Logical exclusive OR (bitwise). 
77 COMPARISON OPERATORS 

< True if n1 less than n2. 

> True if n1 greater than n2. 

= True if top two numbers are equal. 

0< ‘True if top number negative. 

0- True if top number Zero. 

у< True if u1 less than ua. 

NOT Same as 0-. 


MISCELLANEOUS AND SYSTEM. 


(<comment>) 


CFA 
NFA 
PFA 
LFA 
LIMIT 
QUIT 


Begin comment (terminate by right 
parentheses on same line). 

Alter PFA to CFA. 

Alter PFA to NFA. 

Alter NFA to PFA. 

Alter PFA to LFA. 

Top of memory. 

Clear return stack and return to 
terminal. — 
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| LITERAL. 
DLITERAL . 


TASK _ 


CONTROL STRUCTURES О 
DO...LOOP Set up Бов, given index range.  . 
DO... + ООР Like ОО... LOOP, but adds stack . 
| value to index. 
| Place current index value оп stack. 
LEAVE | Terminate loop at next LOOP or | 
^ +LOOP. 

BEGIN . . UNTIL Loop back to BEGIN until true at 

L | UNTIL, — ^ | 
BEGIN ... WHILE -Loop while true at WHILE, REPEAT 
| REPEAT loops unconditionally to BEGIN. 
BEGIN . ‚ AGAIN Unconditional loop. 
IF... THEN If top of stack true, execute following 


Е... ELSE .., THEN 


END 
ENDIF 


ӨРМЕ; 


EXECUTE 
[ 
| 


DICTIONARY CONTROL 


CREATE 
FORGET 


HERE 


ALLOT 


-FIND \ 
DP |. 


Ме 


С, e 


PAD 


|MMEDIATE 


INTERPRET 
LATEST 


ит. 
CUT 
LITERAL 
SMUDGE 
STATE 


clause THEN continue: otherwise 
| continue. at THEN. 


I top of stack true, execute ELSE 
clause THEN continue; otherwise 
г execute following clause, THEN 
continue. 


“Alias for UNTIL. 
. Alias for THEN. 


_ COMPILER-TEXT INTERPRETER 
` [COMPILE] 


Force compilation-of IMMEDIATE word. 


. Compile following <name> into 


dictionary. 


_ Compile a number into a iteral. 
. Compile a double-precision number into 


a literal. 
Execute the definition on top о! stack. 
Suspend compilation, enter execution. 
Resume compilation. 


Create a dictionary header. 
FORGET all definitions from <name> 
оп. | | 


г, Returns address of next unused byte in 


the dictionary. . 
Leave a gap of n bytes in the 
dictionary. 


СА dictionary marker. | 
Епа the address of <name> in the 


dictionary. 
Search dictionary for <name>. 


. User variable containing the dictionary 


“pointer. 
Store byte into dictionary. 


` Compile a number into the dictionary. 


Pointer to temporary buffer. 

Force execution when compiling. 

The Text Interpreter executes or 
compiles. 

Leave name field address (NFA) of top - 
word in CURRENT. . 


‚ Расе 16-bit literal on the stack. 


Place byte literal on the stack. 

Compile a 16-bit literal. 

Toggle name SMUDGE bit. 

User variable containing compilation 
state. 


FORTH WORDS (CONT'D) 


USER VARIABLES 


UABORT 
UB/BUF 
UB/SCR 
UC/L 
UEMIT 
.UFIRST 
UKEY - 
ULIMIT 


MONITOR & CASSETTE 


COLD 
MON 


SOURCE . 
FINIS 


INPUT-OUTPUT 


SPACES 
CLRLINE 


DUMP 
TYPE 


?ТЕНМІМДІ. 
КЕҮ 

ЕМІТ 
ЕХРЕСТ 


WORD 


OUTPUT FORMATTING 


_ NUMBER 


<# 


User variable for ABORT. 
User variable for B/BUF. 
User variable for B/SCR. 


User variable for C/L. 


User variable for EMIT. 


. User variable for FIRST. 


User variable for KEY. 


_ User variable for LIMIT. 


Vo 


AIM 65 FORTH cold start. 

Exit to AIM 65 Monitor. 

Switch; true = TTY; false = KB 
Chain tape file. 

Close tape file. 

Set to active input device (AID). 
Set to active output device (AOD). 
Input a character from the AID. 
Output a character to the AOD. 


‘Input па characters from AID to 


. address ni. 


| Output n2 characters to AOD at 


address n1. 
Compile from the AID. 


Terminate complete from SOURCE. 


Output CR to printer only. 

Carriage return. 

Type one space. 

Type n spaces. 

Output а CTRL В. | 

Print text string (terminated Бу "). | 


‘Dump па words starting at address. - 
Type string of n1 characters starting at 


address n2. 
True if terminal break request present. 
Read key, put ASCII value on stack. 
Output АЗС! value from stack. . 


. Read n1 characters from input to 


X address n2. 

Read one word from input stream, until 
delimiter. — 

User variable contained within TB; 

Set BAUD rate. 

Output a SPACE character. 

Number of characters/line. 

Pointer to terminal input buffer start . 
address. 

Input text from terminal. 

Print «name- from name # field 
address (nfa). 

Wait for keystroke. 


Convert string at address to double- 
precision number. | 
Start output string. 
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VOC-LINK 


“ДІМ 65 FORTH ROMs 


OUTPUT FORMATTING (CONT'D) 


* 


#5 


SIGN 
Xx 


HOLD 
HDL 
- TRAILING 


МЕ 
COUNT 


В 


D. 
D.R 


DPL 
VOCABULARIES 
CONTEXT . 
CURRENT 
FORTH. 
ASSEMBLER - 
DEFINITIONS 


VOCABULARY <name> 
VLIST 


VIRTUAL STORAGE 
LOAD 


BLOCK 
B/BUF 


B/SCR 
BLK 


SCR 


UPDATE 
FLUSH 


EMPTY-BUFFERS | 


FIRST . 
OFFSET 


-.> 
5 


Convert next digit of double-precision 6 
number and add character to Output 
string. 

Convert all significant digits of double: 
precision number to output string. 


г Insert sign of n into output string. 


Terminate output string (ready for 
ТҮРЕ, . . 

Insert ASCII character into output 
string. 

Hold pointer, user variable. 

Suppress trailing blanks. | 

Display line of text from mass storage. 


. Change length of byte string to type 


form. 

Print number on top of stack. 

Print number n1 right justified n2 
places. . 

Print double-precision number n2 n2. 

Print double-precision number n2 n1 
right justified n3 places. | 

Number of digits to the right of decimal 
г point. 


Returns address of pointer to 
CONTEXT vocabulary. 

Returns address of pointer to 
CURRENT vocabulary. 

Main FORTH vocabulary. 

Assembler vocabulary. 

Set CURRENT vocabulary to 
CONTEXT. | 

Create new vocabulary. 

Print names of all words in CONTEXT 
vocabulary. . 


.. . Most recently defined vocabulary. 


Load mass storage screen (compile or . 
execute)... 

Read mass storage block to memory | 
address. 

System constant giving mass storage. 
block size in bytes. | 

Number of. blocks/editing screen. 

System variable: containing current _ 
block number. 

System variable containing current 
screen number. | 

Mark last buffer. accessed as updated. | 

Write all updated buffers to mass 
‚ storage. ai | 

Егазе all buffers. 

Increment buffer address. 


..Fetch next memory buffer. 


User read write linkage. 
Variable containing address of next 
buffer. 


Variable containing address of latest 


buffer. 
Leaves address of first block buffer. 
User variable block offset to mass 
storage. 
Interpret next screen.. 
stop interpretation. 


А65-050 


FORTH WORDS (CONT'D) 


PRIMITIVES 7 

ОВВАМСН Run-time conditional branch. 

BRANCH Run-time unconditional branch. = 
ENCLOSE Text scanning primitive used by WORD. 
RO Location of Return Stack. | 

50 Location of Parameter Stack. 

RP! Initialize Return Stack. 

SP! Initialize Parameter Stack. 


NEXT The FORTH virtual machine. 


MATH PACKAGE FORTH WORDS (465-040) 


FLOATING POINT ARIT HMETIC UN | | 
Е+ | . Adds two floating point фитрегв. 


Е- | Subtracts one floating point number .. 

| | from another floating point number. 

F* '. Митрћез two floating point numbers. 
КВ е. ; ; Divides one floating point number by 


another floating point number. 


UTILITY, SIGN AND COMPARISONS 


FABS Takes the absolute value of a floating 
| EE point number. 
INT Truncates a floating point. number to an 
| integer. | 
SGN | Converts the sign of a floating point 


number to a floating point number. 


FSIGN . Gets a value corresponding to the sign 
of a floating point number.. 

FCOMP Compares the value of a compacted 
number in memory to a floating point 
number. | 

POLYNOMIAL 

POLY Evaluates a polynomial with 
consecutive exponents. 

POLYODD Evaluates a polynomial with odd 


exponents. 


EXPONENTIAL AND LOGARITHMIC 


SQR Takes the square root a a floating paint 
| number. 
> Raises one floating Saint number to the 
power of another floating point 
| number. | | 
ЕХР Raises the transcendental number e to 
- the power of a floating point number. 
LOG -Computes the logarithm to the base 10 
(i.e., common log) of a floating point 
number. 
LN Computes the logarithm to the base e 
| (ке. natural log) of a floating point 
number. 


"Requires АМ 65 FORTH or RM 65 FORTH be resident. 
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SECURITY 
ICSP 


?СОМР 
?CSP 
?ERROR 
?ЕХЕС 
?РАІН5 
25ТАСК 
ABORT 
ERROR 


MESSAGE 
WARNING 
FENCE 
WIDTH 


USER VARIABLE | 


MIN- WIDTH 


DEC-LENGTH 


AIM 65 FORTH ROMs 


Store stack position in check stack 
pointer. | 

Error if not compiling. 

Check stack position. 


„Output error message. 


Not executing error. 
Conditional not paired error. 
Stack out of bounds error. 


^. Error; operation terminates. 


Execute error notification and restart 
system. — 

Displays message. 

Pointer to message routine. 

Prevents forgetting below this point. 

Controls significant characters of 
<name>. 


. Specifies the minimum field width to be 


“output. 

Specifies the number of places to the 
fight of ће decimal point to be 
output. | 


ASCII/FLOATING POINT CONVERSIONS 


FIN 


FOUT 


Converts a number in memory from 
ASCII to floating point format. 

Converts a number from floating point 
to ASCII. 


FORMAT CONVERSION AND DATA MOVING 


F>S 


Unpacks the compacted number in 
memory to floating point. 

Packs the floating point number to 
compacted format and stores the 
result in memory. 

Unpacks the floating point riumber in 
memory. 

Converts an integer to floating point 
format. 

Converts an integer to floating point. 
format. 

Converts a number from floating point 
to an integer. 


TRIGONOMETRIC AND UNITS CONVERSION 


SIN 

COS 

TAN 
ARCTAN 
DEGREES 


RADIANS 


. Calculates the sine of a floating point 


number (in radians). 

Calculates the cosine of a floating point 
number (in radians). 

Calculates the tangent of a floating 
point number (in radians). 

Calculates the arc tangent of a floating 

- point number. 

Converts a floating point number from 
radians to degrees. 

Converts a floating point number from 
degrees to radians. 
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A65- 052 
AM 65 Microcomputer ш 


Аб5- 052 


Ам 65 FORTH TARGET COMPILER 


FORTH LANGUAGE 


FORTH is a unique programming language Well suited to a 
variety of applications. Originally developed for real-time control 
applications, FORTH has features that make it ideal for machine 
and process control, energy management, data acquisition, 
automatic testing, robotics and other input/output intensive 
applications where assembly language was previously consid- 
ered to be the only possible language choice. ! 


FORTH actually provides the best of two worlds. It has the 
d and branching constructs of high-level languages (DO 

. LOOP, BEGIN ... END, IF ... THEN and IF... ELSE 

. THEN) and the code efficiency of machine and assembly 
languages. FORTH allows programmers to specify. addresses, 
operands and data in hexadecimal, octal, binary or any other 
number base from two to 40—а distinct advantage over lan- 
guages like BASIC, where all information must be in decimal. 


FORTH TARGET COMPILER 


The FORTH Target Compiler generates object code from 
application programs written in FORTH. The object code is a 
compiled composite. of the user's application vocabulary. and 
those portions of the Target Compiler nucleus necessary to sup- 
port the application vocabulary. The disk-based FORTH Target 
Compiler operates on the AIM 65 Microcomputer in conjunction 
with.the АМ 65 FORTH Interpreter ROMs, the RM 65 Floppy 
Disk Controller (FDC) module and the АМ 65 DOS 1.0 firmware. 


The compiled object code, located at a user-specified origin with 
optional auto-start vectors, will'execute in any 6502 CPU-based 
microcomputer system supporting the runtime nucleus memory 
map requirements. Application programs can also be developed 


to run on АМ 65 or RM 65 SBC module-based systems with- 


supporting RM 65 memory and input/output modules, e.g., 


Analog Input/Output, IEEE-488 Interface, and Multi-function: 


Peripheral Interface Linkage to RM 65 Floppy Disk Controller, 

CRT Controller, and IEEE-488 module as well as the AIM 65 

Math Package, firmware can also be included for expanded 
application ак 


FEATURES 
e Fully compatible with FORTH programs developed with AIM 
_ 65 or AIM 65/40 FORTH Interpreter ROMs 
• Disk-based compiler operation with vocabulary overlays for 

—Text Editing 
. —Disk Interfacing 

—Serial Input/Output 

—Compiling 

—Special Utilities 
• Easy compiler operation 

—Load screen direction - 
. —Compile tracing (mapping) 
—Compiles to RAM and/or disk 
Includes 6502 Macro Assembler with ` 
— Forward references - 
— Symbolic labels 
— Relative branches 
e Efficient object code generation 
— ROMable object code | à 
— Standalone operation — 
—Minimum runtime nucleus 
—Optimized FORTH compiled vocabulary 
—AIM 65 autostart capability 
—User-specified origin: 
Flexible target computer installation 


— System independent (runs on any 6502 CPU- based system - 


with minimal runtime memory map requirements) 


ORDERING INFORMATION _ 


Description 


АМ 65 FORTH Target Compiler 
АМ 65 FORTH Interpreter ROMs"? 
AIM 65-090 АМ 65 DOS 1.0 ROM"? | 

АМ 65-040 АМ 65/40 Math Package КОМО). 


АМ 65 and АМ 65/40 FORTH Target 
Compiler User's Manual?! 

АМ 65 ҒОВТН User's Manual? 

АМ 65 Math Package User's Manual? 


AIM 65-052 
AIM 65-050 


Notes: 

(1) Required for FORTH Target Compiler operation. 
(2) Requires RM65-5101NE FDC module. 

(3) Included with A65-052. 

(4) Included with A65-050. 

(5) Included with A65-040. 

(6) Optional. 
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АМ 65 FORTH Target Compiler 


DEVELOPING FORTH PROGRAMS 


FORTH is built on subroutine-like functions, сайед "words." 
These words are linked together to form a "dictionary," which 


is the central core of the language. Writing a program in FORTH 


consists of using the dictionary words to define each new мога. · 


Once the new word has been defined it is added to the system 
dictionary and it becomes as much a part of the language as 
any other word that has been previously defined. In this way 
new features and extensions can be added by simpy defining 
one or more new words. 


FORTH is a stack-oriented language, and is programmed in 
Reverse Polish Notation (RPN), the notation that is used in 
Hewlett-Packard scientific: calculators. A data stack is an 


extremely efficient way of passing variables back and forth | 


between operations and eliminates the need to tie up memory 
locations with variable tables. ЖЕ 


FORTH programs are developed using "top-down/bottorn- -up" 
techniques. That is, the programmer begins by defining the pro- 
gram in very general terms, then systematically breaks these 


definitions down into more and more detailed submodules. When | 


the lowest levels of sub-modules have been defined, FORTH 
coding begins at those levels, working back up toward the top 
of the program, in pyramid fashion. Each sub-module is a stand- 
alone component of the program, and can be debugged without 
having the complete program in the system. The interactive 
nature of FORTH supports this time efficient development 
technique. 


In most time-critical applications, at least part of the program 
must be written in assembly languages. FORTH has a built-in 
6502 macro assembler, and allows assembly language coding 
at almost any point in your program, without separate assembly 
and load steps or special machine level linkage. FORTH pro- 
grams typically run up to ten times faster than other interpretive 
. languages, and can even approach the speed of machine lan- 
guage programs for some applications. | 


The application program is developed, debugged and integrated 
with the user interface using the ROM-based FORTH Inter- 
preter. After program validation, the application is compiled into 
stand-alone object code with only required portions of the Target 
Nucleus. The compiled byte count will generally be less than 
the separate application/interpreter byte count. | 


. - Required 
Peripherals 
Firmware 


RM65-7104E RM 65 Adapter/Buffer for AIM 65, or 
RM65-7116E RM 65 Cable Adapter/Buffer for АМ 65 
RM65-7004E RM 65 4-Slot Card Cage 


RM65-3132bE RM 65 32K Dynamic RAM Module 
RM65-5101NE RM 65 Floppy Disk Controller (FDC) Module (without ROM) 
A65-090 AIM 65 DOS 1.0 НОМ. 
A65-050 AIM 65 FORTH ROMs 
A65-040 AIM 65 Math Package ROM 


Note: 

X = Required in addition to host computer. 
1. Included in host computer. 

2. Remote to AIM 65 enclosure. 
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FORTH TARGET COMPILER OPERATION | 


The disk-based, two-pass, FORTH Target Compiler com- 
piles object code in one of two. modes: BIG. COMPILE: or 
QUICK. COMPILE. The QUICK:COMPILE mode compiles: the 
entire object code directly to RAM then saves the compiled code 
on disk. The BIG.COMPILE mode compiles to 1K-byte buffer 
areas п RAM. When the buffer is full, the buffer contents 
are transferred to disk then compilation continues. The 
BIG.COMPILE mode optimizes object code RAM requirements 
although it compiles slower than the QUICK.COMPILE mode. 


Operation of the compiler is ааа ђу опе ог тоге LOAD 
SCREENS. This technique provides the user with complete 
control of compiler variables, origin statements, cold start vec- 
tors and utility routines. The LOAD-SCREEN(s) then specify 
which user screens to compile and in what order. 


FLOATING POINT OPERATION 


The FORTH Target Compiler provides both single-precision 
(16-bit) ‘and double-precision (32-bit) single integer arithmetic 


| functions. If floating point arithmetic is desired, code words can 


easily be defined within the application program to link to external 
floating. point subroutines. The AIM 65 Math Package ROM, 
located at address $8000-$8FFF, can be installed in the appli- 
cation .System. Alternatively, user-defined floating . point func- 
tions may be linked to or even provided within the code 
definitions. 


SYSTEM REQUIREMENTS 

The AIM 65: FORTH Target Compiler operates in an AIM 65 
Microcomputer in conjunction with an RM 65 32K Dynamic RAM 
module and an RM 65 FDC module with an AIM 65 DOS 1.0 
ROM installed on the FDC module. The following table lists two 
configurations of AIM 65/40 and RM 65 hardware and firmware 
which may be' used. Other configurations can be easily com- 
posed depending on the: user's development and application 
requirements. 


Host Computer 


| A65-550 
AIM 65 Microcomputer 
System with 4K RAM 
and FORTH ROMs 


. A65-450 
AIM 65 Microcomputer 
with 4K RAM 
and FORTH ROMs 


Optional Optional 


A65-052- 
FORTH WORDS B (Continued) 


AM 65 FORTH Target Compiler 


STRING ORIENTED COMMANDS 


D Pinag the text, deletes it and Shows the line. 


EDITOR VOCABULARY OVERLAY 
| | F | Finds the text, 50050 the cursor at the end 
BUFFERS | | | | | | | of ine text ы апа shows. the line. | 
INSERT-BUF An 80-byte buffer beginning at PAD -- 80. | Inserts the contents of INSERT-BUF into line. 
FIND-BUF An 30-byts buffer beginning at PAD + 160. MATCH Searches the memory space beginning at- 
| ADDR2 for CNT2 for a match of the data 
LINE ORIENTED COMMANDS: | beginning at ADDR1 for CNT1. И no match is 
| found, sets f=1 and ADDR3-ADDR1 + 
T FIND-BUF. со ОШ INSERT-BUF ang СМТ1. If a match is found, sets f=0 and 
ADDR3=address of the next byte after the 
LINE On current screen, returns the RAM address - matching, string: 
of ha begi nning of the: те. (F) Locates the text in the buffer. 
M id misi аи n пере in DICK жас Returns the address of the character following . 
а А а а the cursor and then counts to the line end. 
WEW FERAE єч шд, Mae е d | #LEAD Returns the address of the character 
as ee урес приче | preceding the cursor and the count to the 
terminated by a null line entry (CR CR). Иди : 
" qubd beginning of the line. 
Clears remaining lines on the current screen. 
M 
P Copies text into the INSERT-BUF and the SCREEN COMMANDS 
current line until the delimiter (CR) is B Moves to last block. 
encountered. 
| | L Lists current screen. 
TILL Beginning at the current cursor address, mus 
deletes text unTILL the end of the matching N Moves to next block. 
text string is encountered. The text is held in 
FIND-BUF. TOP Moves cursor to the top line of the text. 
T Moves cursor to beginning of lines in Current УМРЕ Clears the entire screen. 
Screen. Shows the line. pU 2% | ~“ 
I | Ө MISCELLANEOUS COMMANDS 
Е Сорюз tox: into Ine INSERT BUF ера ћете BUF-MOVE Move non-null contents of PAD to ADDR. 
on ane current screen under the cursor. 
Ж Е | Erases the string in front of the cursor fora. . 
X Copies the current line into INSERT- BUF. ; dede ў 
Then deletes the line and scrolls the screen | aaa ы поселение | 
РРА ОТО а R Replaces string identified by FIND-BUFF with 
>LINE# Returns the current cursor line #. ај | | 
5 Beginning at current screen and continuing 
(DELETE) и пена ding characters желе through screen #п, searches for а string 
UPDATE. match to TEXT and displays matches. 
(HOLD) Copies the reférenced line number into СИЗОВ TOMMANOS 
INSERT-BUF and UPDATE. R# Returns the cursor position (n). 
(KILL) Blanks line# and UPDATE. #LOCATE Returns byte position of cursor and line 
number. | 
(PUT) Replaces the current line with contents of | | | 
INSERT-BUF. >> Adds n to cursor position and displays line. . 
? Prints the current line with the cursor at TEXT ° Takes text from input stream until DLIMiter 
current cursor position and the line number at character is encountered (65 characters 
the end of the line. maximum). Moves text to PAD and fills to 65: 
pm rd | characters with blanks ($20). 
1LINE Searches the current line after cursor position | 
for a match to contents of FIND-BUF. |. USE Displays CHAR as the cursor. 
Repositions cursor to it if a match is found and | | | 
sets f=1. If no match is found, sets f=0 and WHERE Displays where an error in LOADing occurred. 


positions the cursor to the next line. 


Also- shows context and current. · 


А65-052 


АМ 65 FORTH Target Compiler 


FORTH WORDS 


GENERAL PURPOSE VOCABULARY 


The following FORTH words are provided in addition to those 
provided in the A65-050 FORTH Interpreter ROMs (refer to Data 


Sheet Order No. D87). 


ABORT" 


ASCII 


COMBINE 


COMPILING 
DISKING 
EDITOR 


EXTERNAL 


FALSE 
H. 

НІ. 
IFEND 


IFTRUE 


INTERNAL 


TRUE 
U. 


UNRAVEL 


Prints TEXT if a run-time error occurs. 
During compile time, places a CLIT and the 
literal value of CHAR in the dictionary. In 
immediate mode, returns the ASCII value on 
the stack. | 


Combines low pyte 9l | and high byte of h to 
form n. 7 


Activates the Compiler — Overlay. 
Activates the Disk Vocabulary Overlay. 
Activates the Editor Overlay. 


Execution only. NFA of next word to be 
defined. 


· Returns a false flag. 


Prints n as an unsigned hexadecimal value. 
Returns the high byte of n. 
Marks a place. 


Compiles the following input if f=1, otherwise 
skips. 


Returns the NFA of the latest word defined. 
Returns the low byte of n. 
Creates word NAME that loads screen no. п. 


Execution only. Places BEAJ into LFA of 
NFA2. 


Stores а 0 іп ADDR. 
Stores a 1 т ADDR. 


Rotates the nth number to the top of the 
stack. 


п= RAM space left. 


Places value n in variable or constant NAME. 


Returns low and high byte of n. 


Performs sequential LOAD's beginning at 


. Screen no. n and continuing through screen 
no. n. | 


Returns a true flag. 
Outputs n as a double-precision number. 


Back traces the return stack. 
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Y/N? 


2DEF 
?RANGE 


?URANGE 


‘Asks the question YES? or NO?, depending 


on f, = 1 or 0. Returns f; as true or false | 
depending on input match to fi.. | й 


Rotates double-precision numbers 4), do, д. 


Returns а; =@ * d;. 


| Double-precision OVER. 


` Double-precision SWAP. 


Execution only. Creates a constant NAME with 
value п. 


Compares strings at ADDR!1 and ADDR2 (ог n 
bytes. Returns f=1 if same. 


IF NAME is defined, returns f=1. 
Returns f=1 if n2«n1«n3 for signed numbers. 


Returns f=1 if u2<u1<u3 for unsigned 
numbers, 


DISK VOCABULARY OVERLAY 


BACKUP 


BLOCKS 


COPY 


DOWN 


MASSACRE 


SCREENS 
SLATE 
SWEEP 
UP 


VERIFY 


VOLUME 


?NRONG 


Copies all of drive O to drive 1. 


Copies block 61 through b1--n to block b2 
through b2+n. 


. Copies block b1 to block b2. 


Beginning at block b and continuing for n 
blocks, copies from drive 1 to drive O. 


Clears n blocks beginning at block b, DRO. 


Copies screens S1 through S1 +п to screens 
S2 through S24 n. 


WRITES blanks ($20) to block b relative to 
DRIVE 0. 


HEADS blocks b through Б+п searching for 
disk errors. 


Beginning at block b, copies n blocks from 
drive O to drive 1. 


Compares blocks beginning at b1 to those 
beginning at 52 for n blocks and displays 
errors. 


Returns the block number of the block 0 of 
drive 2 relative to drive O. 


If b1 = 22, then sets f=1, else sets f=0. 
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РОРТН WORDS (Continued) | 


| TARGET COMPILER VOCABULARY 


OVERLAY 


LISTS 
. SYMBOLS 
LOCALS . 


MAGICS 


Defines names іп the object code. - 
Defines words at compile time only. ” 


Immediate words. . 


SWITCHES & FLAG WORDS (directives active during compile) 


ON 
OFF 


MAPPING 


GAG 


AUTO.FORWARD 


NUMERIC 


ROMABLE 


/. CONTROL WORDS 


FORWARD 


" WIDE 
SET 


WINDOW.LO 
` WINDOW. HI 


DESTINATION 


RAM.LO 
_ВАМН f 


USER.SIZE. 


ORIGIN 


 FAST.COMPILE 


_ BIG.COMPILE.- 


CLEAR.TARGET | 


Changes switch state to ON. 
Changes switch state to OFF. 


Prints or displays the name and CFA of each 
WORD when created. 


Suppresses most non-fatal error messages. 


Automatic forward reference for undefined 
words. 


Values must be preceded Бу-а valid decimal 
character to be a valid number. : 


Generates read-only code. 


Forces forward reference of the name. 


Immediately following. 


Name field length (headerless code). 


Changes the value of FORTH. user constants. 


Defines the Target address space boundaries. 


Defines the target buffer block number. 


Identifies nucleus RAM boundaries. Extends 


| from RAM.LO for Кони SIZE bytes. 


Number of bytes rested beginning at 
RAM.LO. RAM between RAM.LO + _ 
USER.SIZE and RAM. Hli is used for work 
buffers edd Sun when ROMABLE E flag is 
set. NE 


"e UN 5 target dictionary. 


p. Target Space will be RAM only, based on 
| WINDOW LO and WINDOW. HI. 


disk. 


Fills the target area with zeros. 4 


AIM 65 FORTH Target Compiler 


READY | Initializes internal variables to their default 
value. 
START Begins the compilation. Everything following | 


this command will be interpreted or compiled 
in the simulated target machine: environment. 


DEFINING WORDS | | 

= = ` Generates an equate type statement. 

LABEL | For use in assembly language to provide 
flexibility and allow code sharing. 

VARIABLE If ROMABLE is true, VARIABLE becomes a 
USER variable, otherwise variable is identical 
to ROM-based FORTH. 

BYTES | _ Sets aside bytes іп RAM area (like ALLOT). 

RAM Equivalent to ROM command HERE. Returns 
current RAM address. е 

. ВСС, BCS, ВМЕ, Relative branch opcodes for ИМЕ 
` BEQ, BPL, BMI, operation. 

BVC, BVS, 

` МАСС WORDS | 

DLITERAL . Compiles a double number in line. 

ASCII М Compiles CLIT of foilowing ASCII character. _. 

DOES> | Immediate word to separate «BUILDS E 

| DOES> into TARGET: NUCLEUS and Due 
Compiler. | | 

CODE —— Identical to CODE but also зав à pointer for 
LOCATE. 

LOCATE =- anon the. Sorel where the execution time 

| | CODE is located. 

REVEAL С Similar to. SMUDGE. 

HIDE ^^ _ Sets the SMUDGE bit on the last target word. | 
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PASCAL LANGUAGE ; 
Разса! is a powerful high-level computer programming lan- 
guage originally designed for educational purposes. Developed 


by Niklaus Wirth of the ETH Technical Institute of Zurich in 1971, | 


Pascal has gained acceptance worldwide as the standard lan- 
guage to teach computer programming. The rich variety of 
Pascal language features allows a wide range of data structures 
to be specified and complex algorithms to be implemented. Pro- 
gramming in Разса! using structured programming techniques 
produces programs that are easy to write, understand and main- 


tain. The widespread teaching of the language coupled with the - 
increased productivity of the programmer and the improved | 
reliability of compiler generated code is causing Pascal to be . 


increasingly adopted in industrial and scientific applications as 
well as іп the classroom. . | и | 


PRODUCT OVERVIEW 


AIM 65 Instant Pascal™ is a unique implementation of the . 


Pascal language which combines the immediacy of ROM-based 
software, interactive source code entry and debug facilities, on- 
board AIM 65 printer and display peripherals and low-cost 
expansion memory, to provide a complete Pascal education, 
. development and application system. The language is a major 
subset of Standard Pascal (defined by К. Jensen and М. Wirth 
in their book, “Pascal User Manual and Report") incorporating 


` all of the simple and structured statements, and the most widely | 


_ used simple and structured data types. Extensions to the lan- 
guage permit direct control in Pascal of the AIM 65 Microcom- 

puter memory-mapped ИО and allow interfacing to machine- 

language programs developed with the AIM 65 Assembler. 


Instant Pascal incorporates facilities to write and debug pro- 
grams entirely at the source language level. These facilities 
include source-level editor, breakpoint, and trace—plus imme- 
diate source statement execution for examination and modifi- 
cation of data. Source statements are translated immediately 
upon entry into an intermediate language which is interpretively 
executed. | 


The 20K-byte AIM 65 Instant Pascal software comes in a five- 
ROM set. One ROM plugs into AIM 65 Master Module socket 
Z24 while the other four ROMs plug into an RM 65 16K-byte 
PROM/ROM (RM65-3216E) module. 


TM Instant Pascal is a trademark of Melvin E. Conway. 
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AIM 65 INSTANT PASCAL ROMS 


FEATURES 


AIM 65 Microcomputer host and target 
Substantial subset of Standard Pascal (Jensen and Wirth) 
ROM resident for immediate operation E 
Direct control of memory mapped I/O ` 
Machine language interface linkage 
Source code editor 
— Position text pointer | 
— Find character string 
. — List, delete, insert statement 
— View statement _ 
e Flexible program control — Р | 
— Check syntax for coding errors without executing program 
— Execute one statement to allow examination and | 
modification of data 
— Execute entire program 
e Source level debugging facilities 
— Breakpoint | 
—Assignment trace lists values as they are changed 
— Statement trace lists statements as they are executed 
e Device Source /О 
— Input source code from specified device 
— Output source code to specified device 


MEMORY MAP 


ТІЛІ 


$B000-$BFFF Pascal Program 

$4000-$7FFF Pascal Program 

$FC3-$FFF. Translator input area (default value) 
$ED2-$FC2 Translator output area (default value) 
$300 up Execution stack (default value) 
$FC-$FF Pascal Variables 

$06-$B4 Pascal Variables . 


ORDERING INFORMATION 


мее | амаз нат Рака вом {| 


Note: 
*Included with A65-060. 


Document No. 29001D07 


Data Sheet Order No. D107 
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NSTANT PASCAL EXTENSIONS. TO STANDARD PASCAL 


-Variables, both simple and structured, тау be given absolute memory addresses. This permit Pascal programming Pa memory: 
‘mapped /О and linkage to machine- -language subroutines. | 
-The OTHERWISE: default clause is implemenieg in the CASE statement. Identifiers may y have алу length; the entire dentin is 
| significant. 

-Data of type STRING may have base which vary dynamically up to the declared: maximum length. The type 5: STRINGIC] is 
implemented as S:ARRAY(0. . C] OF CHAR, where S[0] is the value of the dynamic length. (C is a constant less than 256. ) 

-Тһе predefined procedure BREAK causes interruption of program execution, if itis enabled. _ : 

—The predefined procedure SUBR(ENTRANCE) calls the machine-language subroutine whose entrance address is the declared 
address of the absolute variable ENTRANCE. The variant SUBR(ENTRANCE, DATA) ез the address of the Pascal variable DATA 
in page 0 before giving control to the subroutine. — 

—The predefined functions FUNC(ENTRANCE) and FUNCIENTRANCE, DATA) are the same as SUBR; in addition they return a CHAR- 
type value which the subroutine leaves in A. 


STANDARD PASCAL FEATURES NOT IMPLEMENTED IN INSTANT PASCAL 


Files and their associated predefined procedures and variables (GET, PUT, RESET, REWRITE, EOLN, EOF) are not implemented. 
The predefined procedures READ, READLN, WRITE, WRITELN are implemented to interface with all character-serial devices avail- 
able to the AIM 65 Monitor, including user-defined devices. The following types may be read and written: char, integer, real, Boolean 
(Y or N on input), variable-length string. 
—Set expressions are not implemented. One-byte sets (with up to eight elements) and the relational operator IN are implemented; these 
permit Pascal-level testing of I/O device status. 
Records are implemented, but record variants are not. 

| Dynamic storage allocation and the pointer type are not implemented. 

—The directive FORWARD is not implemented. 

—The constant definition identifier identifier; is not етае | 

—Ambiguity between field and variable names at ће same block level is not supported. Other Pascal visibility rules are fully supported. | 


— Packing of data is not done below the byte level. The word-symbol PACKED is accepted but ignored, and the жалыны иеде: "E 


PACK and. UNPACK are not implemented. 
—Procedural and functional parameters to procedures and А аге по! t implemented. 
--СОТО may not jump outside its own block. | 
— Тре 60-character input line of the АМ 65 limits the length of certain constructs, in particular simple statements, procedure/function | 
_ headings, and enumerated type lists, which may not be extended during input from one line to the next. Fu | 
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OPERATION OF INSTANT PASCAL 


_ All operations in the Instant Pascal system are controlled by 


© а зе of single-letter- commands. The system generally per- 
forms one of the following six major operations. 


1. Source input from keyboard or input device. 
2. Source output to printer or output device. 


3. Program editing: positioning the text unit pointer or deleting | 


text units. ` 
4. Syntax checking a program. This operation is called 


automatically at the first call to execute. a program after 


апу change. It may also be called explicitly, 
5. Executing a program. 
6. Executing a single statement entered by the user. 


· All commands are preceded by the Instant Pascal prompt 
“+<.” The numeric parameter п in some of the commands 
has either a decimal value or one of the following two default 
values: ' $ ” «forever; CR- 1. | 


АМ 65 Instant Pascal ROMs 


MEMORY EXPANSION 
CONSIDERATIONS | 


About 1.5 bytes per character of Source code is required tQ 
store an application program written in Pascal in memory dug 
to the translation process. For. minimum applications requiring 
less than 3.2K bytes of on-board user RAM, the PROM/RO 

module can be connected to the АМ 65 Expansion. Con 


nector using an RM 65 Single Card Adapter.. For large 


applications, connection of an RM 65 multi-slot card cage 


. . through an RM 65 Adapter/Buffer module is recommended 


One or more RM 65 RAM modules can then be added as 
required. Up to 15.2K bytes of contiguous RAM. can be ded 
icated to the application program. 


INSTANT PASCAL OPERATION COMMANDS 
Text Unit Pointer Movement 


us <T> Position to top text unit. 
+<В> | Position to bottom text unit. 
+<U>/n Position up n text units. | 
с 4«б>ыт. Position down n text units. | 
_ +<Е> та Find the line containing the argument sting 


Source Text Editing | 


Delete n text units. 


+<K>/n 

<і> Insert one line of source. 
+< >врасе List current text unit. 
+<V> 


жо) Device Source О ' 


_+<R>IN=device 
© +<L>/nOUT=device 


_ View a neighborhood of five text units Ва at i the current one. . 


Read lines of —- until empty line. 
List n text units to the specified device. 


Toggles B uu 
+<8> 0 Toggle statement trace. 
+<А> Toggle assignment trace. 
+<Е> 


Program Control 


Toggle enabling of the BREAK procedure. 


Check program syntax. 

Execute program. Starts at beginning of program unless a break is in progress. Break-in- progress s status 
may be cancelled with the C command or by changing the program. 

Execute and trace until the start of the next statement and return with break-in-progress status set. 
Immediately execute the statement. Identifier visibility is defined by the ponto of the text unit pointer in 


| Redefine page width. The default value of 20 may be changed if a terminal is attached to the АМ 65. 


+<C> 
+<G>. 

о +<,> 

оо +<X>statement 
| г Ше ргодгат. 

Miscellaneous 
+<W> 
+<N> Initialize to empty program. 
+<M> Report number of free memory bytes. - 
TZ Cold start. | 
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DISK OPERATING SYSTEM 


. A disk operating system (DOS) provides a standard interface 
. between the user and one or more floppy disk drives, floppy disk 
control (FDC) hardware and executive-level software. The DOS, 
implemented in software, allows program and data files to be 
opened, closed, read and written under operator or program 
control. In an interactive environment, commands are usually 
initiated by the operator from the keyboard in response to user- 
friendly prompts displayed by the system. 


PRODUCT OVERVIEW 


_ The АМ 65 Disk Operating System Version 1.0 (DOS 1.0) pro- 
vides disk and file managernent functions for the AIM 65 Micro- 
computer in conjunction. with an RM 65 Floppy Disk Controller 
(FDC) module. With this configuration, mass storage files can 
be easily manipulated when connected to one to four 5%” or 8" 
floppy disk drives. DOS 1.0 functions, contained on a 4K-byte 
ROM that plugs into the FDC module, are available immediately 
upon computer power turn-on without waiting for separate loading 
of a disk-based DOS into RAM. | 


DOS 1.0 functions are operator commandable through inter- 
active AIM 65 Debug Monitor/Text Editor operation as well as 
language (assembler, compiler and/or interpreter) operation. 


Text and program source code may be written to, and read from, . 


disk with the Editor List and Read commands, respectively. 
Binary data and program object code may be written to, and 


loaded from, disk using the Debug Monitor Dump and Load - 
commands, respectively. Files containing source and object 


code for application programs written in АМ 65 Assembler, 


BASIC, FORTH, PL/65 and Instant Pascal languages are there- | 


fore supported. In addition, utility functions format а disk, list the 
contents of the disk directory, delete a file, recover a file and 
backup a disk upon command. The DOS functions may also be 
called under program control by the application. program. into 
order to read and write data files. | 


Disk read or write errors, both at the DOS and FDC Rad us | 
level, are reported upon detection. User-alterable variables allow 


changing of default values to application unique values. 


Disks formatted by AIM 65 DOS 1.0 are compatible with AIM 
65/40 DOS 1.0 and AIM 65/40 BDOS 1.0. Files written by any 
of these DOS programs may therefore be read by either 
microcomputer. | 


ЕТ. 65 DISK OPERATING. T ры 
VERSION 1.0 (DOS 1.0) ROM ` ^ 


A65- 090 
АМ 65 aniio Family 


А65- 090. 


ҒЕАТОНЕ5 


АМ 65 Microcomputer compatible 

ROM resident for immediate operation 

installs on-board RM 65 Floppy Disk Controller (FDC) module 
Provides mass storage of programs and data 


Compatible with AIM 65 high level language and в. 
ROMs 


Disk oriented commands (format, list, backup) . 
e File oriented commands (list, delete, recover) 
e Input/Output commands 
— Read and write text and object code 
—Automatic file open and close 
e User-alterable variablés 


— Utility function and error handling vectors (before and after 
DOS functions) | 


— input/output vectors 
—l/O buffer vectors · | 
e Extensive error detection and reporting 


MEMORY MAP 


лана (ie 


$8F00-$8FFF 
$8000-$8EFF 


RM 65 FDC Module ИО 

DOS 1.0 Program 

DOS 1.0 ИО Buffer (default location) 
‚ $500-$563 00$.1.0 Variables 

$4А0-$АРА | DOS 1.0 Variables 

507-50Е | 0081.0 Variables. 


$600-$7FF - 


_ ORDERING INFORMATION 


"Description 


„ 'A65-090 [7 AIM65 DOS 1.0 ROM 


RM 65 FDC Module (without ROM - 


 RM65-5101NE | fF 
RR E | ч containing, primitive subroutines) 


Order №. | 


= "Description | 
| > RM 65 FDC Module Users Manual” 


Notes: 


1. Describes user's instructions for AIM 65 DOS 1.0. аа 

МП Аб5-090 апа RM65-5101NE. | | 

2. Тће 005: 1.0 ВОМ includes primitive subroutines in addition 
to DOS functions. | 


Document Мо. 29001015 


Data Sheet Order No. D115 
March 1983 


en 


Rockwell | 


| А65-901 
AIM 65 Microcomputer Family 


A65-901 


АМ 65 РВОМ PROGRAMMER / AND 
© CO-ED MODULE | 


PRODUCT OVERVIEW 


- The A65- 901 PROM Prograrnmer а and СО- ED Module | is one 5 of 
the hardware options available for the AIM 65 Microcomputer 
family. 


-Fhe A65-901 PROM Programmer and CO- ED Module r programe 

— 1К-, 2K-, and 4K-byte PROMs that can be installed in the AIM 

-` 65 microcomputer or in а RM 65 16K PROM/ROM Module. The 

PROM. Programmer provides ene. Program, very and read 
functions. | 


The utility of the Module i 5 enhanced Егон the included Object - 


Code Editor (CO-ED). CO-ED allows you.to edit object code in 
« much the same way as you can edit source code for the AIM 


| 65 Assembler, using AIM 65's Text Editor. With CO- ED, patches E 


can be ‘made directly in your program without having to go 
through the time-consuming process. ef re- assembling. 


© The A65- 901 PROM Programmer and со. ED Module also sup- 


ports data load, verify and dump with offset functions. And the 
Module plugs directly into the AIM 65 Expansion Connector. 


FEATURES 


. Plugs directly onto the АМ 65 Extensión Обаа. 
• Programs the following 5 volt РАОМ5. (ог ОМА 
‚ — Intel 2758, 2716 and. 2732 - | 

— TI TMS 2508, 2516 апа 2532 | 


• Provides programming functions to check, program, , verify к 


and read-PROM · 


* Includes utility functions to load, verify, dump, fill a and invert | 
memory 

е Incorporates object code editor (CO- ED) functions to control 
program pointers; search for operands, jumps/branches and 

· strings; and to meaty instructions with automatic address | 
adjustment . . | | | 


e 1K bytes of Static RAM are B included to allow. дер рго- 


gramming of а 4K-byte PROM when used with a ГАК НАМ 
version of АМ 65 


е Zero insertion force (ZIF) Socket for PROM being: stograimmed 
е On-board DC/DC Converter allows +5V-only operation | 
• Риу assembled, tested and warranted 


A65-901 PROM Programmer and CO-ED Module 


Document No. RMA65N17 


Data Sheet Order No. RM17 
Rev. 1, August 1983 


A65-901 0 С АМ 65 PROM Programmer and CO-ED Module 


FUNCTIONAL DESCRIPTION ^ . During PROM read operations, the PIA sets the address lines 
to the PROM. The tri-state Data Buffer drives the PROM data 

The R6520 Peripheral Interface Adapter (PIA) is the primary onto the AIM 65 Expansion Connector data lines. The Data Latch 

interface device between the AIM 65 Expansion Connector and is disabled at this time. i | 

the 24-pin Zero Insertion Force PROM socket and control | 

circuits. During PROM programming, PROM address, PROM The Power Switches drive +5V or +26V onto three PROM 

data and programming control signals are transmitted to the PIA socket programming lines depending on the PROM type 

on the AIM 65 Expansion Connector data lines. During PROM selected. | 

check, verify and read operations, only PROM address and 

control signals are issued to the PIA from the AIM 65. The 4K R2332 ROM contains the PROM Programmer and 


CO-ED firmware. 
Four PIA МО Lines carry the most significant address signals 


to the PROM. Eight other PIA МО lines multiplex the PROM data 1K bytes of on-board RAM are provided for use by the PROM 
. and least significant address signals. One output line controls Programmer and CO-ED software. The RAM is mapped from 

the Tri-State Data Latch. Five other PIA ИО Lines control the $1000-$13FF to provide contiguous ederessing from the top of 

Power Switches. а 4K RAM АМ 65. 

During PROM programming, PROM data is transferred to the The Address Decode circuitry generates individual chip select 

tri-state Data Latch, which drives the latched data to the PROM. signals to the RAM, ROM, PIA and the Data Buffer. 

The PROM address is then sent to the PROM on the eight 

multiplexed data/address lines and the four dedicated address The PROM Programmer and CO-ED Module may be powered 

lines. The Power Switches are then turned on to apply the proper from the АМ 65 or from an external + 5V power supply. A.DC/DC 

voltage levels for the required time duration to transfer the 8-bits Voltage Converter generates + 30V from +5V. The + ЗОМ is 

of data into one PROM location. The process is repeated until regulated іо + 26V for on-board use. The +30V may be 

the specified PROM address range is fully programmed. The connected to an external power supply to minimize current drain 

tri-state Data Buffer is disabled during programming. | on the +5V supply. 


CONNECT TO А!М-65 
EXPANSION CONNECTOR 


1 4 
ак 
ADDRESS 
R2332 
DECODE ROM 
1 
DATA 8 
(TRI-STATE) 


| CLOCK AND 


DATA 


ШІН ЕН рата 
| RI-STAT 
ЖЕКЕН КҮ (TRISTATE) 
ра рт 
1 POWER ща 


SWITCHES 


*5V TO +30V 
DC/DC 
CONVERTER 


VOLTAGE 
REGULATOR 


A65-901 PROM Programmer and CO-ED Module Block Diagram 
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' Mnemonic. 


Top (Component Side) | | 


Signal x | Б 
Signal Мате 


*Sync, 
*Ready 

| ЖРћазе 1 Clock 
*Interrupt Request © 
*Set Overflow 
*Non-Maskable Interrupt 
Réset | | 
Data Bit 7 
Data Bit 6 

„Пата Bit 5 
Data Bit 4 
Data Bit 3 

· Data Bit 2. 
Data Bit 1 
Data Bit 0 
*-12 Vdc 

.**12Vdc: 
Chip Select 8 
Chip Select 9 | 
*Chip Select А 


AIM 65 PROM Programmer and C 


AIM 65 Expansion Connector Pin Assignments . 


3 . Bottom (Solder Side) 


Signal. 
Mnemonic 


Input/ es 
Output — 


OWN одл һом = 


| Input/ | 
Signal Name Output 
d LM 

Address Bit O 

| Address Bit 1 
Address Bit 2 
Address Bit 3 
"Address Bit 4- 
Address Bit 5 
Address Bit 6 
Address Bit 7 
Address Bit 8 
Address Bit9 . 
Address Bit 10 

Address Bit 11 
Address Bit 12 
Address. Bit 13 
Address Ви 14 
Address Bit 15 | 
System Phase 2 Clock 
System Read/Write 
Read/Write “Not” ` 

Test "D 
Phase 2 Clock Мо” 


O-ED Module 


2 +5 Мас. 
г Ground ` 


ы<х><с-ааологигГгхс- стпооор 


ВАМ Read/Write. 


. Function | 


ENTER PROM PROGRAMMER 
RE-ENTER PROM PROGRAMMER 
ESCAPE TO MONITOR | | 


-"PROM ВАЗЕ ADDRESS 
RAM BASE ADDRESS . 


CHECK PROM 
PROGRAM PROM 
VERIFY PROM 
READ PROM 


LOAD MEMORY 
VERIFY MEMORY 
DUMP MEMORY 
.FILL MEMORY 
INVERT MEMORY 


TOGGLE RECORDER CONTROL LINE 1 ON/OFF. 
TOGGLE RECORDER CONTROL LINE 2 ON/OFF 


"MEMORY 


ENTRY/EXIT ENTER CO-ED 
EXIT CO-ED 


ESCAPE TO MONITOR 


LOCATE PROGRAM 
MOVE TO TOP OF PROGRAM 
MOVE TO BOTTOM OF PROGRAM 
MOVE UP ONE INSTRUCTION 
MOVE DOWN ONE INSTRUCTION 
GO TO ADDRESS 

EXCHANGE POINTERS 


FIND AN OPERAND 
FIND JUMPS AND BRANCHES 
FIND A STRING - 


INSERT AN INSTRUCTION | 
STRIKEOUT AN.INSTRUCTION 
ADJUST INSTRUCTION BLOCK 
CHANGE INSTRUCTION 

MOVE INSTRUCTION/DATA BLOCK 
RELOCATE 

FILL MEMORY : 

DISASSEMBLE MEMORY 


POINTER CONTROL 


SEARCH 


PROGRAM MODIFICATION 


UTILITY: 


165-901 === AIM 65 PROM Programmer and CO-ED Module 


SPECIFICATIONS 


Parameter. | 


Dimensions 
Width B | | _ 4.4 in. (111 mm) 
Length | 6.3 in. (160 mm) 
Height  . 0.75 in. (19 mm) 


Environment | жи 
Operating Temperature | 0°C to 7090 · 
Storage Temperature ` | | -409С 10 85°С 
Relative Humidity SER | 0% to 85% (without condensation) 


Power Requirements | | | | 
With DC/DC Converter - | - 45M +5%, 1.1.А (5.5 W). — Maximum 
Ly : 45V +5%, 0.75 А (3.75 W)— Maximum 
Without DC/DC Converter + 30V +5%, 0.04A (1.2 W) — Maximum 


Mernory Map | | 
User ВАМ MEM | . $1000 — $13FF 
ИО - | MEE $8800 — $8FFF 
ROM | $9000 — $9FFF 
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| PRODUCT O OVERVIEW 


The A65- 905 Memory Cartridge is one of the hardware options 
available for the AIM 65 Microcomputer family. 


Many applications of АМ 65 microcomputers, particularly in test 
. equipment, instrumentation, monitors, analyzers or controllers, 
require that the resident application software or fixed parametric 
data be changed periodically. This may occur because the item 
under test or being controlled has been changed, or parameter 
values have been revised. For OEM installations, the change 
may be ја to customize the RE for different customers. 


The AIM 65 Memory Cartridge syste is an economical and 


convenient method for expanding the memory of an АМ 65 


 microcomputer. The cartridges are designed for use with the 


Rockwell packaged 500 Series of desktop microcomputers, but . 


may also be used with any AIM 65 board-level microcomputer. 
A Buffer Module connects to the AIM 65 Master Module, buffers 
the expansion bus signals, and provides a covered host recep- 
tacle for a Memory Cartridge. In addition to expanded RAM and 
provisions for user application PROM firmware, a variety of pre- 
configured AIM 65 high level languages, assembler and math 
package routines are available in plug-in Memory Cartridge 
form, These language cartridges permit the user to program 
different applications in different languages. Unpopulated RAM 
and PROM/ROM cartridges are also available for complete user 


^. flexibility. 


The Buffer Module fits under the AIM 65 Master Module and 
fastens securely to the Rockwell AIM 65 Enclosure. Rugged 
injection molded plastic covers for both the Buffer Module and 
the Memory Cartridge complement the AIM 65 Enclosure in 
color, texture and sturdiness. A Memory Cartridge plugs verti- 
cally into the Buffer Module immediately behind the microcom- 
puter enclosure to require a minimum of area in desktop 
applications. A recessed label area on the Memory Cartridge 
cover allows configuration information to be neatly added in an 
area visible to the operator. Address decoding required by the 
different cartridges is accomplished automatically without user 
intervention. 


А 16K Battery Backed CMOS RAM Cartridge retains program 
and data in memory when the AIM 65 Microcomputer power is 
turned off. Critical information can thus be preserved during AC 
power transients or outages and during normal turn-off cycles. 


Document Мо. 29000098 _ 


_ A65-90 
· AIM 65 Microcomputer Famil 


_ А65-905 | Е 
AIM 65 MEMORY CARTRIDGE 


FEATURES | 


• Preconfigured Memory Cartridges 

—AIM 65 high level languages and support firmware 

—Up to 16K bytes additional RAM (volatile or non- ~volatiley 
— Оро 32K byte additional PROM/ROM _ | 
— Combination RAM and PROM/ROM | 

Permanent Buffer Module installation 

Convenient Memory Cartridge plug-in installation | 

Use with any AIM 65 500 Series Desktop Microcomputer E 
Compatible with A65- 006 enclosure and power supply. 
Cartridges are fully assembled, tested and warranted - 


ORDERING INFORMATION _ | 


A65-905-00 
A65-905-01 


A65-905-02 


Buffer Module 

BASIC interpreter, Assembler, 8K CMOS RAM 
& 4K User PROM Socket 

PL/65 Compiler, Assembler, 8K CMOS RAM & 


4K User PROM Socket 
. FORTH, Math Package, ВК CMOS НАМ & 4K 

User PROM Socket 

Instant PASCAL & 6K CMOS RAM 

32K PROM/ROM (1) 

16K CMOS RAM 

16K CMOS RAM (unpopulated) 
-A65-905-08 8K CMOS RAM & 16K PROM/ROM (1) 
A65-905-09 16K Battery Backed CMOS RAM 


(1) PROMs not included. | | 


A65-905-03 


A65-905-04 
A65-905-05 
А65-905-06. 
A65-905-07 


AIM 65 Desktop Microcomputer with Memory Cartridge 


Data Sheet Order No. 09 
Rev. 2, August 198? 


A65-905 


САМ 65 Memory Cartridge 


FUNCTIONAL DESCRIPTION 


BUFFER MODULE 


The Buffer Module interfaces the AIM 65 Expansion Connector 
to a Memory Cartridge ав illustrated. Non-inverting circuits 
buffer the data and address lines. Data direction is controlled 
by the BR/W signal. During а write operation, data from the AIM 
65 Master Module is directed towards the cartridge. During a 
read operation, data from the cartridge is directed towards the 
АМ 65 Master Module. The RAM R/W signal is routed through 
the Buffer Module to the cartridge interface to control the Memor 
Cartridge device read/write operation. ; | 


Address decoding 15 accomplished by a factory programmed 
256 x 4 PROM which drives a 3-10-8 decoder. An interlock 
signal (PE) ensures the PROM is enabled only when a cartridge 
is installed. Three address straps within the cartridge (S1, S2, 
and S3) identify the cartridge type installed by selecting the 
appropriate address decoding section in the PROM. The five 
most significant buffered address lines address one of the 32 
bytes within the selected section. A valid address for the installed 

cartridge results in a low level signal on the most significant 
PROM output pin. This signal in turn enables both the 3-to-8 
decoder and the data transceiver. The remaining three PROM 
outputs (O1, O2, and O3) provide the selection input to the 


EXPANSION 


ADORESS ADDRESS | 


га DELAY 


CIRCUIT 


. decoder and drive the appropriate decoder output to the low 


state. The eight decoder outputs form the eight active low ОР 
select signals for the cartridge. | 


PROM timing is controlled by a delay circuit . implemented with 
a mono-stable multivibrator. This circuit delays the turn-on of 
the address decode . PROM to prevent bus contentions at the 
beginning of each cycle. 


Power for the Buffer Module is derived from the AIM 65 power 
supply through the Expansion Connector. Power for the car- 
tridge is routed through the Buffer Module. - 


MEMORY CARTRIDGE 


The Memory Cartridge has eight 24-pin sockets which can 
accept 2K RAMs, 4K PROMs or 4K ROMs. In models -01, 
-02, -03, -05, and -08, sockets are available for user supplied 
PROMs. In model -07, sockets are provided for user supplied 
RAMs. 


Variations in. socket functions are: accomplished by routing 
selected signals through factory installed jumpers. The eight 
sockets are arranged into three groups as illustrated in the block 
diagram. All sockets in each group are configured to accept the 
same memory device type. 


CONNECTS 
TO 
MEMORY 
CARTRIDGE 


J2 


BUFFERED DATA 
(800-807) 


BUFFERED ADDRESS 
(ВА0-ВА15) 


CHIP SELECTS 
(CS1-CS8) 


ADDRESS STRAPS 
(31-33) 


INTERLOCK 
(PE) 


Buffer Module Block Diagram 
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А65-905 
INSTALLATION 


BUFFER MODULE 


. Before installing the Buffer Module, turn off power to the AIM 
65 Microcomputer. 


. Align the Buffer Module Connector J1 pin 1 with the AIM 65 
Expansion Connector J3 pin 1. 


. Carefully slide the Buffer Module under the АМ 65 Master 
Module, plugging the Buffer Module onto the Expansion 
Connector. Press in firmly on the end of the module assembly 
until all pins are securely seated. 


AIM 65 Memory Cartridge 


. There is no on/off switch for the battery. Remove the battery 


to prevent draining the battery when the cartridge is not 
powered. | 


. The battery will last six months in battery back-up mode. 


Therefore, replace the battery after six months of use. The 
replacement battery should be either a GE or Sanyo CR2032. | 


. А potentiometer іп the Gartridoe: sets the voltage threshold 


level at which the cartridge switches from Vcc mode to bat- 
tery back-up mode. The factory set levels are-approximately 


|. .-- 4.5 Мас for battery back-up and +4.7 Мас for Усс power. 


Adjust this potentiometer while monitoring the voltage on pin | 


4 of Z9 to raise or lower these levels. When pin 4 goes high 


(anau +5 Vdc), the cartridge is in battery 8905 T 
4. If your АМ 65 Microcomputer і5 installed. in an. AIM 65 


Enclosure, fasten the Buffer Module Assembly bottom plate 
to the base plate of the enclosure using the screws а 
with the Buffer. Module. | 


. MEMORY CARTRIDGE 


‚ Before installing or removing a Memory Cartridge, 1 turn. off 
power to the АМ 65 Microcomputer. | P 


2. To install the cartridge, align the cartridge with the label side 
towards the microcomputer and plug the cartridge into the 
Buffer Module receptacle (the cartridge is keyed to prevent 
improper insertion). Press down firmly on the top on the Car- 
tridge | until all pins are securely seated. ша 


MEMORY CARTRIDGE BATTERY INSTALLATION 
(А65-905-09 only). 


1. The battery is NOT factory installed. Install the battery by 
_ sliding it into the holder plus side (+) up. 


CONNECTS TO 
BUFFER 
MODULE 


MEMORY CARTRIDGE 


BUFFERED DATA 


| Е. 
(800-807) | 
| 
| 
| 
4l = 


SOCKET GROUP A 


aaa 


SOCKET GROUP C 


BUFFERED ADDRESS 
(BAO-BA10) ` 


CHIP PINS 
SELECTS SOCKET GROUPS A, B, & € 
(CS1-CS8) 


INTERLOCK 
(PE) JUMPERS 
| pes 30-31, 
АООНЕ55 5ТЯАР5 JUMPERS i ; 
i шк 
У BATTERY BACKUP 


CIRCUITS 
(А65-905-09) 


cae JUMPERS PINS 
Е ә. | SOCKET GROUPS A, ВАС 
3 А 
[E беде = 
SOCKET GROUPS А, ВАС 


Метогу Cartridge Block Diagram 
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А65-905 s. | С B АМ 65 Memory Cartridge 


Memory Cartridge Memory Map 
Cartridge Model (A65-905-XX) 


Block 
Starting Address 


0000 (1) AIM 65 Master Module RAM 


8K RAM BK RAM 8K RAM 6K E 32K PROM 16K RAM 16K RAM 8K RAM 16K Battery 
| Backed 
RAM 


4K m 4K — 4K — 


ш 16К РВОМ 


ы 65 -— Module I/O 


PASCAL 


AIM 65 
Monitor 


Notes: 


(1) Master Module only. 

(2) These blocks are addressed on the AIM 65 Master Module in addition to the cartridges. Components must be removed from AIM 65 Master 
Module sockets 224, 225, and 226 prior to installing the memory cartridge model -01, -02, or -03. Component must be removed from AIM 65 
Master Module socket Z26 prior to installing cartridge module -04. 


Memory Cartridge Component Summary 
Cartridge Model No. (A65-905-XX) 


: FORTH PASCAL | PROM/ROM 


Battery 
Backed 


R3226-11 R32J1-11 R32P4-11 
ROM ROM ROM 
R3225- " R32P5-11 
ROM ROM 


1. All PROM is user provided TI2532 or equivalent. 
2. All RAM is Toshiba TC5516AP, Toshiba TC5516APL ог Зима Seikosha SRM2018C. 


R32P2-11 
ROM 


Notes: 
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А65-905 - 


Signal 
Mnemonic 


(o o-0050mN- í 


Note: 


Buffer Module to AIM 65 Expansion Connector Pin Assignments 


Top (Component Side) 


Signal Name 
*SYNC 


*Ready 
*Phase 1 Clock 


*Interrupt Request 


*Set Overflow 


*Non-Maskable Interrupt 


*Reset 
Data Bit 7 
Data Bit 6 
Data Bit 5 
Data Bit 4 
Data Bit 3 


· Data Bit 2 


Data Bit 1 


Data Bit 0 


*—12 Vdc 
*--12 Мас 
*Chip Select 8 
*Chip Select 9 


"стр Select А 
©- +5 Мас 


Ground 


* — Not used on this module. 


N«x£Z«cHdomxvzzra^crmmoou» 


Signal 


Mnemonic 


Bottom (Solder Side) 


Address Bit 0 
Address Bit 1 
Address Bit 2 
Address Bit 3 
Address Bit 4 
Address Bit 5 
Address Bit 6 
Address Bit 7 
Address Bit 8 
Address Bit 9 
Address Bit 10 
Address Bit 11 
Address Bit 12 
Address Bit 13 
Address Bit 14 
Address Bit 15 


System Phase 2 Clock 
*System Read/Write 
Read/Write "Not" 
“Test 2 
Phase 2 Clock "Not" | 
ВАМ Read/Write 


AIM 65 Memory Cartridge - 


** = With respect to the Buffer Module. 


Signal 

Pin Mnemonic 

2 ВАЗ 

4: c BA1 

6 ВА7 

8 . ВА4 
10 ВА15 
12 ВА14 
14 ВА12 ` 
16 ВАЗ 
18 ВА11 . 
20 BD1 
22 врз 
24 805 
26 BD7 
28 С52 
30 CS4 
32 CS6 
34 CS8 >` 
36 RAM R/W 
38 S2 
40 
42 . +5V 
44 GND 

Note: . 


Memory Cartridge to Buffer Module Connector Pin Assignments 


Front (Label Side) 


Signal Name 


Address Bit 3 
Address Bit 1 
Address Bit 7 
Address Bit 4 
Address ВИ 15 | 
Address Bit 14 
Address Bit 12. 
Address Bit 9 
Address Bit 11 
Data Bit 1 

Data Bit 3 

Data Bit 5 

раѓа Bit 7 

Chip Select 2 
Chip Select 4 
Chip Select 6 
Chip Select 8 
RAM Read/Write 
Address Strap 2 
Not Used 

+5 Мас 

Ground 


**With respect to Memory Cartridge. 


Signal 


Mnemonic 


Rear 


Signal Name 


Address Bit 2 
Address Bit 0 
Address Bit 6 
Address Bit 5 
Not Used . " 
PROM Enable _ 
Address Bit 13 
Address Bit 8 
Address Bit 10 
Data Bit O 

Data Bit 2 

Data Bit 4 

Data Bit 6 

Chip Select 1 
Chip Select 3 
Chip Select 5 
Chip Select 7 
Address Strap 3 
Address Strap 1 
Not Used 

+5 Мас 


Ground 


A65-905 | . AIM 65 Memory Cartridge 
SPECIFICATIONS us 


Memory Cartridge [вы Module 


Dimensions | 
Width 5.25 in. (133 mm) 4.75 in. (121 mm) 
Length | 4.85 іп. (123 тт) 4.69 іп. (119 тт) 
Height 0.88 in. (22 mm) 1.48 in. (38 mm) 


+5V = 5% | : +БМ + 5% 
-01, -02, -03 550 та--Туріса! 250 ma— Typical 
-04 550 та— Typical 
-05 870 ma— Typical 
-06, -07, -09 380 ma— Typical 
-08 620 ma—Typical 
Environment | 
Operating Temperature 0°C to 50°С 0°С to 70°С 
Storage Temperature —40?C to 85°C (except A65-905-09) -40%С to 85°C 
—20°С to 50°C (A65-905-09)* | 
Relative Humidity 096 to 8596 (without condensation) 0% to 85% (without condensation) 
Interface Connections 
AIM 65 Expansion Connector 44 pin-edge receptacle 
(0.156 in. centers) 


Buffer Module to Cartridge 44 pin-edge connector 44 pin-edge receptacle 
(0.100 in. centers) (0.100 in. centers) 


Note: * —40*C to 85°C if the battery is not present. | 
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АМ 65/40 MICROCOMPUTER FAMILY | 
_ Modular Microcomputer Family With Wide OEM, Control Capabilities 


The AIM 65/40 modular microcomputer system allows 
functional steps up from the AIM 65 microcomputer in hard 
working blue collar applications, at very competitive prices. 
It also offers an extremely wide range of languages, 


controller options and an operating system for even greater 


application flexibility. 
The four basic modules of an AIM 65/40 include an 
R6502 based single board. computer, an intelligent printer 


with 40 column alphanumerics and graphics capabilities, a | 
40-character intelligent alphanumeric VF display, and а full. 


ASCII keyboard. It may be purchased as a complete set for 
end users or as separate modules for OEM users. The 
printer and. display modules may be mounted remotely from 
the single board computer. 

Language ROMs include BASIC interpreter and compiler, 
FORTH firmware and compiler. An assembler ROM, debug 
monitor and text editor ROMs, math package ROM add to 
the versatility. There are even disk operating РУ етв. 


АІМ 65/40 MICROCOMPUTER 
_ BOARD-LEVEL VERSION 


A video controller module can be pre-configured onto the 
AIM 65/40 or can be used stand alone with other 
microprocessor based systems. It gives the AIM 65/40 the 
ability to command screen formatting, text handling and 


‚ screen editing, plus full graphics drawing and data display 


functions. When pre- configured, the AIM 65/40 comes with 
an extended keyboard that includes cursor movement 


“controls and a numeric keypad.: 


For desk top use, the AIM 65/40 comes in an attractive 


enclosure; including power supply and an expansion card 


cage which can accept any. RM 65 Eurocard module. With 
its built-in features and expansion capabilities, the desk top 
AIM. 65/40 can be any type of microcomputer меп уоџ 


might need. 


In the blue collar family, the AIM 65/40 microcomputer 
provides more: power, greater flexibility, for more ` 


| це 


АМ 65/40 MICROCOMPUTER 
PACKAGED VERSION 


2% 


Rockwell 


A65/40-8X15 
^. AIM Aen Microcomputer Family 


А65/40-8Х15 
AIM 65/40 SERIES 8000 - 
| MICROCOMPUTER SYSTEM 


OVERVIEW 


The AIM 65/40 Series 8000 Microcomputer System is a pow- 
erful, 8-bit R6502 CPU based microcomputer with a complete 
complement of RAM, ROM and /О capacity—packaged іп an 
attractive professional desk-top enclosure and ready for use in 
a wide range of OEM and end-user applications. Four models 
offer either a built-in 40-character single line display or an 80- 
character < 25 line video display controller with each display 
model available with an internal graphics printer or a Centronics 
type printer (телесе. 


ROM-based disk operating system, hé euet functions, debug 
monitor, text editor, R6500 assembler, and BASIC interpreter 
provide both standalone software development capability and 
run-time environment. Application programs developed and/or 
executed on a Series 8000 microcomputer can meet require- 


ments for low cost, high performance applications such as data 


acquisition and logging, instrumentation, medical ‘analysis, 
environmental monitor, scientific calculation, and automatic test 
equipment in office, laboratory, or light industrial environments. 


А65/40-8515 Microcomputer System | 


"| Аб5/40-8215 


FEATURES 


e Integrated, complete and expandable microcomputer system 


. —AIM 65/40 single board microcomputer with all its features 
and populated with 48K bytes RAM and 24K bytes ROM 


--АІМ 65/40 extended keyboard with 57- -кеу main keyboard, 
15-key numeric and cursor control keyboard, 8 function 
keys and separate RESET and ATTN keys 


—HM 665 card cage with two available slots for user expansion 


— RM 65 floppy disk controller for interfacing with up to four 
54” double- -density floppy disk drives 


— Internal power supply with | user expansion capacity 
e Four models to choose from i 
— Optional single line display or video display controller (VDO) 
'"—Optional graphics printer or Centronics printer interface 
• Fully contained in attractive, professional enclosure 
К  —Attractive, stylized two-piece design . | 
— Strong, injection molded ABS plastic construction 
— Complementary two-tone color (sand with brown trim) 
—Swing-open top for easy access to internal component: 
— Separate floating keyboard assembly 


. e Hardware and software expansion options . . 


. —RM 65 input/output, controller and memory modules 


— Disk- and. ROM-based language ашаны compilers 
vand/or. interpreters 


e НОМ- resident firmware for immediate operation 
-~ —Bootstrap disk operating system (BDOS 1.0) 
— User accessible /О subroutines 
— Debug monitor/text editor 
— А6500 assembler 


222 — ВК BASIC interpreter | 


Ds ORDERING INFORMATION - 


| Description 


AIM 65/40 with VDC, Extended Keyboard, 48K 
| RAM, BASIC Interpreter, Assembler, BDOS 1.0, 
| FDC &2 Expansion Slots | 
| Same as A65/40-8215 with Graphics Printer 
AIM 65/40 with 40-Character Display, Extended 
Keyboard, 48K RAM, BASIC Interpreter, 
| Assembler, BDOS 1.0, FDC & 2 Expansion Slots 
E Same a as 3 A65/40-8415 with тагарак» Ргіпіег 


А65/40-8315 
А65/40-8415 


A65/40-8515 · 


Document Мо. 29001005 


Data Sheet Order No. D105 
April 1983 


А65/40-8х15 


АМ 65/40 Series 8000 Microcomputer System 


: HARDWARE DESCRIPTION 


The AIM 65/40 Series 8000 Microcomputer System i is fully pack- ` 


aged in a two-unit injection-molded. ABS plastic enclosure. Тће 
Мат Unit houses the Single Board Computer (SBC) module, 


power supply, RM 65 4-Slot Card Cage and adapter, Single Line | 


Display or Video Display Controller (VDC) module, Graphics 
Printer or Centronics Printer Interface adapter, and interconnect 


‘cabling. The hinged front panel swings forward revealing internal 


components thus allowing convenient switch setting and PROM/ 
. ROM installation for custom applications. The rear section is 
easily removed.to access the RM 65 Card Cage for installation 
of RM 65 expansion modules. Cables from external peripherals 
and equipment connect directly t to connectors mounted on the 
back panel. 


The detached: Keyboard Unit houses the AIM 65/40 Extended 
Keyboard and 18 'соппестед to the Main Unit by a retractable 
| cable for flexible positioning on the work surface. | 


SBC Модије | 
Тһе SBC module contains an R6502 CPU, a1 MHz clock circuit, 


on-board device десодег5, interrupt request priority circuit, reset. 


_ conditioning, 32K bytes PROM/ROM sockets and 48K bytes 
. RAM. 24K bytes of ROM are installed with two 4K-byte sockets 


available for user PROM/ROM installation. All. on-board memory | 


may be enabled in 4K- -byte blocks, yielding an optimal mix of 
on-board/off-board memory and /О to be addressed. The ВАМ 


may also be write-protected in 8K-byte segments. Dual bank | 


addressing allows an additional 56K QE of memory or VO to 
be accessed онога. 


Video Display Controller (Models -£ -8215 and -8315) 


The Video Display Controller (VDC) interfaces the SBC module 
to a CRT monitor by generating a composite video output signal 
which is routed to.a BNC connector оп the back panel. Con- 


 trolled by a separate microprocessor, built-in commands in 


_ either text or graphics mode provide flexible text handling and 


screen editing as well as full graphics. іле drawing and 1 display 


functions. 


Ih the text mode, a screen format of 80 characters x 24 lines 


is automatically selected. A 40 x 24 format is also available and | 
other formats are user programmable. Eight. pages of text are 
available in the 80 x 24 format with automatic page sizing for 
other formats. А 4K-byte character generator ROM contains bit 
patterns for 256 different characters in a 7 x 10 dot matrix field. 
Standard characters include upper- and lower-case alphabetics, 
numerals (including subscripts and superscripts), math and 
Greek symbols, - common European letters, and semigraphic 


| characters. 


The full. graphics mode incorporates bit mapping of 280 x 224 
pixels, which is compatible with the- Graphics. Printer. Line 
drawing commands move a pen and draw or erase lines using . 
either relative or absolute position reference. Data byte capa- 
bility allows individual dots to be controlled using a 40 bytes per 
dot line format (seven dots per byte). 


Graphics Printer (Models -8315 and -8515) 


Тће Graphics. Printer is a dot matrix thermal printer with. two 
modes operation: text and graphics. In the text mode, up to 40 
characters per line can be printed using 7 x 8 dot matrix char- 
acters. 256 pre-defined upper and lower case letters, numbers 


including superscripts and subscripts, math symbols, and 


common European and Greek letters are included in the con- 


troller ROM. Text is printed at a fast 240 lines per minute. In the 


graphics mode, all 280 horizontal dots in a row are individually 
controlled, and any number of rows may be printed. 


The printer includes a dedicated microprocessor-based con- 
troller which operates the printer motor and thermal head timing 
and control functions independently from the SBC module thus 
relieving the SBC module from time consuming peripheral con- 
trol functions. 
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ЕУР PARALLEL _— о: SERIAL. ©. — BACK ; 'AUDIO/20 mA pO ; E COMPOSITE 
PRINTER APPLICATION , R&232C · PANEL . CURRENT LOOP | . FLOPPY DISK DRIVE VIDEO 
- CONNECTOR.(J7) CONNECTOR (J1) | CONNECTOR. (J2) CONNECTOR (J3) -. > CONNECTOR (J5) CONNECTOR (J4) 


. 85-232С 


APPLICATION INTERFACE AND =: 
R6522 APPLICATION | | CURRENT LOOP | CASSETTE 
_ МА :' 86551 ІМТЕНҒАСЕ ІМТЕНҒАСЕ 
= АСА 


. FLOPPY _ 

DISK CONTROLLER 
AND 4K 

BDOS 1.0 ROM 


> -4i 

SYSTEM EXPANSION 
` R6522 1 DRIVER. 
VIA: — 


48K 
CENTRONICS = SELECT DYNAMIC 
PRINTER i | -. f SWITCHES 
INTERFACE қ 
ADAPTER 


ON-BOARD ' ` ROM/RAM 
"РЕМСЕ SELECT | 
. DECODER | || SWITCHES 


DEPENDENT | — 


PROTECT 
SWITCHES 


4K 


ASSEMBLER | 


ROM 
| 
8K 


BASIC <=> 


ROMs 


CRYSTAL CONTROLLED : 
1 MHzCLOCK . | 
АМО ТІМІНС |. 

CIRCUIT ` ВК DEBUG . | 
момтон/ TEXT K — > 

EDITOR РОМ | 

| 
ак 
. wo 
о ROM . | 


32K PROM/ROM 
SOCKETS: 


SPEAKER 


Co. АМЕР, | | 
SYSTEM  . AUDIO 


X b 1 -< 86522 K -CASSETTE 


~ МА ІМТЕНҒАСЕ 


ue | SINGLE LINE 1 14] моко | 
$e ul ИУ  DisPLAY DISPLAY f- 
һо | CONTROLLER CONTROLLERE | 


SPEAKER 


GRAPHICS 
PRINTER 
CONTROLLER _ 
MODEL E 
` DEPENDENT \ 
КУ ЗСІЗ 
фо ue d ; 
DISPLAY |. 1. 'MAIN 


а. 2222. ENCLOSURE 


GRAPHICS |” 
С PRINTER 


је 


NUMERIC 
а CURSOR 
CONTROL 

KEYBOARD (15) 


KEYBOARD ENCLOSURE 


AIM 65/40 Series 8000 Microcomputer System Block Diagram | 


А65/40-8х15 — .. AIM 65/40 Series 8000 Microcomputer System 


., Parallel Application Connector (J1) Pin Assignments 


1 CB2 мо NMOS 2 NC/+5V* = Power 
3 CB1 1/0 Т NMOS. | 4 | . GND | Power 
5 PB7 | мо ~ NMOS | 6 4 GND >- | Роууег 
7 РВ6 бор Ш. NMOS 8 | Кер | | Роууег 
9 РВ5 | мо. - NMOS 10 _ | GND | Power 
211 | РВ4 / ШЕ мо . NMOS . 12. | GND Power 
13 . PB3 ЕГІ» NMOS 14 . GND Power 
15 — i PB2 1/0 NMOS | 16 | GND - Power 
17 PB1 . o 40 я NMOS | 18 GND E | . Power 
19 PBO . МО | NMOS 20 GND | Power 
21 PA7 |. VO NMOS 222%». ” GND ^. Power 
23 | PAG | мо NMOS 24 GND Power 
25 | PA5 . Го: | NMOS 26 |. GND Power 
27 РАЗ 7 1/0 NMOS | 28 | GND |. ^ Power 
29 РАЗ мо NMOS | 30 | GND | Power 
31 PA2 мо | NMOS 32 GND : Power 
33 | РАЛ |. 1/0 NMOS. 34 GND a Power 
35 | | РАО | мо . .NMOS. 36 GND | | Power 
37 - CA2 | мо . NMOS - 38 смо.. | Power 
39. ЈЕ CA1 | 2 NMOS 40 NC/^V* | - Power 


Note: "Pins 2 and 40 can be орвепайу jumpered to +5V (maximum current through each pin should not exceed 200 тА). 


Serial RS-232C Application Connector (J2) Pin Assignments |  . Audio/20 mA Current Loop Connector (J3) Pin Assignments | 


[Pn] Sum | vo | туре] ви | Signal | me | 


TTY RTS 
TTY TD 
TTY RD 
TTY RTN 
RS-232C AUDIO OUT . 


AUDIO IN 
CTRL 2 RTN 
CTRL 2 
CTRL 1 RTN 
CTRL 1 


RS-232C 


Floppy Disk Drive Connector (J5) Pin Assignment Printer Connector (97) Pin Assignments - 


STEP PULSE * С STROBE | 
| МАТЕ РАТА . |O | DATA 1 
DRIVE SELECT #4 | . | WRITE GATE 10. | DATA 2 
INDEX . TRACKZERO || : DATA 3 
DRIVE SELECT #1 WRITE PROTECTED || | РАТА 4 


DRIVE SELECT #2 | | READ DATA 
DRIVE SELECT #3 | | 2ND SIDE SELECT 
MOTOR ON | | NC | ^ 
DIRECTION IN | | | 


‘Notes: 1. 5%” floppy disk drive interface. 
2. NC = No connection. 


_ 86 


. A65/40-8x15 / 


Ам 65/40 Series 8000 Microcomputer System 


-Centronics Printer Interface. _ 

(Models -8215 and -8415) 0 | 

. The Centronics Printer Interface connector adapter buffers the 
г external printer output signals from the SBC module and routes 
| the о signals to the Printer connector ‹ on the back panel, i 


40-Character Display (Models -8415 and -851 5) 


The 40- Character Display includes a vacuum fluorescent dis- 
play and a dedicated microprocessor-based. controller. The 
. Vacuum fluorescent display i isa single sealed unit containing 40 
„зерагајеју controllable digits. Each digit is composed of a 16- 


3 U segment font. which illuminates a full set of upper case alpha- 


` betics, numerics, and special characters. In the semi-graphics 
mode, the 16 segments for each digit аге individually controlled. 


- .|n addition, each digit includes a separate decimal point. When _ 
5 energized, the. digits form. bright ad characters in а blue- 


green color. 


| Extended Keyboard 


- Тһе ‘Extended Keyboard contains a 57-key full-size terminal 
_ style alphanumeric keyboard with locking SHIFT key, а 15-key 


_ numeric and cursor control keyboard, eight function keys, and 


Ede: RESET and ATTN keys. 


SOFTWARE DESCRIPTION 


: | Standard ROM- based software in the Series 8000 Micracor- | 


puter System provides either immediate development capability 
dn BASIC and R6500 assembly language or automatic appli- 


5 _ cation ргодгат startup in a run-time environment. Program ini- 
tiation сап be performed either іп а PROM/ROM-based | 


application program or in RAM after an automatically initiated 
` load of the application program from floppy disk. The ROMs 
installed in each Series 8000 systems are: 


• АМ 65/40 VO ROM 


• АМ 65/40 Bootstrap Disk Operating System Version 10 


. (BDOS 1:0). 
e AIM 65/40 Debug Monitor/Text Editor 
• АМ 65/40: BASIC Interpreter. 
• АМ е Assembler . 


VO ROM _ 


| The Пе ROM includes preprográmmied auto-start initialization, 
interfüpt, тир апа шу. functions. which. Support y user- 


3-5 д initialization jumps to pre- 


for continüed operation, or it can Cub initializ ize б functions, 

then гешт control back to the [е] ROM for continued auto-start 
of other functions. VO drivers directly support intelligent display 
and printer ‘peripherals. Other. drivers support the RS-232C/ 
20MA interfaces. and the audio · cassette ponp, and control the 
on- -board speakers. | _ | | 


BDOS 10. 


| Тһе BDOS 1 0 ROM provides ЧЕК and file нае fun: 
tions as wel as automatic loading ofa bootstrap loader from 
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. disk for load and go program execution. BDOS functions open, | 
close, read and write program and data files under operator or 
program control.. User-friendly prompts, displayed а! the Debug 


Monitor, Text Editor, BASIC, and Assembler. command: level: 


messages, simplify operator initiation and monitoring of disk and 


file operations. Disk-oriented functions include format a disk and 
list the directory for all files оп Ше disk. File-oriented f functions 
include list, delete and recover a named file. 


. When the BASIC ROMs are installed, the microcomputer auto- | 


тансаћу initializes to the BASIC command level unless over- 
ridden by an application program auto- start sequence. Easy 
entry to the Debug Monitor and Text Editor command levels 
allow machine level ај assembler Selection and text 


| entry/editing. 


Debug Monitor/Text Editor ROMs 


The Debug Monitor/Text Editor includes a wide selection of. 
functions to. simplify computer program entry and checkout. Text 


can be easily entered, edited, saved and retrieved. using either 


line- or screen-oriented commands in the Text Editor. A char- 
acter cursor сап be positioned left, right, up, or down to aid char- 


acter insertion, addition, and deletion. Automatic and selective 
character string change capability makes block changes as: . 


desired. Multiple text buffers can easily be maintained for Sep- 


arate program ang: даа files. 


The Debug Monitor controls program execution in single step 
апд run modes. and allows convenient examination and altering | 
‚ог memory and registers. Single step mode disassembles . 
instructions and traces register contents upon command for 


detail examination of program operation. Symbol level debug- 
ging reduces dependence on absolute addresses and simplifies _ 
program checkout. Command string capability allows command 


| sequences 19 be chained and лү ЗАМЕ 


. BASIC ROMs 


The 8K Microsoft-developed BASIC Interpreter implements an | 
industry standard high level language which is simple but pow- 
erful and is commonly used: in ашу science and. schools. 


BASIC operates in one of t two modas: development. and run: 


time. In the development mode, BASIC statements are entered 
and executed as either direct or indirect commands. Direct com- ШЕ | 
. mands are executed upon entry to provide immediate results, к 


however, the statements are not stored for subsequent execu- ` 
tion. Indirect commands are: entered along. with an associated - 


| line number and are executed: пеп АУМ command. entry or | 


can also be loaded into: ihe Text Editor for а into BASIC t to | 
simplify program editing. Тһе. microcomputer. peripherals, i.e., 
keyboard, 40-character single line display/video display and 
printer, are usedi in the development mode to enter statements, 


5 to list entered indirect statements and to display/print execution 


results. 


Assembler ROM 


The assembler translates computer program, instructions written | 
in R6500 assembly language for the 6502 microprocessor into 


: machine code that will. operate. either in the Series 8000.Micro- 


computer System or in any 65XX CPU- based microcomputer. 
Operating options are Selected И бу the. operator 
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upon assembly command. These options specify source code 


device, object code device, symbol table location, full assembly 
or errors only output listing. and output listing device. A repeat 


command invokes the assembly according to previously com- | 


manded options for rapid setup during program debugging, 


editing and reassembly. Memory to memory ко і5 зир- 


ропед 10 зреед pean Оаа 


МЕМОВУ МАР 


SOFTWARE OPTIONS 


Description 


Disk-Based | | 
A65/40-7012 | AIM 65/40 Macro Assemble, and Linking Loader 
A65-40/7024. | АМ 65/40 BASIC Compiler 
Аб5/40-7052 | AIM 65/40 FORTH Compiler 
ROM-Based | m 
A65/40-7040 | AIM 65/40 Math Package ROM 
A65/40-7050 | АМ 65/40 FORTH ROMs. | 


Note: Provided а 51-inch double- -density floppy disk compatible 


Software Memory Map 


Notes: (1) AIM 65/40 System peripheral VO addresses are assigned 


to FF80-FFDF. 
(2) User available during application program operation. 


(3) User available if the optional language and the RM 65 


expansion module ROMs are not used. 


with AIM 65/40 BDOS 1.0: 
: | BANKO ы BANK Т. 
FF FFFF — 
FF AIM 65/40 | E ROM COMMON то 
Foo! VO ROM (1) _ F000 | |. BOTH BANKS — 
MT . АМ 65/40 | | | | 
E000 | BDOS 1.0 ROM. ON-BOARD 
| MU T у; | . PROM/ROM 
робо | - | _ AIM 65/40 DEDICATED 
ка BASIC ROMs TO BANK 0 
C000 | C000 | 
 Booo | 2222 АМ 65/40: > | 
| DEBUG/MONITOR . 
| | & TEXT EDITOR ROMs is | 
| A000 х 
: NE | “AIM 65/40 | 
9000 | _ ASSEMBLER ROM (2) | 
8000 8000 | 
| ON-BOARD 
7000 RAM 
DEDICATED TO 
6000 
48K RAM COMMON TO 
5000 | ‘BOTH BANKS 
4000 | | 
. 3000 | 
. 2000 | 
1000 1000 
800 _ON- BOARD | 
OPTIONAL LANGUAGE (ВАМ 
500 [AND ВМ 65 MODULE FIRMWARE VARIABLES S (3) COMMONTO . 
200 22222104 К MONITOR | А VARIABLES _ BOTH BANKS | 
100 | | Mo 6502. СРО PU STACK E UU e ieget 
0 mn PAGE ZERO DATA . 0 


Banking Memory Мар“. 


| А65/40-8 х15 


SPECIFICATIONS | 


| Parameter : 
Dimensions 


Main Enclosure 
_ Width 

Length 
Height 

Keyboard Enclosure 
Width 
Length. 
Height | 


Environment 


| Operating Temperature. "o 


With Printer 
Without Printer 
Storage Temperature 
With Printer 
Without Printer 
Relative Humidity 
Electrical 
Interface Connectors 
(Back Panel) 
J1 (Parallel 
Application) 
J2 (Serial RS-232C 
Application) 


-Value 


17.00 in. (43.2 cm) 
_ 7.75 іп. (19.7 ст) 
2.26 іп. ( 5.8 ст) 


17.00 іп. (43.2 ст) 
17.68 іп. (44.9 ст) 
6.00 in. (15.2 ст) 


0°С to 50%С 
0°С to 70°С 


0°C to 70°С 
—25°С to 85°C 


_ 0% to 85% (without condensation) 


: 40-рт mass terminated connector 


(3M#3417-7040 ог. equivalent) | 


25-pin Delta connector 
ЗМ 43482-1000 or equivalent) | 


Parameter 


"Electrical (cont) | 


.J8 (Audio/20 mA 
Current Loop) 


J4 (Composite Video) | 


J5 (Floppy Disk Drive) 
J7 (Printer) | 


AC Power Connection | 
| Power Connector. 


Power Cord 
Type 
Length 
Rating 
Line End 
Microcomputer End 


AC Power Requirement 


„при! Voltage: 
Fuse 


A65/40-8515 Microcomputer System— Back Panel 


20-pin mass terminated 


(3M #3421 -7020 or ойлен) - 
RCA BNC. type. а 


4 (Allied #6088 ог equivale 


34-рп. mass terminated connector 
(3М#3414-6034 ог equivalent). 


m 36-pin mass terminated connector | 
ка 3М+#3366- 1001 or “equivalent 


5 3-Prong Recessed Grounding Pug 
| (NEMA 5- 15P) LM 


Detachable, 3-Conductor 

6 Feet. 

125 Мас, 15А Зегмсе 

Molded Vinyl Grounding Plug | 
(NEMA 5-15P) - 

Molded Vinyl Grounding Receptacle 


115 Vac + 10%, TP Hz 


230 Vac, ЗА, Slo-Blo | 


eR 


Rockwell 


OVE RVIEW - 


The AIM 85/40 АУА integrates the AIM 65/40 mod- 
ular components— Single Board Computer (SBC), 40-Character 
Display or Video Display Controller (VDC) module, Graphics 
Printer, and a Standard or Extended Keyboard—into a com- 
plete self-contained system including an application-oriented 
КО ROM and a ROM resident operator-oriented Debug Monitor/ 
Text Editor. The display and printer modules are mounted onto 
the SBC while the keyboard is detached—all peripherals are 
connected through removable 40-conductor ribbon cables, The 
peripherals can easily be relocated to other positions to satisfy 
unique installation requirements. 


In its integrated form, a desk-top installation of the AIM:65/40 
microcomputer system. can perform a wide range of specialized 
data acquisition, data reduction, control, and monitor functions 
‘in either ОЕМ ог end-user configurations. As a development 
tool, the system can support software developed in either 
assembly or high level language for operation in AIM 65/40 or 
RM 65 based microcomputers at a fraction of the cost of other 
systems. 


As an advanced generation of the Е АМ 65 тсгосот- 
puter, the separate AIM 65/40 assemblies provide increased 
processing throughput, improved keyboard, display and printer 
modules, and expanded application interfaces. The 6502 CPU- 
based AIM 65 Single Board Computer, with a full address com- 


plement of memory capacity on-board, extremely flexible ИО, 

and interrupt driven ИО handlers in firmware, is the heart ої ће... 
АМ 65/40 microcomputer system. The AIM 65 Graphics Printer, - 
with its separate microcomputer controller, prints 40 columns 

of characters, using à complete set of upper and lower case 


alphabetic, numeric, .semi-graphic, and special characters in the 
: text mode at 240 lines per. minute, and also provides a full 
` graphics mode of 280 dots by n rows. The AIM 65/40-Character 


| Display, with its own microprocessor-based controller, features - 


an easy-to-read fluorescent display, and provides a full comple- 
ment of alphanumeric and special characters as well as internal 


editing, scrolling, and. blinking functions. The terminal-style.AIM 
65 Standard Keyboard. contains a full-size main keyboard plus . ` 
a separate row of eight dedicated function. keys and isolated | 


RESET.and ATTN keys. 


The system comes: with a.4K-byte /О ROM aid an 8K-byte | 
interactive debug monitor- and text. editor, Optional assembler — . 
and common high level language compilers/interpreters improve ` 


programmer productivity, increase program reliability, and sim- 
plify program maintenance. ROM-based firmware includes a 
disk operating system, symbolic assembler, universally accepted 
BASIC interpreter, and a highly efficient FORTH system with 
‚ resident compiler, interpreter, and macro assembler. Optional 
disk-based software includes a macro assembler, BASIC com- 
piler and FORTH target compiler. 


_А65/40-2000, -3000, -4000, -5000 
АМ 65/40 Microcomputer Family 


А65/40-2000, -3000, -4000 and -5000 
~ AIM 65/40 MICROCOMPUTER 


FEATURES 


e Single Board Computer with extensive memory and vo 


— 6502 CPU 
— 131K addressing, in Two 65K- Еда pai 
— Up to 48K-bytes of on-board RAM, with write-protect - 
— Up to 32K-bytes of on-board PROM or ROM 
—User-Prioritized Interrupts, up to six levels | 
— User-Dedicated parallel /О interface 
— User-Dedicated RS-232C serial interface | 
_— Audio cassette/TTY (20 mA ourrent) interface 
_—АМ 65 bus expansion interface 
Graphics Printer 
— Text mode provides upper/lower case арћалитенеа, Math, 
and Special Characters at 240 lines/minute | 
— Full graphics mode provides 280-dot resolution ` 
— Quiet, reliable thermal operation 


` e 40-Character Display 


—Full upper case alphanumeric and special characters 
— Bright, crisp vacuum fluorescent display 
—Display, edit, auto-scroll, and character blinking functions 
e Full-Size Terminal-Style Standard Keyboard 
— 57 keys, including locking ALL CAPS key 
—Eight user function keys, plus ATTN and RESET 
е /О ROM | 
— Auto-start initialization | 
— Interrupt-driven peripheral УО handling 
_ —RAM vectored /О with expansion hooks 
— General purpose /О and utility subroutines 


е ROM-Resident Interactive Debug Monitor 


— Accepts instructions in mnemonic form 
— Machine level debug functions 
. — Command file for automatic command execution 
ROM- Resident Text Editor бс р 
—Line and screen oriented commands 3 
_ —Read, list, insert, delete functions . 

— Cursor control functions 
| — Automatic and manual. block change functions 
• Extensive Documentation | 

— Comprehensive user's manual 

--/О ROM and Monitor/Editor assembly listings 
~ — Programming and hardware manual 

— Summary booklet and wall schematic 


Document No. 29000D78 


Data Sheet Order No. D78 
Rev. 1, July 1983 


' ABB/A0-2000, +3000, -4000 and -S000. _ 


`А65/40-5000 AIM 65/40 Microcomputer 


‘ORDERING INFORMATION 


Microcomputers 


АМ 65/40 SBC with 32K RAM, Monitor 
ROMs, Extended Keyboard, and VDC 
Module . 

AIM 65/40 SBC with 32K RAM, Monitor 
ROMs, Extended Keyboard, VDC Module & | 
` Graphics Printer 

AIM 65/40 SBC with 32K RAM Monitor ROMs, . 

` Standard Keyboard and 40 Char. Display 

АМ 65/40 with 32K RAM Monitor ROMs, 

.. Standard Keyboard, 40 pend сл арау and. 
Graphics Р Printer СД 


. A65/40-2000 


| A65/40-3000 


| А65/40-4000 | 


_ | А65/40-5000 


_Firmware Options | 


Description 


AIM 65/40 Assembler ROM _ ; 
АМ 65/40 BASIC Interpreter ROMs - 
AIM 65/40 Math Package ROM 

AIM 65/40 FORTH ROMs 


= | Ав5/40-7010 

| A65/40-7020 

“| Аб5/40-7040 

‚ > | Аб5/40-7050 

| Аб5/40-7090 | 
1 c» (DOS 1.0) ROM | 
АМ 65/40 Bootstrap Disk Operating System X 


Аб5/40-7092 
| | Version 1.0 (2005 1: 0) ROM. 


Software 5 Options (Буд” оба | 

| | Description 

AIM 65/40 Macro Assembler and Linking 
Loader" | 


AIM 65/40 BASIC: Compiler Disk’? 
_`АМ 65/40 FORTH ыо; Соры" 


| PartNo: | 
_ | А65/40-7012 


„| A65/40-7024 | 
~ | Аб5/40-7052 . 


, | Notes: |... 
t 1. Requires RM 65 FDC Module (ВМ65- -5101 Е) and A65/40- 7092 
| В00$ 1.0 ROM. _ 
Zn 2. Requires RM 65 FDC Module (RM65- 5101 E) and either 
ща А65/40-7090 DOS 1.0 ог A65/40-7092 8008. 1 0 ROM. 


oe Description |. 


АМ 65/40 Disk Operating System Version 1. 0 x 


| САМ 65140 Microcomputer 


| FUNCTIONAL DESCRIPTION 


SINGLE | BOARD COMPUTER (SBC) MODULE | 
^. The A65/40-1000 ‘SBC Module contains an В6502 CPU, a 1 


MHz clock circuit, on-board device decoders, interrupt request _ “ 
- priority circuit, reset conditioning, and both PROM/ROM and 


__ RAM memory. On-board sockets accept: up to 65K bytes of 


‘read-only and read/write memory. Up to 32K bytes of PROM/ 


ROM and up to 48K bytes of RAM may be installed. All on-board: 
memory may be enabled in 4K- -byte blocks, yielding an optimal 


mix of on-board/off-board memory and I/O to be addressed. Тһе 


RAM may also be write-protected in 8K-byte: segments. Dual 


‚ bank addressing allows an additional 56K bytes of memory or: 


/О to be accessed off-board. 


The SBC module is connected by removable cables to the 40- 
Character Display and the Graphics Printer over identical Cen- 
tronics type parallel handshaking interfaces. The SBC is also 
connected to the Standard Keyboard through a removable inter- 
face cable. These peripheral ports may be also used as general 
purpose bi-directional data ports with parallel, ‘serial, interrupt, 


_ and timer capabilities controlled by user programming of two on- 
board R6522 Versatile Interface.Adapter (VIA) devices. 


A separate user-dedicated R6522 VIA interfaces with the Par- 
allel /О Connector. The high current drive capacity of the VIA's 

eight "B" port lines can directly drive many industry-standard 
devices, such as solid state relays. The RS-232C connector 


_ provides an interface that allows the SBC to function as a data 


‘get or data terminal. An Audio/TTY Connector interfaces to one 


or two audio cassette recorders and toa 20 mA current loop. 
serial понася: КТ | 


Ап Exbaralon Connector extends the system bus to Rockwell 


_ RM 65 bus compatible memory, ИО, or peripheral controller 


modules. Up to six levels of interrupt priority may be assigned 
to on- -board and off-board: poteras, | 


| STANDARD KEYBOARD 


The. А65/40- 0200 Standard Keyboard i is a full-size terminal style 


р | аірһапитегіс keyboard containing 66 momentary contact single | 
ще роје single throw (SPST) keys and one locking SPST key. The 
| keyboard has a complement of 63 momentary contact keys in 


ап 8 x 9 matrix with nine positions ипизед. An ALL CAPS 


A locking key is also in this matrix. Nine strobe and eight return 


lines аге used to determine which. key is pressed. Three 
momentary contact keys—RESET, ATTN, and PAPER FEED 


2 are outside of the keyboard. matrix: These: key switches have. 
| сас returns. | | 


| EXTENDED KEYBOARD 


. The А65/40- 0210 Extended Keyboard has the. added features 


|. of an industry standard numeric keyboard and cursor control 


neve 
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А65/40-2000, -3000, -4000 апа -5000 


AUDIO/TTY 
CONNECTOR (43) 


PARALLEL I/O RS-232C 
CONNECTOR (11) CONNECTOR (12) 


Фин». 


РНОМ/НОМ, 
SELECT 
SWITCHES 


[ РАМ 
| SELECT 
SWITCHES 


PROM/ROM 


ON-BOARD . 
-DEVICE ^ 
DECODER . 


WRITE 


| . SINGLE 
PROTECT |. STEP | 
SWITCHES с CIRCUIT 
АМ 65 BUS ` 
INTERRUPT | 
: APPLICATION г PRIORITY R6502 
ACIA HEADER CPU 
APPLICATION Y 
VIA 
_ SYSTEM 
VIA INTERRUPT 


PRIORITY 


MASK 


KEYBOARD Y 
- МА | 
WRITE 
PROTECT 


SYSTEM . 


ИЕ ЕТУ; KEYBOARD 
ЕЕ CASSETTE R6522 R6522 ета 
INTERFACE VIA МА 


A65/40-1000 — 
SBC MODULE - 


PRINTER 
CONNECTOR (J5) 


DISPLAY 
CONNECTOR (J6) 


KEYBOARD 
CONNECTOR (J7) 


А65/40-0200 


жара STANDARD KEYBOARD | 


GRAPHICS 


PRINTER У 


OR A65/40-0210 _ 
EXTENDED KEYBOARD 


| | Re2320 L-———] тту AUDIO CASSETTE]. © 
I | ІМТЕНҒАСЕ |7 INTERFACE INTERFACE > 
"E | SYSTEM 
— === е | R6522 
APPLICATION | | APPLICATION пази (62 
R6522 R6551 Рене | 
МА __АСМ 


{ВАМ REFRESH| 


| CONTROL 


J SYSTEM 
CLOCK 


PROM/ROM 


| RESET = RESET Я 
CONDITIONING SWITCH 


“AIM 65/40 Microcomputer 


| EXPANSION - 
.. CONNECTOR (44) 


RM 65 BUS: 
EXPANSION 
DRIVERS 


SYSTEM 
BUS . 
BUFFERS 


DYNAMIC 
RAM | 
(UP TO 48K) 


| 


AND TIMING —— 


РНОМ/НОМ 
SIZE 


JUMPERS 


· (UP TO 32K) 


A65/40:0400 


40-CHAR. DISPLAY 


OR А65/40-0800 


DEO DISPLAY 


CONTROLLER 


MODULE 


AIM 65/40 System Block Diagram 
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| А65/40-2000, -3000, -4000 and -5000 | 


TAM 6540 (Microcomputer | 


GRAPHICS PRINTER 
The A65/40-0600 Graphics Printer includes a dot matrix thermal 


printer mechanism, a microcomputer controller, thermal ngad. 


drivers, and motor/strobe timing circuitry. 


The printer mechanism includes a thential head, platen: ‘motor 


drive linkage, and associated wiring. There are 40 thermal ele- 


_ ments on the thermal head, each of which. spans seven dot 
- fields; each element is а discrete point which rides against heat 


sensitive paper. Control logic turns оп the thermal head drivers 


to heat the sensitized paper when a dot is to be.printed. During 
a print cycle, the thermal head moves horizontally across the 
paper; when an entire row of dots has been printed, the printer 
motor advances the platen by o one horizontal row / of dots. 


The printer controller includes 2 an R6504 CPU, 4K- -byte ROM, 
RAM, ИО, timer, clock, and reset circuitry. The ROM contains 
both the CPU instructions and the individual character bit pat- 
terns. The controller performs printer motor and thermal head 
timing and control functions to enable the printer to operate 
independently from the SBC module. 


Data and control commands are transmitted to the printer over 
the Centronics type parallel handshake interface. An internal 
buffer accepts up to 80 bytes for printing. The controller auto- 
matically prints the first 40 7 x 8 dot-matrix characters in the text 
mode or after receiving a row of 280 dots in the graphics mode. 
The paper can also be advanced with a paper feed command, 
or manually using the paper feed switch. 


e 40-CHARACTER DISPLAY 


Ж Тһе А65/40- 0400 40-Character Display contains a vacuum flu- 


orescent display, a microprocessor-based controller, a 2K-byte 
character font/program ROM, character and segment drivers, 
and a DC/DC power converter. The vacuum fluorescent display 
is a single sealed unit containing 40. separately controllable 
. digits. Each digit is composed of a 16-segment font which allows 
a full set of upper case. alphabetics, numerics, and special char- 
acters to be displayed. In the semi- graphics mode, the 16 seg- 
ments of each digit are individually controlled. In addition, each 
digit includes a separate decimal point. When energized, the 
digits form rignt, ер ыы іп а blye- -green color. 


VIDEO DISPLAY CONTROLLER (VDC) MODULE 


The A65/40-0800 Video Display Controller (VDC) module inter- 
faces the АМ 65/40 microcomputer to ейһег а CRT monitor or 
TV receiver. The module connects to the AIM 65/40 SBC module 
display connector (J5) and interfaces to the display through 
either the composite video output or the separate HSYNC, 
VSYNC, and VIDEO output TTL compatible signals. With its 
integral microcomputer controller, built-in commands provide 
selectable and programmable screen formatting, flexible text 
handling and editing, and full graphics drawing and data display 
functions. In the text mode, preprogrammed formats of 80 char- 
acters x 24 lines or 40 characters x 24 lines are selectable. 
Other formats are user programmable. The full graphics mode 
incorporates bit mapping of 280 x 224 pixels, which is compat- 
ible with the Graphics Printer. 


Јој вом. 


The /О ROM includes sie певао аса auto-start initialization, 


interrupt, input/output and utility functions which support user- 
defined programs as well as AIM 65/40 optional firmware/soft- 
ware. Auto-start initialization’ jumps to: predetermined PROM/ 
ROM addresses during RESET ‘processing. The application pro- 


gram can assume direct control of the system for continued 
operation, or it can just initialize required. functions, then return 


control back to the VO ROM for continued auto-start of other 


| functions. 


VO drivers directly ОН AIM 1 65/40. ыйан display and 
printer peripherals. Other drivers support the RS-232C/TTY 


. interfaces, the audio cassette ports and control the on- -board 


skeare, 


DEBUG MONITOR/TEXT EDITOR | 


The Debug Monitor/ Text Editor includes awide selection of func- 
tions to simplify computer program entry and checkout. Text can 


_ бе easily entered, edited, saved, and retrieved using either line 


or screen oriented commands in the. Text Editor. A character 
cursor can be positioned left, right, up, or down to aid character 
insertion, addition, and deletion. Automatic and selective char- 
acter string change capability makes block-changes as desired. 
Multiple text buffers can easily be maintained for separate pro- 


Er gram and data files. 


The Debug Monitor controls program execution in 805 p 
and run modes and allows convenient examination and altering 
of memory and registers. Single step operation allows instruc- 
tion and register trace for detail examination of executed instruc-. 
tions. Symbol level debugging reduces dependence on absolute 


addresses and simplifies program checkout. 


843 


А65/40-2000, -3000, -4000 and -5000 


-> AIM 65/40 Microcomputer 


DEBUG MONITOR COMMANDS 


Monitor Control Commands пи ве 


| Enter. and: initialize. Monitor (Cold Reset) 


CTRL RESET 

RESET . Enter Monitor (Warm. Reset) . 

ATTN | Non- -Мазкаые interrupt .. 

ESC = Escape to Monitor Command Level | | 
E д паге Text Buffer and Enter Text Editor 
2 с Recover Text Buffer and Enter Text Editor 
T. | Reenter Text Editor . 

F1-F8 Enter Function 1 - Function 8 

+ Repeat Last Command 

& Зе ‚ Execute Command String . È 
азат” — Toggle Memory Bank · © ~ nu 
CTRLZ |. Direct: Peripheral Control | | 
CTRLZCTRLZ SBC Module RAM Self Test 

CTRLC -. Clear Display And Home Cursor 

CTRL N Home Cursor 


или: Registers .. 


Display Reaister Contents 
_ Display/Alter Accumulator > 
Lu Display/Alter Processor Status 
" "Display/Alter Stack Pointer 
г —Display/Alter X Register 
:::CDisplay/Alter Y Register: 
Display/Alter Program Counter. 


<x OS i 


Display/Aher Memory 


M 22% EN p "Display Selected Memory Contents: 
SPACE ` Display Higher Memory Locations . 
— V · Display Lower Memory Locations 
/ и uh Alter Current Memory Contents 


EnterDissssenle Instructions - 
Enter Mnemonic Instruction 


| 
K Disassemble Memory 
; | Enter Symbolic Address 


<IS NO 


Execution/Trace 
Execute Program 
Toggle Instruction Trace 
Display Register Heading 
Display Jump and Branch History 
| Toggle Symbol Table On/Off 


Breakpoint Manipulation 


Display Breakooinis 

Clear Breakpoints 

Toggle Breakpoint Enable On/Off 
бе! Breakpoint 


орз > 
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O-Hoco»g^o-mrc 


F 


CTRL p 


PRINT — 
1 р 


и 


‘Load/Dump Memory 


_ Load Memory 


- Dump Memory 
Ды Метогу 


Peripheral Соло! 


ON Toggle Auto: -Print омон. 
` Print Display Contents ` 
Toggle Recorder 1 Control On/Off 


Toggle Recorder 2 Control On/Off. 
verity Таре Checksum "m 


Screen Oriented commends 


or CTRL а) 


1 ( 
= (оғ CTRL А) · 
F3 ( 


оғ CTRL 5) 
Ғ4 (ог CTRL Т). 


F5 (ог CTRL Ц). 
F6 (ог CTRL V). 
Е? (ог CTRL W) - 


F8 (or CTRL X) 
CTRLA _ 
CTRLB _ 

CTRL D 


Hone Cursor on "^in 


Clear Line to Right. 


Toggle insert Mode On/Off 

Delete Character Under Cursor. 

Move Cursor Left (Left Апом) |. 
Move Cursor Right (Right Arrow). 
Move Line/Cursor Down (Down Атой) 
Move Line/Cursor Up (Up Arrow), - 

Add (Insert) a Line 


‘Break a Line 
EN _ Delete a Line, 


TEXT ' EDITOR COMMANDS 


Editor Control Commands 


S 

Q 

ESC 

+ 
СТА С 
CTRL N 


Enter Screen Edit Mode 

Quit Editor and Enter Monitor 
Return to Editor Command Level 
Repeat Last Command 

Clear Display and Home Cursor 


Home Cursor 


Line Oriented Commands 


PACE) 


F7 (or CTRL W) 
F8 (or CTRL X). 


List Multiple Lines 


Read Multiple Lines 
Insert One Line 
Overlay Current Line 
Delete Multiple Lines 
Display Current пе“ 
Display Current and Last Line Addresses 
Go to Line Number 

Go up Multiple Lines 
Go down Multiple. Lines 
Go to Top Line . 

Go to Bottom Line | 


. Go Down One Line 
‚ Go Up One Line 


ДІМ 65/40 Microcomputer 


65/40-2000, -3000, -4000 and -5000 


DEVELOPMENT MODE 


AIM 65/40 
мо ROM (1) 
| АМ 65/40 
8005 1.0 ВОМ (4) 


OPTIONAL AIM 65/40 
HIGH LEVEL LANGUAGE ROMs (3) 


AIM65/40 
DEBUG/MONITOR 
& TEXT EDITOR ROMs (2) 


.USER AVAILABLE 


б а и —- —- 


АМ 65 ВАМ (3) 
| ^ MONITOR RAM (2) 


———— | — — — — 


PAGE ZERO DATA 


C000 
B000 


A000 


6000 | USER AVAILABLE 


Notes: 
(1) 


| Ж | ON-BOARD 
RUN-TIME MODE | PROM/ROM & RAM 
| ИО ROM (1). 
ОМ ғ000 | 
+ 4 
E000 BDOS 1.0 ROM (4) 


OPTIONAL АМ 65/40 - 
HIGH LEVEL LANGUAGE ROMs (3) 


PROM/ROM 
EXPANSION. 
(28K) 


12K 


C000 


16 


Хх 


8000 


НАМ 
ЕХРАМЗЮМ 
(32К) 


16K 


4000 


12K 


OPTIONAL LANGUAGES (3) 


PAGE ZERO DATA 


AIM 65/40 System peripheral lO addresses are assigned ‘to 
FF80-FFDF. х 


User available during application program operation if the debug 
and text editor functions are not used. 


User available if the optional language and the RM 65 expansion 
module ROMs are not used. Ж” | 


Requires RM65-5101E Floppy Disk Controller (FDC) module. 
56K bytes of RAM (0 - SDFFF) is available for disk-based 


assemblericompilers and user programs. ИО ROM and BDOS 1.0 
ROM require 8K bytes ($E000-SFFFF). 


AIM 65/40 SBC Memory Map 
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RAM 

COMMON TO 

BOTH BANKS 
(4K) 


PROM/ROM 
DEDICATED TO 
BANK 0 OR 
COMMON TO 
BOTH BANKS 
(20K) 


RAM 
DEDICATED TO 
BANK 0 OR 
COMMON TO 
BOTH BANKS 
(44K) 


ROM & I/O 
COMMON TO 
BOTH BANKS 

(ак). 


А65/40-2000, -3000, -4000 and -5000 ___ 222222 AM 65/40 Microcomputer 


SBC Module Connector J1 (Parallel Application) Pin Assignments 


БЕНЕН БЕС” [| e [= [= [ s [= 


< NC/45V* 


NC/--5V* 


Note: "Pins 2 and 40 can be optionally jumpered to --5V (maximum current through each pin should not exceed 200 mA). 


SBC Module Connector J2 | | | SBC Module Connector J3 
(Serial Application) Pin Assignment (Audio/TTY) Pin Assignments 


RS-232C 
| RS-232C 
RS-232C . 
RS-232C 


TTY RTS | 
Inv. 
‚ТТУ RD | 
TTY RTN 


| AUDIO OUT. 
AUDIO IN | 

| CTRL 2 АТМ. 
CTRL 2 
CTRL 1 RTN | 
CTRL1 ^ 


RS-232C 
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 AGS/40-2000, 23000, -4000 and -5000 | 


“© Signal 


Mnemonic | |. 


i| +12V/+V 


| GND 
| BDMT/ 


| Note: “Мо! used on the SBC. Signal name reflects RM 65 Bus reserved function. 


. Not Connected | 


Bottom older зна) 
| Signal Name | 


+5 Мас Line (See Note) | 
Ground | | 
Buffered Bank Address 


_ Ground 


Buffered Address Bit 13 
Buffered Address Bit 11 


.: Buffered Address Bit 10 


Buffered Address Bit 8 
Ground | 
Buffered Address Bit 5 
Buffered Address Bit 3 


- Buffered Address Bit 2 


Buffered Address Bit 0 


· Ground 


Buffered Set Overflow | 
Buffered Ready 
*User Spare 1 
*+12 Vde/+V 
Ground Line 
*Buffered DMA Terminate 


- *User Spare З · 


Buffered Read/Write "Not" 
*System Spare 

Ground 

Buffered Interrupt Request — 
Buffered Phase 2 "Not" Clock 
Buffered Phase 2 Clock 
Buffered Data Bit 7 

Ground 

Buffered-Data Bit 4 . 
Buffered Data Bit 2 

Buffered Data Bit 1 


` +5 Мас 


+5 Мас (Зее Note) 


T | Not Connected 
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· Buffered Address Bit 6 


| САМ 165/40 Microcomputer Т | 


SBC. Module > Connactbi- 44 мв 65. Bus) i Pin кемен P 


NE | “Signal и. 
: Mnemonic 


| Not Connected 


Top (Component Side) 
| Signal Name 


+5 Мас (See Мое). 
+5 Мас Г. 

Buffered Address Bit 15 
Buffered Address Bit 14 
Buffered Address Bit 12. 
Ground B 

Buffered Address Bit 9 
Buffered Address Bit 7 


Buffered Address Bit 4 
Ground " 
Buffered Address Bit 1 
Buffered Phase 1 Clock 
Buffered Sync 
*Buffered DMA Request 1 
Ground 0 
* —12 Vdc/ -V 
*User Spare 2 
Buffered Bus Float 
*Buffered азы Phase 0 Plock 1 
Ground: | 
*Buffered DMA Request 2 
Buffered Read/Write . 


оо 0000 ооо 


· Buffered Bus Active 


Buffered Non-Maskable interrupt 
Ground 

Buffered Reset 

Buffered Data Bit 6 

Buffered Data Bit 5 

Buffered Data Bit 3 

Ground | 


. Buffered Data Bit 0 


Ground | 
+5 Vdc (See Note) 
Not Connected 


А65/40-2000, -3000, -4000 and -5000 АМ 65/40 ) Microcomputer 


| PAPER FEED (2) i 


RES 
PBI 
PA7 
PA6 
РА5 
. PA4 
. РАЗ 
PA2 
PA1 
РАО 


СА2 


SBC module: Connector J5 (Printer Pin л Assignments 


‘Printer . 


PAPER FEED (2) 
RES . сад | 
STROBE 
 Data7 _ 
Data6 
Data 5 
Data 4 
Паја 3 | 
Раја 2. - 
. Data 1 
| Data 0 
NC. 
АСК 


оооооооооо о . 


| Notes: (1) Maximum --5V current through J5 sheuld not exceed 200 mA per pin. 
(2) Connected to J7-39 through j ll it W3. - 


PAPER FEED (2) 
RES 
PBO 
PA7 
PAG 
РАБ 
_РА4 
РАЗ 
РА2 
РАТ 
РАО 


СВ2 


SBC Module Connector J6 (Display) Pin Assignments 
Printer 


PAPER FEED (2) 
RES 
STROBE 
Data 7 
Data 6 
Data 5 
Data 4 
Data 3 
Data 2 
Data 1 
Data 0 
NC. 
ACK 


ооооооооооо 


Notes: (1) Maximum +5V current ООВ J6 should not exceed 200 mA per pin. | 
| (2) Connected to J7-39 through Jumper 4 W3. 
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А65/40-2000, -3000, -4000 апсі -5000 MEC. “AIM 65/40 Microcomputer 


SBC Module Connector J7 (Keyboard) Pin Assignments 
Keyboard 


лае об0О0ОВОО- > 


РАРЕН ЕЕЕО 


Notes: (1) Pins 2 and 40 сап be optionally jumpered to + 5М (maximum current through each pin should not exceed 200 mA). 
(2) Pin 1 can be optionally jumpered to the RESET circuit or to СВ. 
(3) Pin 3 can be optionally jumpered to the NMI circuit or to CB1. | 
(4) Pin 39 can be optional nde as PAPER FEED or to САТ. 


NMOS INTERFACE (input Voltage = +5.0\, TA = 25°С) 


om ро ее ри ре 9 


Input High Voltage 
Input Low Voltage 


Input High Current 
(Мн = 2.4V) 

Input Low Current 
(М. = 0.44) 

Output High Voltage 
(Подо = —100А) 


Output Low Voltage | 
(loan = —3 mA) 


Output High Current (Sourcing) 
(Мон = 2.4V) 
(Мон 2 1.5V, VIA PBO-PB7 only) 


Output Low Current (Sinking) 
(Мо, = 0.4У) 


ТТІ. — Industry standard LS TTL. 3S TTL — Industry standard Tri-State LS TTL. 
OC TTL — Industry standard Open Collector LS TTL. TP TTL — Industry standard Totem Pole LS TTL. 
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A65/40-2000, -3000, -4000 and -5000 _ —  AIM 65/40 Microcomputer 


SPECIFICATIONS 


Parameter 


Dimensions 


11.85 in. (301 mm) 


Width 
Length” 19.75 in. (502 mm) 
Неја 2) 4.біп. (117 тт) 


Shipping CHE | | 
Size 1 12.5 in. (320 mm) x 16.5 in. аа mm) x 15 in. ous mm) 
‚ Weight | = 13.3 Ib. (6 kg) 


Weight | | | | | 
With Printer — А | | p 416. 4 oz. (1.58 kg) 
Without Printer |. 3.402. (1.21 kg) _ 


Environment 

"Operating Temperature рай, 
With Printer | | Q?C to 50°С 
Without Printer | | 0°С to 70°C 

Storage Temperature | | 
With Printer | 0°С to 70°С 
Without Printer —25°С to 85°С 

Relative Humidity NP 0% to 85% (without condensation) 


Power Requirements 
With Printer 


45V +5% regulated @ 2.6A (typ); 3. 4А (тах.); 3.4А (peak)? = 
+24V (+3.6V, —2.6V) unregulated. @ 2.5A (typ); 4.0А (max.); 6.3A (peak) ^ 
‚ +5\У +5% regulated @ 1.8A (typ); 2.4A (max); 2.4A (peak) 3) 


Without Printer 


Interface Connector 
J1 (Parallel Application) 


40-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 
40-pin 3M #3432-1002, or equivalent, mass terminated connector. 


J2 (Serial Application) 26-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 


25-pin AMP #206584-1, or equivalent, mass terminated connector. 


20-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 
20-рт ЗМ 43492-1002, or equivalent, mass terminated connector. 


J3 (Audio/TTY) 


4 (RM 65 Expansion) 72-pin edge connector (0.100 in. centers). Pre-drilled holes for installation of 
a 64-pin DIN 41612 Euroconnector or 72-pin TI H42-51-11-36, or equivalent, 


connector to directly mate to one Rockwell RM 65 module. 


40-pin ЗМ #3495-1002, or equivalent. Mates with ЗМ #3418-0000Т, or 
equivalent, ribbon cable connector. 


40-pin ЗМ 33495-2002, or equivalent. Mates with ЗМ #3418-0000Т, or 
equivalent, ribbon cable connector. | 


J7 (Keyboard) 


J5 (Printer) and 
6 (Keyboard) 


Notes: | 

1. Specified for 2 т. separation between keyboard and 5ВС modules. Тһе length may be reduced if keyboard and SBC modules are омепарреа/ 
canted or may be extended by installation of a longer interface cable. A cable up to four feet in length may be installed. 

2. Specified for the printer mounted to the SBC module on 1 in. standoffs. The printer may be mounted up to 2.5 in. above the SBC module using 
the installed 3 in. cable or may be installed to operate with a cable up to four feet in length. 

3. Power requirements are specified for 8 PROM/ROM devices (32K bytes) 0.6А (typical) and 1.2A (maximum) total, and for 16 RAM devices 
(32K bytes) with 0.9A (typical) and 1.7A (maximum) total, installed. 

4. +24М peak current specified as worst case with printer duty cycle of 75%. 


For most cases, а +24V 4A Bower supply is sufficient. 
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`А65/40-2000, -3000, Айю, -5000 - 


; RE FERENCE DOCUMENTS 


| The following product literature is available, for further’ product | 


information. 


Order Number ES 


| Document Title : 


A65/40-0200, A65/40-0210 Standard 


and Extended Keyboard Data Sheet 


A65/40- 0400 40- Character Display Data 


Sheet . 

А65/40-0600. Graphic Printer Data 
Sheet ^^ 

A65/40-0800 Video Display Controller 
Module Data Sheet 


A65/40-1000 Single Board Komputer 


Module Data Sheet. | 
А65/40-7010 Assembler ROM 


| А65/40-7012 Macro Assembler and 


Linking Loader | 
А65/40-7020 BASIC Interpreter ROMs 


IE А65/40-7024 BASIC Compiler  : 
’.А65/40-7040 Math Package ROMs 


Аб5/40-7050 FORTH ROMs 


_ Аб5/40-7052 FORTH Target Compiler - 


A65/40- 7090 Disk Operating System 
Version 1.0 ROM : 

A65/40-7092 Bootstrap Disk Operating 
System Version 1.0 ROM... 
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AIM 65/40 Microcomputer _ 


2% 


Rockwell 


_Аб5/40-1000 | 
| АМ 65/40 Microcomputer ба Е 


A65/40- 1000 


САМ 65/40 SINGLE BOARD COMPUTER | 


OVE RVIEW | 


The A65/40- 1000 Single Board Computer (SBC) is one of the 
. hardware options available Тог the АМ. 65/40. Microcomputer 
] family. | 


The SBC is an extremely flexible and adaptable microcomputer Ў 
опа single board. Memory sockets accept up to 65K bytes of - 


read-only and read/write memory on the board. Three installed 
peripheral ribbon cable connectors, as.well as three user ded- 


icated application edge connectors, provide extensive and ver- ` 
satile parallel and serial interfaces for use in industrial, scientific 
and educational installations. The RM 65 Bus compatible expan- · 


sion connector allows additional memory, УО, peripheral con- 
troller and application modules to be easily connected. | 


Up: to 32K bytes of PROM/ROM. and up to 48K bytes. of RAM. | 


may be installed on-board. All on-board memory may be ena- 


bled in 4K-byte blocks, yielding.an optimal mix of on-board/off- . 
' board memory and I/O to be addressed. Тһе НАМ may also be © 
write-protected in 8K-byte segments. Dual bank addressing - 


allows.an additional 56K bytes of memory or /O to be accessed 
off-board. 


The display and printer interfaces connect through interface 
cables to the A65/40-0400 40-Character Display and the 
‚ Аб5/40-0600 Graphics Printer over identical Centronics type 
parallel handshaking interfaces. The keyboard interface con- 
nects to the A65/40-0200 Standard Keyboard through an inter- 


face cable. These peripheral ports may be used as general | 


purpose bidirectional data ports with parallel, serial, interrupt 


2, WX and timer capabilities controlled by user programming of two on- 
го board 86522 Versatile Interface Adapter (VIA) devices. | 


ub In addition,’ a separate user-dedicated R6522 VIA interfaces ee 
КЕ > With the Parallel Application connector. The high current drive - 
. capacity of the VIA's eight “В” port lines can directly drive many 


. industry-standard devices, such as solid state relays. The 


- RS-232C Connector provides an interface that allows the SBC 


to function as.a data set or data terminal: An Audio/TTY Con- 


‚ „ Rector can be used to attach one or two audio cassette recorders, 
for program or. data storage, and. а 20 mA current loop 


Е teletypewriter. 


< The A65/40- 1000 SBC comes with a 4K- ‘byte Vo ROM installed. 
Y Preprogrammed auto-start initialization, interrupt, input/output 
сапа utility functions support user-defined programs as well as 
AIM 65/40- optional | firmware/software.  Auto-start initialization 
. jumps to predetermined PROM/ ROM addresses during RESET 

. processing. The application program can assume direct control 
ofthe SBC for continued operation, or it can. just initialize required 
functions, then return control back to the І/О ROM for continued 
auto-start of other functions. УО drivers directly support AIM 
65/40 intelligent чау апа printer peripherals. 


FEATURES 


• Роршаг апа Powerful 6502 СРЏ 
e Extensive On-Board Memory: . 
—Up to 48K bytes of RAM, with write- protect 
—-up to 32K bytes of. PROM or ROM 
e Extended and Flexible Addressing 
— 131K addressing, in two 65K-byte banks 
| — Dedicated or shared bank addressing 
—On-board/off-board. memory. select 
User-Prioritized Interrupts—Up to six levels 
Installed УО Driver ROM ^  - | 
_ —Interrupt driven AIM 65/40 peripheral I/O handlers 
— User program auto-start initialization . | 
— Utility subroutines-and user. VO. driver linkage 
Two System Display/Printer Connectors . 
‚ — Centronics type parallel handshake 
--АІМ 65/40 40-character display compatible 
— AIM 65/40 graphics printer compatible 
e Full-Size Keyboard Interface | 
— General purpose parallel interface 
—AIM 65/40 keyboard compatible 
Parallel Application Interface 
-- Н6522 Versatile Interface Adapter (VIA) 
— Two 8-bit parallel bidirectional data ports 
—Two 2-bit handshake control ports 
—Two programmable 16-bit counter/timers - 
—8-bit serial interface — 
RS-232C Serial Application Interface 


— R6551 Asynchronous Communications Interface Даар 
(ACIA) with programmable data rate to 19,200 baud 


— Configurable as data set or data terminal 

20 mA Current Loop Serial Interface 

Interface to Low Cost Audio Cassette Recorders. 
— Remote on/off control through on- -board relays - 
—AIM 65 format compatible 

On-Board Piezo- Electric Speaker 

— Programmable tone and duration 

TOV Operation 


Document No. 29000077 


Data Sheet Order No. D77 
Rev. 1, CLE 1983 


А65/40-1 000 | 


Single Board Computer | 


FUNCTIONAL DESCRIPTION | 


CENTRAL PROCESSING AND CONTROL 


^ The A65/40- 1000 SBC contains a central processing unit (CPU), | 
decoders, read/write memory, read-only memory, peripheral | 


interface devices, application interface circuits, expansion bus 


drivers апа support: спеше лай connecied 02908 Yy an 


| internal system bus. к 


The. R6502 CPU, with its advanced pipeline architecture and 13 
~ addressing modes for fast execution and memory efficiency, 


. performs the. central processing. A1 MHz system operating fre- 
quency is derived from: a Glock circuit Ур ns" a 16 MHz ter 
| erence crystal. 


| The. RESET conditioning circuit shapes the RESET ‘son 
received from the on-board RESET switch or the Keyboard Con- 


 песіоггапа generates the system reset (RES) for the CPU, on- - 


board ИО devices, the off-board peripherals and the expansion 
bus. It also generates the RES ‘signal at power turn-on. 


The Single Step circuit, езы under software control dows 
СРЏ monitored single instruction execution through user pro- 


grams located below $A000. When enabled, a Non-Maskable 
Interrupt (NMI) is generated upon execution of each instruction 


to allow an interrupt subroutine to perform debug functions, such i 


саз disassembly of the instruction and display of register contents. 


The Interrupt Request Priority айу prioritizes individual 
- interrupt requests (IRQ) from six sources—the System R6522 
_ VIA, the Keyboard R6522 VIA, the Application R6522 VIA, the 
Application R6551 ACIA, the RM 65 Bus, and the on-board RAM 


The RAM Refresh and Timing Control circuithy бойго ао 


and data timing for RAM memory accéss, and provides trans- | 
parent refreshing of the dynamic RAM devices. -Writé ` protect 5 


· Switches allow the RAM to be selected for read-only- 'access, 


- . with independent. protection of. вк byte sections (except for the 


lowest 8K which contains. page 0 and page 1). An attempted ди 


write into any protected В, RAM location will gone n a write abe 


| tect interrupt request (IRQ). —. и 


10. HARDWARE 


Two system R6522 VIA devices support three аео ports 


display, printer and keyboard. Common /О data lines and зер- 


 arate.control lines are routed from the System VIA to the Display : 


and Printer Connectors. Both common or unique data сап easily | 
be transferred through the System VIA to the interfacing periph- 
erals since the handshaking control lines are separately: han- 
dled. The System VIA also controls data transferred to апа from 
audio cassette recorders as well as on-board relays to remotely 


О turn the recorders on and off. Each МА provides two. 16- bit | 


Write Protect circuitry—into a system IRQ. Each ТАД can Бе. _ 


assigned any priority relative to the others by wiring the Interrupt 
¿Request Priority Header. The Interrupt Request Priority Mask 
‘inhibits generation of the System IRQ to the CPU for individual 


-interrupt ues assigned below a software selected priority _ 


ji dim 


E The On- board Device Decoder. generates device select signals 


| for all on-board RAM, ROM or I/O access. The PROM/ROM апа - 


| ‘RAM select. switches allow Independent on- -board/off-board 
E Selection of each 4K-byte block. ! 


| | Programmable. Bank Videns creates two 65K- m banks, | 


for an effective addressing range of 131K bytes with the RM 65 


| ‘Bus Expansion Connector. The: upper. АК bytes containing the | 


: VO ROM, and the dower. 4K bytes containing the R6502 stack | 
CRAM, are always. common to both Bank 0 and Bank 1. Ап - 
additional 20K bytes of PROM/ROM may be assigned common - 


_ to both banks, or dedicated to Bank 0, оп 4K-byte boundaries 
with the Bank Selection jumpers. The remaining PROM/ROM 
| йла RAM | і5 dedicated to Bank 0. 


MEMORY: | 

_ Eight 24-pin PROM/ROM socketa allow installation of up to 32K 
bytes of PROM/ROM. PROM/ROM . ‘size jumpers set up the 
Sockets to accept 8K- or 4K- -byte devices. The on-board RAM 


-can be expanded up to 48K bytes using industry standard 16K 
^X 1 dynamic RAM devices in 24 16-pin sockets. 


Almericounters and an 8-bit serial shift register. “a 


| А separate R6522 VIA TTA with the Кеувозка с Сайрай 
_ and the on-board speaker amplifier. Nine keyboard strobe тез — 
are output from the keyboard VIA to the keyboard and another. | 


eight return lines are input. The eight return lines are also ored 


_ together and connected to the МА to cause. а ККА РО 


woen a r is EPRA 


| The third R6522 VIA i is dedicated to user TN АН 16 data 


and 4 control lines are routed directly to the Parallel Application 
Connector. The Application VIA provides two 8-bit bidirectional 
data ports with handshake control and allows the data direction: 
of each port bit to be individually assigned. One of the data lines | 
may be configured as a serial line to an 8-bit shift register with 


' three input and four output modes. Two independent 16-bit ^ 
_ timer/counters in the R6522 with four modes in Timer 1 апа: · 
.. three modes in Timer 2 support numerous internal and external =- 
_ timing and clock functions. Two data ports associated with the’ _ 
timers allow various input/output functions to- be [атте ue 


such as rectangular wave form рада апа sampling. 


In addition to the. рагайе! interfaces, a user dedicated serial | 


Z interface is provided in both RS-232C and 20. mA forms. Ап. 


R6551 Asynchronous Communication Interface Adapter (AC А) | 


device connetts to RS-232C and 20 mA current loop interface | 


circuits. On-board jumpers configure ће R6551 АСІА to operate ~. 
as either a data set or a data terminal. The 86551. ACIA, with 
its internal data rate generator,.may be programmed t | 


. the 16 rates (from 50 to 19 ,200 baud). Additional p | а 
· trol of word length: (5, 6, 7 or 8 bits), number of stop bits (1, 1% Я у" 
ог 2) апа рагйу (ода, еуеп ог попе). is also provided. | ы.” 


Тһе RS-232C Interface circuit converts the TTL level signals to i 


_ RS-232C voltage levels and routes the signals to the RS-232C _ 


Connector. The TTY Interface circuit converts TTL level signals 


_ 10 20 mA current signals arid routes the signals: to the Audio/ _ 


TTY Connector. The TTY receive data and transmit data lines 


operate in рашы with the RS-232C lines. 


Line driver and tri-state circuitry interface with the. on-board * 


` address, data and control lines to interface with the Expansion ` 


__ Connector. Both the address lines and data lines are inverted ` 
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А6540. 1000 


Single Board Computer | 


to: be правые with the Rockwell RM.65 Bus. Deta and control 
- lines. are connected to. the. Bus Control. line from the Expansion 


| Connector so.they can be disconnected from the bus during off- 
* board. ОМА тааш | | | 


ІМТЕНҒАСЕ CON NECTORS 


. The two identical 40-pin- Display and Printer connectors alow 


display and. printer functions to be easily interchanged, ог 


duplicated if two. displays ог two printers are connected. These 
connectors are directly compatible with. the A65/40-0400 40- 
: Character Display and the A65/40-0600 .Graphics Printer—or 


they: тау: Бе connected to other Centronics type interface-com- 
patible equipment. +5V is routed to the connectors for use by 
the. interfacing peripherals. The display: and printer connectors 
are-mounted vertically on: the front half of the SBC to con- 


Е vementiy, connect to the printer and display шенесе cables. 


Е Тһе 40- -pin Keyboard. Сова connects the 47 VO lines from ^ 
the Keyboard | VIA to the keyboard interface cable. ‘Keyboard 
` RESET and:Non-Maskable Interrupt (NMI) lines are routed from 
^ the connector to the Reset Conditioning and Single Step circuits . 


í respectively, The Paper, Feed signal from the keyboard may be 


| “routed directly to the display. апа printer. connectors, ог to the. 
Keyboard VIA. Mounted horizontally on the front of the SBC, the 


. . connector allows easy connection to an interfacing cable from 
the А65/40 кла or Tom апу omer papa e пад 


The application, audio/TTY and expansion bus signals : are routed 
to four edge connectors. The pins.on each connector are spaced | 
at standard 0.100. inch separation for direct. connection. to mass - 
terminated cable connectors. Mounting holes are ies Provided 
to allow installation of other connectors. | | 


Тһе 40-ріп Parallel Application Connector connects to I/O lines 
routed directly to the Application R6522 VIA. In addition, +5V 
“сап be supplied to the interfacing. equipment through ап on- . 

board jumper, | 


The 26:pin RS-232C Connector connects to lines from the RS- 


. 232С Interface circuitry. A standard 25-pin D-type connector. ` 


can be installed. The 20-pin Audio/T TY Connector interfaces 
with audio data and control lines from the Audio Cassette Inter- 
face circuitry and 20 mA current loop lines from the TTY, Inter- 
face ак у: TAN ЖЕ . 


|» The 72-pin Expansion Connector interfaces to lines. fron the RM. 


65 Bus interface.’ Ап RM 65-AIM 65/40 Buffer: Модие; P/N 


z RM65- -7140(E) can be connected to the Expansion Connector 


to interface with a Rockwell RM 65 card page тыге board 


| VOLTAGE CONVE АТЕВ . 


|. The DC-DC Voltage Converter generates. all Siren on- кода 

ae voltages from the +5 volt supply. The +12V and —12V are used У 
-by the RS-232C Interface Circuit, while +12V and -5V аге 

_ required. y the ради, RAMs. | 


NMOS Interface (Input Voltage = +5.0М, ТА = 25°C) 


Input High: Voltage 
- Input Low Voltage 
- Input High Current 
(Мин = 2.4V). 
Input Low Current 
(Ми, = 0.44) 
| Output High Voltage 
(подр < -100 A) 
Output Low Voltage. 
(подр = =3 mA) | 


- (Мон = 2.4V) H 
(Ман = 1.5V, VIA PBO- PB7 E 
Output Low Current apis 

— (VoL < 0,40) 


табу standard LS TTL. 
Industry standard Open Collector LS TTL. 


"Notes: TTL. 
MES. Tib a 


— 


Output High Current (Sourcing) | | 


Industry standard Tri-State LS TTL... 


Industry standard Totem Pole LS TTL. 7, 


ТР TTL — 
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А65/40-1000 


_ DEVELOPMENT MODE 


. Optional AIM 65/40 _ 
High Level Language ROMs (3) 


AIM 65/40. 
Debug/Monitor 
& Text Editor ROMs (2) 


9000 


USER AVAILABLE 


1000 


Optional Languages (3) 


— Hà — =— 
—_ OD 0 EAE _ — 


— =e e кызы оиын» 


Page Zero Data 


|. AIM 65/40 "s 
22-2 VOROM (1) 


` RUN-TIME MODE 


AIM 65/40 
' 1/O ROM (1) 


Optional AIM 65/40 
_ High Level Language ROMs (3) 


USER AVAILABLE 


ОРИ Languages (3) 


Раде Хего Deta | 


Notes: (1) АМ 65/40 System peripheral І/О addresses аге assigned to FF80 - FFDF. 


(2) User available during application program operation if the debug and text editor functions are not used. 
(3) User available if the optional language and the RM 65 expansion module ROMs are not used. 


Single Board Computer | 


.. ON-BOARD . 
‚ PROM/ROM & RAM 


ио вом (1) -- 


PROM/ROM ` 


EXPANSION __ 


(28K) . 


RAM 
EXPANSION 
(32K) 


. Connector J1 (Parallel Application) Pin Assignments 


_ ROM & 1/0 


, COMMON TO 


BOTH BANKS 
(4K) 


PROM/ROM 
DEDICATED TO 
BANK О OR | 
COMMON TO 
BOTH BANKS 
(20K) | 


ВАМ 
DEDICATED ТО 
ВАМК ООН 
|" COMMON TO 
BOTH BANKS 
(44K) 


ВАМ | 
COMMON то 
ВОТН ВАМК5 

“ (аку: 


А65/40-1000 | Single Board Computer 


септеле 42 == Application) | Ріп TTL Connector J3 (Audio/T 10 Pin Assig nments 


ТТУ RTS 
TTY TD . 
TTY RD 
-TTY АТМ 
- AUDIO OUT 
AUDIO IN. 


CTRL 2 RTN 
CTRL 2 
CTRL 1 RTN 


| RS-232C CTRL 1 


Signal 

‚ Mnemonic 
+5V 
GND 
BADR/ 
GND 
BA13/ 
-ВА11/ 
ВА10/ 

| ВА8/ 

| GND 
BA5/. 
ВАЗ/ 
BA2/ 
ВАО/ 
GND 

| BSO 
BRDY 


+12 М+М. 
GND 
BDMT/ 


BR/W/ 


GND 
BIRQ/ 
ШЕЛ 
822. 
BD7/ 
GND 
BD4/ 
BD2/ 
BD1/ 
+5V 
| +5V 


Connector J4 (RM 65 Bus) F Pin Assignments | 


вонот (Solder Side) 


Signal Мате | | 


Not Connected · 


4-5 Мас Line (See Note) 


Ground 
Buffered Bank Address: 
Ground 


Buffered Address Bit 13 : 


Buffered Address Bit 11 
Buffered Address Bit 10 
Buffered Address Bit 8 
Ground 

Buffered Address Bit 5 
Buffered Address Bit 3 
Buffered Address Bit 2 
Buffered Address Bit O 
Ground 

Buffered Set Overflow 
Buffered Ready 


“User Spare 1 

*412 Vdc/+V 

- Ground Line 

*Buffered DMA Terminate 
*User Spare 3 
` Buffered Read/Write "Not" 
*System Spare 


Ground 


Buffered Interrupt Request 
Buffered Phase 2 "Not" Clock 


Buffered Phase 2 Clock 
Buffered Data Bit 7 - 
Ground . 

Buffered Data Bit 4 
Buffered Data Bit 2 _ 
Buffered Data Bit 1 

+5 Мас . 

+5 Мас (See Note) | 
Not Connected 


BDRQ1/ 


GND - 
--12 М-М 


BFLT/ 
в 0 
GND 
BDRQ2/ 
| BRW 
ВАСТ/ 
BNMI/ 
GND 
с | BRES/ 
c | В06/ 
BD5/ 
BD3/ 
GND 
BDO/ 
GND | 
+5V 


Note: "Not used on the SBC. Signal name reflects RM 65 Bus reserved function. 
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Тор (Component Side) 


- Not Connected 

+5 Vdc (See Моје) 

+5 Мас 

Buffered Address Bit 15 
Buffered Address Bit 14 
Buffered Address Bit 12 
Ground 

Buffered Address Bit 9 
Buffered Address Bit 7 
Buffered Address Bit 6 


Buffered Address Bit 4 


Ground 
Buffered Address Bit 1 


^" Buffered Phase 1 Clock 


Buffered Sync | 


“Buffered DMA Request 1 


Ground 


*_12 Vdc/ -V 
*User Spare 2 


Buffered Bus Float 


*Buffered External Phase 0 Clock 


Ground 


*Buffered DMA Request 2 


Buffered Read/Write 


‚. Buffered Bus Active 
Buffered Non-Maskable Interrupt 


Ground 
Buffered Reset A 
Buffered Data Bit 6. 


` Buffered Data Bit 5 


Buffered Data Bit 3 


. Ground 


Buffered Data Bit 0 
Ground 

+5 Vdc (See Моје) 
Not Connected 


-00 0000 ооо 
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Connector J5 (Printer) Pin Assignments 


PAPEHFEED (2) Б PAPERFEED (2) 
RES | RES 
PB1 STROBE 
PA7 Data 7 
PA6 | Data 6 
РА5 Data 5 
РА4 | Data 4 

. РАЗ Data 3 
РА2 - Data 2 
РАТ Data 1 
РАО | Data 0 

NC. 

CA2 © Шәй _ АСК 


оооооооооо 


Notes: (1) Maximum +5V current through J5 should not exceed 200 mA рег ріп. (2) Connected to J7-39 through jumper W3. 


Connector J6 (Display) Pin Assignments 


PAPERFEED (2) PAPERFEED (2) О 
НЕ5 RES О 
РВО STROBE О 
РА7 Data 7 О 
РА6 · Раја 6. О 
РА5 Data 5 O 
РА. Data 4 о. 
РАЗ Data 3 о. 
РА2 Data 2 О 
РА1 Data 1. о. 
РАО: Data 0 о. 
| МС 


| CB2 ACK 
| Notes: (1) Maximum +5V current through J6 should not exceed 200 mA per pin. 


(2) Connected to. J7-39 through jumper r WS. 
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A65/40-1000 =~ A TN E Single Воага Сотршег | 
2 | | Connector J7 (Keyboard) F Pin дали ЕЕЕ | s 
кона. Е | | 


ТӘНТІ 
GND > 
GND © 
. GND 
GND... 
GND > 
GND. 
-GND ~. 
GND 
GND 
GND 
GND - 
GND 
GND .. 
GND 
ОМО. 
GND 
GND 


RES: 
ATTN 
MSB7 
MSB6 
MSB5 
MSB4 
MSB3 
MSB2 
MSB1 
MSBO 
MRT7 
__ MRT6 
· МАТ5 | 
„МАТА |. 
_ МАТЗ > 
MRT2 
МАТ 
~ МАТО 
. MSB8 GND 
- PAPERFEED NC/+5V_ 


1) Pins 2 and. 40; can be optionally пен to 45V (maximum current. trough вае ріп should not exceed 200 mA). 
2) Pin 1 can be optionally jumpered to the: RESET circuit or to: CB2. | 

3) Pin 3 can be optionally jumpered to the NMI circuit or to CB1. | 

4) Pin 39 can be. ошау jumped as PAPERFEED or to CAI, 


i] ----------ceeeeeoe--la} | 


4 Notes: 


( 
( 
( 
( 


Ер 


етен 


Dimensions 
Width 
Length 
„Height 
Weight 
Environment | | 
| Operating Temperature 
‚ Storage Temperature ` 
< Relative Humidity — 


‚11.85 іп. (301 mm) 
212.5 іп. (318 mm) 
0.75 . (19 mm) 


1.0 Ib. (373 9) 


.0°Cito 70°C, `. 

—25*C to +85°С : 
20% to 85% (without condensation). | E 
‚+5: +5% Regulated; 2.5A (typical); 3.5A (max.) 


2 Post Bene 


‘Power Requirements 


| Ромег Соппестог | | 


Interface Connector 
КІ (Parallel Application) 


_ 40-pin edis connector (0:1 100 in. centers). Pre- drilec holas fori installation of 40-pin 3M #3432- 1002; ог“ 
equivalent, mass terminated connector. 
. 26-pin edge connector (0.100 in. centers). Pre- drilled holes for installation of 25-pin АМР #206584-1, ог, 
ЖТ equivalent, mass terminated connector. : 
К 20-ріп edge’ connector (0.100 іп. centers). Pre-drilled holes for installation ef 20- -ріп 13M. #3492- 1002 с or. 
equivalent, mass terminated connector. = 
72- -pin edge connector (0.100 in. centers). Pre-drilled. holes for installation of a 64-pin DIN 41612 _ 
: Euroconnector or 72-pin T H42-51-11 -36, or Suse connector to directly mate to one Rockwell НМ 65 
_ module. | 
| 40-ріп 3M #3495- 1002, or увери Mates with 3М:#3418- 00007, or equivalent, ribbon cable connector. 
40-pin 3M #3495-2002, or equivalent. Mates with 3M #3418- 00007, or equivalent, ribbon cable connector. 


(32 (Serial дәрісі) | 


Ја (Audit) 


a (RM 65 Expansion) 


J7 (Keyboard) 
J5 (Printer) and 
.J6 (Keyboard) 


мое: Ромег requirements are ЕТЕП for 8 PROM/ROM devices (32K bytes) с 0. 6A A (typical) and 1.2А ал). апа for 16 RAM devices (32K 
bytes) with total O. 9A and 1. ТА (maximum) total, installed. | | 
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А65/40-1000 | | Single Board Computer 


PARALLEL МО RS-232C ` 5 AUDIO/TTY : EXPANSION 
CONNECTOR (J1) CONNECTOR (22) CONNECTOR (43) CONNECTOR (J4) 


RM 65 BUS 
EXPANSION 
"DRIVERS 


SYSTEM | у Ed 


A R 
APPLICATION | | APPLICATION 6522 


R6522 86551 Р 
VIA ACIA JUMPERS 


| PROM/ROM 
SELECT 
SWITCHES | 


RAM | BUFFERS 
SELECT | | | 
SWITCHES ON-BOARD | : 
DEVICE 
DECODER 
SELECT . DYNAMIC 


| ‚. ВАМ 
JUMPERS (ОР TO 48K) 


WRITE SINGLE 
PROTECT STEP 


| SWITCHES CIRCUIT 


РМ 65 BUS 


INTERRUPT 
APPLICATION PRIORITY 


ACIA 


HEADER 


PROM/ROM 
SIZE 
JUMPERS 


APPLICATION 


INTERRUPT 
PRIORITY 
MASK 
KEYBOARD 

VIA: 


RESET 
WRITE CONDITIONING 


PROTECT 


< < 
> > 


VOLTAGE AUDIO .| system KEYBOARD SPEAKER 


CONVERTER САНАТЕ R6522 | 86522 | AMPLIFIER 


PRINTER DISPLAY KEYBOARD 
CONNECTOR |/8) CONNECTOR (J&) CONNECTOR (J7) 


A65/40-1000 Single Board Computer (SBC) Diagram 
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Rockwell 


A65/40-0004 
" A65/40 Microcomputer Family 


A65/40-0004 


AIM 65/40 POWER SUPPLY AND CABLE 


DESCRIPTION 


The AIM 65/40: Power Supply and Cable is an open frame DC 


power supply with output cable for connection to an АМ 65/40 
Microcomputer. The power supply provides sufficient power for 
full on-board RAM and PROM/ROM expansion as well as off- 
board RM 65 expansion modules, e.g., RM 65 Floppy Disk Con- 
troller (FDC) module (RM65-5101E) and RM 65 Multifunction 


Peripheral Interface (МР!) module (RM65-5223E). The +24М/. 


4A output supplies power to the AIM 65/40 Graphics Printer. 


The +12V and —5V outputs are not used by the AIM 65/40. | 


Microcomputer, but are available for expansion module use. 


AC power connects to an input terminal strip. A jumper on the: 


power supply can be positioned for either 115 or 230 Vac input. 


An input fuse (БА for 115 Vac or ЗА for 230 Vac) provides пе. 


protection. The 3-wire DC output cable, factory connected to the 


power supply output terminals, allows direct connection to the x 


AIM 65/40 input power terminals. 


All outputs are current limited to prevent damage to the power.. 


supply if the outputs are overloaded or accidentally shorted 
together. Full power output is provided from 0° to 50°C. 


FEATURES 


Dual AC input voltage 


--115 Мас @ 47-63 Hz or 
— 230 Vac @ 47-63 Hz 
"Еме DC output voltages 


— +5\ for АМ 65/40 Microcomputer logic 

— +24V for АМ 65/40 Graphics Printer 
—+12V, —12V and. -БУ for expansion modules 
Fused input | 

75% minimum efficiency 

All outputs current limited. 


"Мо 60 Hz ЕМ! 
- Meets. FCC/VDE RFI requirements 


Soft start—Minimizes input current surge at turn-on 


Мо tum оп or turn off overshoot 
-DC output: cable included 


3 ORDERING INFORMATION 


Description 
АМ 65/40 Power Supply and Сабе · 


А65/40-0004 Power Supply | 


Document No. 29001D27 


Data Sheet Order No. D127 
| » April 1983 


А65/40-0004 | | |  . AIM 65/40 Power Supply and Cable 
SPECIFICATIONS | (| ЕЕЕ | | 
м JT Parameter 


AC Input 115/230 Vac + 10%, 47-63 Hz | Hold Up Time | 16 тв тил. at nominal line input with - 
DC Output је > ! | full load output. | 


Total Output Ромег . | 150W тах. 1 | Temperature Range 0°С to 50°С full rating, derated: 2% 
+5 Мас 20.0А тах. _ | | | ы рег °C Шой fom 50°C to 70°C.. 
+24 Мас 4.0A ave. max., 8.0A peak . "EE | | 

+12 Мас 1.5А тах, шынды 

-12 Мас 1.0А тах. 
—5 Мас 0.5А тах. 


Output Accuracy" | 
+5V output Adjustable +5% 
. Other outputs +5% max. 


10.50 in. (266.7 mm) 
5.00 in. (127.0 mm) 
2.50 in. (63.5 mm) 
3.90 in. (99.0 mm) 
0.30 in. (7.6 mm) 
8.90 in. (226.0 mm) 
0.38 in. (9.6 mm) 
1.62 in. (41.1 mm) 
0.25 in. (6.4 mm) 
10:00 in. (254.0 mm) 
12.5 in. (317.5 mm) 
8-32 THD. (4) 

0.156 in. (3.96 mm) DIA. e 


Static Regulation 


Line | +1% all output 

Load 20% to 10096 max. rated load 
+5V output +1% max. 
Other outputs +3% max. 


Ripple and Noise 0.2% RMS 


Temperature Coefficients 0.02%/°C Output Cable 
| ‘Length -  12in. (904. 8 "€ 

Type Ли qi 3-wire jacketed with internal balun 

Overload Protection ` Current limit protection on а! | 2 Ваше | 20 AWG 


outputs m > Termination Tinned leads 
Routed Outputs | +5V, +24V and СОМ 


= е гхетолтлпоосоо > 


Overshoot No turn on or turn off overshoot 


Overvoltage Protection “Ай outputs protected — power 
| ; supply induced overvoltage. 


Brownout Protection Holds full rated regulation to 85/170 · 
Vac 


Note: | 
* Referenced to nominal input voltage at 60% load on all OU M with +5V гора зе! 10 +5. 00У. 


ПЕНЕН 
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А65/40-0200, -0210 
АМ 65/40 мистосотршаг Family 


| A65/40- 0200 AND А65/40-0210 _ 
AIM 65/40 STANDARD 


Rockwell 


AND EXTENDED KEYBOARDS 


OVE RVIEW 


The A65/40-0200 and А65/40- 0210 канала ‘subassemblies 
are one of the hardware options available for the AIM 65/40 
Microcomputer family. _ 


The A65/40-0200 Standard Keyboard is а full-size ASCII key- 
board. The 57 main keys provide the complete set of 128 ASCII 
printable and control characters: Eight separate function keys, 
located above the main keyboard, support user-defined pro- 
cesses. Separate ATTN and RESET keys allow user-defined 
interrupt processing · ‘and computer initialization. An industry 
standard, NMOS parallel interface can be used to connect the 


keyboard to а Rockwell АМ 65/40 Single- -Board Computer. 
(SBC), Rockwell АМ 65 board- level не ог to other ы! 


computers. 


The A65/40-0210 NE Keyboard has all ine T 


tures, plus an industry standard numeric keyboard and cursor . 


control key: 


FEATURES 


Full-size, terminal-style keyboard 


e 64 KEYS within an 8 x 9 matrix support the ASCII character 


set: 


—Alphanumerics 


— Punctuation 
—Special symbols 

— PRINT 

—Eight special functions 
—Locking ALL CAPS 


• Separate RESET, ATTN, and PAPER FEED keys 


Extended keyboard has 15 additional keys; 10 numeric, dec- 


imal point and 4 cursor control keys 


• No active components ensures long Ме 
ө Keyboard interface connector compatible with AIM 65/40 SBC 


or RM 65 Parallel Application connectors 


A65/40-0200 Standard Keyboard - 


77 A65/40-0210 Extended Keyboard. 


Document No. 29000D74 


Data Sheet Order No. D74 
Rev. 1, August 1983 


/A65/40-0200, -0210 - 


FUNCTIONAL DESCRIPTION 


The AIM 65/40 Keyboard assembly. is a terminal-style alpha- 
numeric keyboard which interfaces to a host computer through 
a parallel interface. The keyboard contains.66 momentary con- 


tact single pole single throw (SPST) keys and one locking SPST- 


key. 


The keyboard has a complement of 63 momentary contact keys 
in an 8 x 9 matrix; with nine positions unused. An ALL CAPS 
locking key is also in this matrix. To decode keys within the 
. matrix, the AIM 65/40 software places a logic 0 on one of the 
A пие strobe lines of the matrix. By reading the eight return lines, 
any key(s) down on that strobe row can be distinguished. 
Repeating this process for each of the nine strobe rows gives 


RESET | | ATTN 
KEY . KEY 


KEYBOARD 

INTERFACE 

CONNECTOR 
(J1) 


RESET AND 
RETURN 


ATTENTION 
AND RETURN 


PAPER FEED 
AND RETURN 


MATRIX STROBES (9) 


MATRIX RETURNS (8) 


MAIN KEYBOARD KEYS (57) 
PAPER FEED | OTHERS | 


ДІМ 65/40 Standard and Extended Keyboards 


ап image of the entire keyboard matrix. Three momentary con- 


tact keys—RESET, ATTN, and PAPER FEED are outside of the 
keyboard matrix. 


All keyboard strobe and return lines are brought out to a 40-pin 
keyboard interface connector, which allows direct connection to 
an AIM 65/40 SBC or any RM 65 modules with the parallel 
peripheral connector. 


The added keys on the Extended Keyboard control 15 additional 


 momentary contact SPST switches, which are included in the 


8 x 9 switch matrix. The 11 numeric and decimal switches are 
connected in paralle! with their counterparts on the main key- 
board. The four cursor contro! switches are added positions in 
the matrix which are not included in the Standard Keyboard. 


NUMERIC 


FUNCTION KEYS KEYBOARD 
* 


KEYBOARD SWITCH 
MATRIX 


* EXTENDED KEYBOARD ONLY | 


Keyboard Functional Block Diagram 


Connector P1 (System Interface) Pin eames 


MSB7 
MSB6 
М$В5 
MSB4 
MSB3 
MSB2 
МВ 
MSBO 
MRT7 
MRT6 
МАТ5 
МАТА 
МАТЗ 
MRT2 
MRT1 
МАТО: 
MSB8 
PAPER F 


_ Notes: 


aD (1) 
GND (1) 
GND (1) 
GND (1) 
GND (1) 
GND (1) 
GND (1) 
GND (1) 
GND (1) 
GND (1) 


RAPER FEED | RET 
NC | 


(1) Odd-numbered pins 9 through 37 аге ЕЕ! together оп the keyboard and should be Бобрамва to GND on the interfacing equipment. 
(2) The pin number assignments are reversed from the AIM 65/40 SBC, to provide a one-to-one > signal routing through а 40-conductor ribbon 


cable. 
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ДІМ 65/40 Standard and Extended Keyboards 


A65/40-0200, -0210 


" Е 
СЕНГЕН 
Ева бе бє is ЕЕ 
АКЫН 
РАРЕВ RESET АПМ 
FEED 
‚ NOTES: 


1. LEGENDS IN PARENTHESES 
. 00 NOT APPEAR ОМ KEYCAPS. 


2. NUMBERS IN PARENTHESES 
REFER TO PIN NUMBERS ON 


CONNECTOR J1 
а · 
Е. В 
а is Ве Ве 5. Е 
d i 
PAPER CREE ATTN 
FEED 
NOTES: 


1. LEGENDS IN PARENTHESES 
DO NOT APPEAR OW KEYCAPS 


2. NUMBERS IN PARENTHESES 
CONNECTOR то ар ЛМЕ ON 


SPECIFICATIONS 


MSBO 
(22) 


1 А и Е 4 
Standard 
мет? MRTE MATS MRTA MRT3 ` юн? MATL 
(20) (0) NON 14 12 (10) 8 


| EN [^ aA 
$ F 
4: 


zs шаға ы] жеге ШЕГЕН РР и 
1 А W e j3 EA $ 


Extended 


Keyboard Schematic 


| 


Dimensions 


Width 
Length 
Height 


Extended 


15.35 in. (390 mm) 
5.25 in. (133 mm) 
1.25 іп. ( 32 mm) 


Standard 


11.85 in. (301 mm) 
5.25 in. (133 mm) 
1.25 in. ( 32 mm) 


Weight © ` 1 Ib. 8 oz. | | | 1 Ib. 12 oz. 


Environment 


Operating Temperature 
Storage Temperature 
Relative Humidity 


. Interface Connector 


0°C to 50°C 

—40°С to 55°C 

0% to 95% (without condensation) | 
. 40-pin ЗМ #3495-1002, or equivalent, receptacle. Mates with ЗМ 

#3418-0000Т, or equivalent ribbon cable connector. 
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А65/40-0200, -0210 AIM 65/40 Standard and Extended Keyboards 


„166 DIA .112 DIA 
4 HOLES 


11.85 + .06 


TOLERANCES 


XX = +.03 
.ХХХ = +.010 Standard 


„166 DIA .112 DIA 
6 HOLES 


ИН-Т 
Г. Жы”. ; | 
BEBHHHHHBBHHHENHE GLOD A 

қа ВО ее |] "јој Че HEBDE. 
ff: ја | јој е јој "| У | |] |: |[- HE ED 

200 Б | а ES 


Д 11.450 3.50 REF 
14.950 
15.35 + .06 


TOLERANCES 
XX = +.03 


‚ХХХ = +.010 Extended 


Keyboard Dimensions 
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222. Timer module, ог other compatible equipment, through an inter- 
^ . connecting cable. | 


| _ A65/40-0400 
АМ. 65/40 седе Family 


вв Е -A65/40-0400 | 


Rockwell АМ 1 65/40 40-CHARACTER DISPLAY 


OVERVIEW „жак FEATURES | 

Тһе А65/40-0400 40-Character Display i is‘one of the hardware Intelligent controller: =e 

options available for the AIM 65/40 Microcomputer family. | --пдерепдеп! operation 

—Centronics type handshake interface 
— Separate character font/program ROM 
40-character display 


The 40-Character Alphanumeric Display is a free-standing” 
subassembly consisting of a vacuum fluorescent display and a 
microprocessor based controller. With its integral controller, 


operation is completely automatic—including display refresh. . —Vacuum fluorescent 
Connecting to a host computer over parallel interface with Cen- —Easy-to-read 16-segment digits 
tronics-compatible protocol, command and. data: are transferred wo — Clear, bright plug green OE 


ina handshaking manner. — Fast response . 


— Long life 


The sealed vacuum fluorescent display includes 40 bright, crisp, 7 
196 characters 


16-segment digits. The blue-green characters are easily теад- . 


| able in almost any working environment—from office B factory. AF os —Upper case alphabetics with lower case ‘notation 
| 22222 — Митре ss 
Firmware functions. in the controller augment basic communi- Math symbols ^. 


cation and display updating with a variety of editing functions . 


and display enhancements to increase its usability. The full 40- pi eer 


characters, coupled with programmable eye-catching tech- * Variable display parameters | 
niques, such as variable rate character blinking and auto-scrolling, — Auto-scroll rate 
allow meaningful and important messages to be displayed, - " — Character blinking 


detected and understood—in factory, office, вю апа | — Character blink rate 


classroom applications. ы ursor blink rate 


Installation in a wide variety of racks, cabinets, enclosures, and e Internal editing functions 


front panels is easy due to its straightforward construction and —80-character line buffer 
standard interface. The display can be connected directly to the — Insert/delete character. 
Rockwell A65/40-1000 Single Board Computer (SBC), to Rock- | — Right/left cursor control 
well RM 65-1000E SBC module or RM65-5222E GPIO and. — Transmit edited line to host 


Display self-test. 
+БМ operation 


А65/40-0400 40-Сћагастег Display 


Document No. 29000D76 | | Data Sheet Order Мо. 076 


: Rev. 1, August 1983 
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AG5/40-0400 . — 40-Character Display 


FUNCTIONAL DESCRIPTION 


The 40-Character Display contains a vacuum fluorescent dis- to provide a custom character set. The controller performs all 
play, a microprocessor based controller, clock, a 2K-byte char- communications interfacing, display refreshing, and control 
acter font/program ROM, character and segment. drivers, and . functions—enabling the display to operate independently from 
a DC/DC power converter. the host computer. 
The vacuum fluorescent display is a single sealed unit con- All data and control commands are transmitted to the display 
taining 40 separately controllable digits. Each digit is composed over the Centronics-type parallel handshake interface. An internal 
of a 16-segment font which allows a full set of upper case alpha- buffer allows up to 80 characters to be received by the display; 
. betics, numerics, and special characters to be displayed. In the the display scrolls after the 40th character is received. There 
 semi-graphics mode, the 16 segments of each digit are individ- are character editing commands such as insert and delete, as 
ually controlled. In addition, each digit includes a separate dec- well as transmit buffer, which sends an edited line back to the 
imal point. When energized, the digits form blue- green color host computer. There are also display enhancement features 
characters. The unit comes with a smoked, neutral filter lens such as auto-scroll which allows the display buffer to be contin- 
cover the display, but other custom lens filters can be used to uously circulated, at a selected rate, and blinking characters. 


change the display color to meet unique installation requirements. TT 
The two-post terminal block provides +5М for the controller and 


The display controller includes an R6504 CPU, RAM, ИО, timer, for the on-board DC/DC Converter, which generates the addi- 
clock and reset circuitry. The 2K byte ROM contains both the tional voltages required by the fluorescent display. The +5V 
CPU controller instructions and the individual character segment can, alternatively, be routed through the interface connector. 


patterns. This ROM can be replaced by another PROM or ROM 


Display Control Commands. 


Hex Control Hex Control 
Code Chioracter Description Code Character Description 


Pass Through Next Character 


* 


Clear Line 


Clear to End of Line ж 

Clear Line Toggle Insert Character Mode 
Clear to End of Line Delete One Character 

Clear Line * 


* 


Clear to End of Line 


* Display Cursor 
. Backspace (=) Blank Cursor 
Horizontal Tab (—) Warm Reset 
Warm Reset Cold Reset 
Warm Reset Escape Command (ESC) 
Warm Reset * | 


(Home оп Line) 
(Home on Line) 
Carriage Return (Home on Line) 


* 
ж 
ж 


| "Characters wru no о indicated function ‚аге acknowledged, but do not otherwise affect display operation. 
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A65/40-0400 — 40-Character Display 


40 CHARACTER 
FLUORESCENT DISPLAY . 


CHARACTER SEGMENT 
D. DRIVERS DRIVERS 
DISPLAY 
INTERFACE 
CONNECTOR 


DATA (8) 


NEM 2 | CHARACTER | 
STROBE | | MS FONT/ E | 
^ ABT | С PROGRAM |. 
АСК ВА | 
ан | и = ROM | 
BUSY = 5, с Бел. 28”. 
RES 


CONNECTOR 
(TB1) 
DC/DC | 
эу | РОМЕВ _ 
CONVERTER | 


40-Character Display Block Diagram 
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A65/40-0400 = 1 | | 40-Character Display 


\ 


. Display Escape Commands 


1B 41 Auto-Scroll Display 
1B 45. Set Environment (1) 


1B 47 Enter Graphics Mode 

18 49. Select/Deselect Display (toggle) 
1854 Perform Self-Test 

1B 58 4C Transmit Line 

1B 3D Position Cursor (2) 

1B 57 Set Window Position 


1B 58 Transmit Display Line 


Notes: 
(1) Set Environment Sequence: | 


Hex Code Character Sequence Function 

41 XX | А (Attribute) Set Bit-7 Attributes 

42 YY ZZ B (On) (Off) Set Blinking Character Rate 
43 YY ZZ C (On) (Off) Set Blinking Cursor Hate 
52 XX R (Rate) Set Auto-Scroll Rate 

53 XX S (Character) Set the Cursor Character 


(2) The Position Cursor sequence requires two additional characters. The first (y) is ignored. The second (x) becomes the new cursor position. 


Connector J1 (Interface) Pin Assignments 


Note: *+5V on pins 1 and 40 can be disconnected by a jumper. 
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А65/40-0400 Ж |... 40-Character Display 


| Р Data Transfer Timing Characteristics 
| ај 7 Data Set-Up Time 8.7. 
Data Hold Time 


‘Strobe Pulse Width Time 
Processing Time | 
Acknowledge Width 
Strobe-to-Busy Time 

TaB · Acknowledge-to-Busy Time 


Note: t, t; = 10 to 30 ns” 


STROBE 


Data Transfer Waveforms 


. 840. 


А65/40-0400 E 


SPECIFICATIONS 


‘Parameter с 


ще Dimensions 
о Width ` 

— Height" | 
г Depth* 


. Digit Dimensions | 
Height | — 
Width. 


Power Requirements | 
Environment | 


Operating Temperature | 


Storage Temperature 
Relative. Humidity 


Interface Connector 


Power Connector 


Note: "Dimensions do not include mounting brackets. 


С 40-Character Display 


11.85 in. (301 му). 


"| 3.6 in. (91 тт). 
151. (38 mm) 


72 0.24 п. (6 тт) 
20.12 in. (3 mm) | 


22 eae Fegulitod, 0.8A: (бурка, 1 1 OA (mex) 


oct to 50°C 


—55°С to 480C 
| 0% to 95%. (without condensation) 


40-pin 3M #3495- 1002, or equivalent, connector. Mates with 3M 
#3418-0000T, or equivalent, ribbon cable connector. 


NMOS Interface (Input voltage - = 45. ov, ТА = 25°C) 


Parameter 


Input High Voltage 


Input Low Voltage - 
Input High Current - 
(Vin = 2.4У) 


~ Input: Low Current 


(Vit = 0.4A) 


~ * Output High Voltage 
+ (Поло = —100А) 

Output Low Voltage 
(одо < —3 тА) | 


Output High Current (Sourcing) Қ 


= (Мон > 2.4V) 


Output Low Current (Sinking) 


(Vo, = 0. 20 


Two-post terminal block 


40-Character Display 


A65/40-0400 


ГИ 
ІХ 


^ 
, ` 
` 


КУ 
Да 


ARE 
|| 


|: 
ett 


й 
4 


! 
! 


` 
` 
m 
ани) 


г 
# 
4 | 


Mt 
` 

А! 
МЫ 
fan 
, ` 
== =>) 


Character Display 
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2% 


Rockwell 


/A65/40-0600 | 
AIM 65/40 Microcomputer Family 


 A65/40-0600 —— 
AM 65/40 GRAPHICS PRINTER 


| OVERVIEW | 


Mee The А65/40-0600 Graphics Printer is one of the hardware options 
МЕ :avallable for the АМ нн Microcomputer Family. 


м The Graphics Printer is a | microprocessor-controlled dot matrix 
thermal printer, with a 4K byte character font/program ROM, 
сапа a paper feed switch. In the test mode, up to 40 characters 


| сап be printed using 7 x 8 dot matrix characters. In the graphics 


mode, ail 280 horizontal dot positions on a row are individually 
pene, and any number of rows may be printed. 


The printer mechanism includes a thermal head, platen, motor, 
drive linkage and associated wiring. There are 40 thermal ele- 
ments on the thermal head, each of which spans seven dot 
fields. Each element is a discrete point which rides against heat 


sensitive paper. During a print cycle, the thermal head moves 


horizontally across the paper. Control logic turns on the thermal 

head drivers to heat the sensitized paper when a dot is to be 

printed. When an entire row of dots has been printed, the printer 
motor advances the platen by one horizontal row of dots... 


The printer controller includes an R6504 CPU, RAM, ЏО, timer, | 
_ Clock and reset circuitry. The 4K byte ROM contains both the 
CPU instructions and the individual character bit patterns. The 


НОМ is socketed, and сап be replaced by а user-supplied 
= ‘PROM or ROM, to provide a custom character set. The con- 


_ A65/40-0600 Graphics Printer 


troller performs printer motor and thermal head timing and con- 
trol functions, to enable the printer to operate independently 
from the host computer. Further, the controller handles the com- 


. munications interface, and processes the commands and data 


to be printed. 


Data and control commands are transmitted to the printer over 
the Centronics type parallèl handshake interface. An internal 
buffer accepts up to 80 characters for printing. The controller 
automatically prints the first 40 characters in the text mode or 
after receiving each row of 280 dots in the graphics mode. The 
paper can also be advanced with а paper feed command, or 
manually, using the paper feed switch. 


А three-post terminal block connects to +5V, +24V and GND. 
The +5V supplies the control circuitry while the +24V powers - 


the motor and thermal head drivers. On-board potentiometers ` 


allow motor speed and dot print intensity to be manually adjusted. 


"FEATURES 


~ Intelligent controller 


— Independent operation 

—User command flexibility 

— Centronics type handshake interface 

— Separate character font/program ROM 
40-column text/semi-graphics 

— 256 character set | 

.— Upper and lower case alphabetics 

—Numbers including superscripts and ра 
— Май symbols | 
—European and Greek characters 

Full graphics capability. 

— 280 dot хп 

— Individual dot control | 

. —Print complex wave forms and digitized photographs 
 Fast—240 lines per minute 

Quiet, thermal operation 

User alterable dot timing = 

Printer self-test — 

Requires only +5V and +24V 


Document No. 20000075 | 


Data Sheet Order No. D75 
Rev. 1, August 1983 


A65/40-0600 AIM 65/40 Graphics Printer 


- Printer Control Commands 


Code Character Description Code Character | _ Description | 1 


m: Line 
Clear to End of Line 
Clear Line 
Clear to End of Line 
Clear Line 
Clear to End of Line 


* 

Backspace (=) 
Horizontal Tab (—) 
Line Feed (|) 

Line Feed ()) 
Form Feed 

(Home on Line) 
(Home on Line) 


Pass Through Next Character 
ko 

Toggle Insert Character Mode 
Delete One Character’ NEM 
я | 

* 

Turn Cursor On 

Turn Cursor Off 


. Cold Reset 


Warm Reset .. 

Escape Command (ESO) 
Print Buffer Without Clear . 
Print Display Image (Window) 
Paper Feed 


Carriage Return (Home on Line) o 


Note: "These characters are acknowledged,. but do. not otherwise affect printer operation. 


Printer Escape Commands 


Position Cursor (1) 

Set Environment (2) 

Enter Graphics Mode 
Transmit Character Definition 
Perform Self-Test 


Notes: 


(1) The Position Cursor sequence requires two additional characters. The first (y) is ignored. The second (x) becomes the new cursor Кеген 


(2) Set Environment Sequence: 
Hex Code Character Sequence Function 


41 XX A (Attribute) Set Bit 7 Attributes 

47 XX G (Length) Set Gap Between Pages 
50 XX P (Length) Set Page Length | 
54 XX T (Time) Set Dot Print Time 
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__Аб5/40-0600 _ _________________АЈМ 65/40 Graphics Printer 


_ Data Transfer Timing 


Parameter 


Data Set-up Time ^^ 
‚ Data Hold Time 
. Strobe Pulse Width Time 
. Processing Time (non-printing) 
. Processing Time (printing) 


Acknowledge Pulse Width Time 
Strobe-to-Busy Time: | emu 
|" Acknowledge-to-Busy Time 


STROBE 


(08-45 0 


A65/40-0600  . e AIM 65/40 Graphics Printer 


SPECIFICATIONS 


_ Parameter 


_ Dimensions. | 
. Width 7.6 in. (193 mm) 
Length | ; 6.3 in. (160 mm) 
Height | 3.0 in. (77 mm) 


1.0 Ib. (0.45 kg) 


Environment | 
Operating Temperature e] | 0°С to 50°С. 
Storage Temperature 0° to 70°С 
“Relative Humidity _ | | | ` 0% to 85% (without condensation) 


Power Requirements +5V +5% Regulated, 0.3A (typical); 0.4A (max.); 0.4 (peak) | 
| +24V (+3.6V, -2.6У) Unregulated, 2.5A (typical); 4.0A (max.); 6.3* (peak) 


Interface Connector j 40-рт 3M#3495-1002, or equivalent, receptacle. Mates with 3M 
: TI #3418-0000Т, or equivalent, ribbon cable connector. 


Power Connector 3-post terminal block 


Note: * - 24V peak current specified as worst case with printer duty cycle of 7596. For most cases, a --24V 4A power supply is sufficient. 


Connector J4 (System Interface) Pin Assignments 


PAPER FEED 
RES 
STROBE 

.. Data 7 

: Data 6 
Data 5 
Data 4 
Data 3 

. Data 2 
Data 1 
Data 0 
NC 
ACK 


Note: *Power on pin 1 and 40 can be disconnected from this connector with on-board jumpers. 
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A65/40-0600 — ке | | AIM 65/40 Graphics Printer 
| | NMOS Interface (Input Voltage = +5.0\, TA = 25°С) | | 


| ке [=з ре | NUN NE GN 


Input High Voltage 

Input Low Voltage 

Input High Current 

(Vin = 2.4V) 

Input Low Current 

(Vi, = 0.4А) 

Output High Voltage 

(lLoap  —100A) 

Output Low Voltage 

(Ноль = —3 mA) 

Output High Current (Sourcing) 
(Мон = 2.4V) 

Output Low Current (Sinking) 
(Ма, x 0.4М) 
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Printer Self-Test 
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А65/40-0600 


33993009C 
3540000 


ЕНЕТІНІ 


ЕЕЕ 


? 
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0086002 
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Character Set 


ЕД 
0580605 
2080202 
3968205 


АМ 65/40 Graphics Printer 


192000: 
2902220 
1102056 
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Rockwell 


© AG5/A0-C 0800 | 
АМ 65/40 ышты Family 


| | САМ | 65/40-0800 | 
_ VIDEO DISPLAY CONTROLLER 


(VDC) MODULE 


OVERVIEW . 

The A65/40-0800 Video Display Controller (VDC) module inter- 
faces the A65/40-1000 Rockwell AIM 65/40 Single Board Com- 
puter, RM65-1000 Single Board Computer or RM65-5223 Multi- 
Function Peripheral Interface module, or any other host com- 
puter with an industry compatible Centronics-type parallel inter- 
face, to a CRT monitor or TV receiver. The VDC module outputs 
an NTSC compatible composite video on one connector and 
separate HSYNC, VSYNC and VIDEO signals at TTL mes on 
another connector for convenient САТ interfacing. 


With its integral microcomputer controller, built-in commands 
provide selectable and programmable screen formatting, flex- 
ible text handling and editing, and full graphics drawing and data 
display functions. These CRT-oriented functions extend the use 
of the АМ 65/40 microcomputer into new man-machine appli- 
cations in the 2200. office, xd un d and classroom. 


In the text mode, prese РВ formats of 80 НА x 


24 lines or 40 characters x 24 lines are selectable. Other for- 
mats are user programmable. Eight pages of text are available 
(in the 80 x 24 format) with automatic page sizing for other for- 
mats. The 4K-byte character generator ROM contains bit pat- 
terns for 256 different characters in a 7 x 10 dot matrix field. 
Standard characters include upper- and lower-case alphabetics, 
numerals (including subscripts and superscripts), math and 
Greek symbols, common European letters, and semigraphic 
characters. 


The full graphics mode incorporates bit mapping of 280. x 224 
pixels, which is compatible with the Rockwell АМ 65/40 Graphics 
Printer (А65/40-0600). Line drawing commands move a реп 
. and draw or erase lines using either relative or absolute position 
reference. Data byte capability allows individual dots to be con- 
 trolled using а 40 bytes per dot line format (seven dots per 
byte). In addition, the entire screen display data сап be trans- 
mitied to the host compute. 


A65/40-0800 VDC Module 


FEATURES 


• Independent Intelligent Controller 
— 6502 CPU Based 
 —Centronics-type Parallel Handshake Interface 
—4К-Буе Program ROM 
— 4K-byte Character ROM 
—16K-bytes of Refresh RAM 
Flexible Text Mode Operation ; 
— Selectable 80 or 40 Columns x 24 Lines 
—Other Screen Formats Programmable - | 
—Multiple Text Pages | 
— Cursor Movement and Positioning 
‚ — Character and Line Editing >. 
— Line, Page, and Buffer Control 
— Inverse Video on a Character Basis 
e 256 Character ROM 
— Upper- and Lower-case Alphabetics 
— Numerals Including Subscripts and Superscripts 
— Math Symbols. | 
| — European and Greek Letters 
— Semigraphic Symbols 
e Full Graphics Моде. | | 
— 280 x 224 Pixels Resolution 
— Line Drawing Functions 
— Individual Bit Map Control 
— Transmit Screen to Host. 
Two Video Output Formats P" 
— Separate VIDEO, HSYNC and VSYNC TTL Signals | 
—NTSC or European а Compos VIDEO а 
Self-Test is 
+5V Operation 


SELF-TEST . 


A self-test function tests the microcomputer RAM, calculates and 


displays the program ROM check-sum, and displays all the 
characters generated by the Character Generator ROM. 
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А6540-0800_ 


FUNCTIONAL DESCRIPT ION 


The A65/40-0800 VDC module consists of four major Sections: 
. Microcomputer Section | са | | 
e CRT Section | 
e Oscillator 
. e ОС/ОС Power Converter | 

The microcomputer section consists of à R6502 Central Pro- 
cessing Unit (CPU), R6532 RAM, Input/Output and Timer (RIOT), 


а 4K-byte R2332 program ROM, address decoder, reset timer: 


and associated: support circuitry. The CPU also has major inter- 
faces with the R6545-1 CRT Controller (CRTC) and the refresh 


RAM (through address multiplexers) in the CRT section. Internal. | 
data, address and control bus lines interconnect these devices _ 


within the үре module. 


The CPU controls the transfer of data received Кот the host 


> computer on data lines 00-07 through the RIOT onto internal 


| data bus lines. If the data is a command, the CPU performs the. 


~ associated processing and sends appropriate commands to the 
> R6545-1 CRTC. Display data is passed from the CPU onto the 
: refresh RAM for subsequent display as text or graphics. - 


| The 4K- -byte Program ROM contains the CPU program instruc- 


|. tions which. implement the control and escape commands. This 
ROM can be replaced with a compatible 4K- or 8K-byte PROM. _ 


| НОМ device for custom applications. 


“Тһе R6532 RIOT supplies the RAM and I/O required for CPU 


. control. Eight of the 16 VO port lines interface the data VO lines : 


while two lines service the STROBE and ACK signals at the 
connector J1 interface. Five other lines (80/40 characters/line, 
‘normal/inverse video, display mode, blanking and DISPLAY 
ENABLE) interface with the САТ section. 


The CRT section consists of the R6545-1 CRTC and other logic 
to generate, combine and output the video signal. The. R6545- 
1 CRTC provides the interface between the CPU and the rest 


of the CRT section. The CRTC generates refresh RAM addresses 


and character generator row addresses to allow text or graphics 


222 data to be accessed from the refresh RAM for converting to 
i. video format. 


Тһе CRTC operation is controlled by the contents of 16 internal 
registers which specify such screen format characteristics as 
the number of total and displayed horizontal characters, hori- 
- zontal sync position, VSYNC and HSYNC pulse widths, number 
of total and displayed vertical rows, and the number of scan 
lines per character. In addition, the cursor position address and 
. the display start address in the refresh RAM are programmable 
У. а5 аге. the. cursor character start and ОВ ѕсап lines. 


8-50 


AIM 65/40 VDC Module 


Eight.4116 16K x 1 dynamic RAM devices comprise a the; 16K- 
byte refresh RAM. This RAM is accessed by both the CPU. and 
the CRTC through address multiplexers. Separate’ address lines. 
from the CPU and from the CRTC are.connected to the multi-. 
plexers which in turn output the RAM. address lines 10 access 
the refresh RAM. An additional 16K х 1 RAM. device. stores the: 
normal/inverse státus for each text character. `` 


During the display trace, the CRT addresses the refresh RAM . 
to output the text characters or graphics data on the RAM data 
output lines. DATA is retrieved from the RAM at the 1.714 MHz 
clock rate during 80 column text mode and.at 0.857 MHz іп the: 
40 column text mode and in the graphics mode. The data from 
the RAM is latched for text or. graphics ouput; | 


In.the text mode, the ASCII character codes on the — 
refresh RAM data output lines form the character address to the 
character generator ROM. During text display, the bit patterns 
corresponding the- ASCII characters are output оп ROM data 
lines to the text parallel-to-serial converter which then shifts the 
data oùt Senay to the video combining circuit. 


In the- graphics mode, Bah byte in the refresh RAM contains 
a dot pattern rather than a character ASCII code. The bit pat- 
terns on the latched refresh RAM output data are loaded directly 
into the graphics parallel-to-serial converter which then shifts | 


· the data out serially to the ооо combining circuit. 


The selected text or Graphics serial data is combinan with. the 
CURSOR signal, the BLANK signal ang the character INVERSE 
signal. | | 


This merged video signal is then converted to TTL level and 
routed to connector J3 as the separate video signal. The VSYNC 
and HSYNC outputs from the CRTC are routed по drivers 
to the same connector. - 


The driven VSYNC and HSYNC signals are Ka edt to produce 
the combined SYNC signal. The SYNC signal is then combined. 
with the merged video signal, converted to. NTSC format and 
routed to connector J2 as the composite video signal. Trimmer 
potentiometers RON пр пещи of the contrast and brightness 
levels. l | 


The VDC module operates on + 5V provided еб А the host 
computer through connector J1 or from a terminal. block (ТВ!) 
connection. --12V and —5V are generated on-board by a DC/ 
DC power converter. Optional connections on TB1 also allow 
-- 12V and —5\ to be provided externally. 
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A65/40-0800 VDC Module Block Diagram 
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А65/40-0800 


SPECIFICATIONS 


Outside Dimensions 
Width 
Height" 
беріп” 
Component Height 
Lead Protrusion 


Environment 
Operating Temperature 
Storage Temperature 
Relative Humidity — . 


Power Requirements 
Internally Generated -- 12V and —5\ 


АМ 65/40 VDC Module 


11.85 in. (301 mm) 
4.9 in. (124 mm) 
0.6 in. (14 mm) 
0.4in. (10 mm) 
0.1 in. (2.5 mm) 


9.50z. (2700) 


0°С to 70%С 
—55°C to +85°С 
0% to 85% (without condensation) 


БУ +5% Regulated—0.85 A (typical); 1.5A (max.) 


+5V +5% Regulated—0.5 A (typical); 1.2A (max.) 


Externally Supplied --12V and —5V | 
E - +12V +5% Regulated—200 mA (typical); 315 mA (max.) 
aiii +5% Regulated—1.4 mA (typical); 1.8 mA (max.) 


Interface Connection | | | 

Host Computer | ` 40-pin ЗМ 43495-1002, or equivalent, connector. Mates with ЗМ 43417-6040, 
NL | | _ or equivalent, ribbon cable connector . 
Separate Video — .. | РЕМИ (5 6-pin right angle connector. Mates with АМР 871 99-9; ог equivalent, connector 
u 2 | (supplied with. module) | | 
Single conductor screw-on right angle coaxial connector. Mates with Sealectro 
50-024-0000, or equivalent, connector (supplied with module) 
Four-post terminal block (--5У, +12\, —5V, and GND) 


орача Video — 


Ромег Connector . 


Note: | "Dimensions do not include mou bre brackets. 


_ NMOS Interface (Input Voltage = +5.0\, ТА = 25°С) 


Input High Voltage 

Input Low Voltage 

Input High Current 

(Мин = 24V) | 

Input Low Current 

(Vi, = 0.4V) 

Output High Voltage 

(I LOAD = —100 uA) 

(I LOAD = —3 mA) 

Output Low Voltage 

(I LOAD x 1.6 mA) | 
Output High Current (Sourcing) 
(Мон = 2.4V) 

Output Low Current (Sinking) 
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a65/40-0800 = AIM 65/40 VDC Module 


Connector Jt (interface) | Pin Assignments - 


‘Data Set-Up Time 

Data Hold Time 

· Strobe Pulse Width Time . 
Processing Time 

‘Acknowledge Width 
Strobe-to-Busy Time 

- Acknowledge-to-Busy Time | 


Note: 1, + = 1010 3015 ___ 


STROBE 


Data Transfer Waveforms | 
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А65/40-0800 


Control 


Character | 


Video Display Control Commands 


Hex | Control. . 
j Code Character 


Description 


иж 
Clear Line 
‚, Clear to End of Line 


Clear Page 


. Clear to End of Page 
Clear Buffer  . 
Clear to End of Buffer 


| Cursor Left (Backspace) 


Cursor Right (Horizontal Tab) 
Cursor Down (Line Feed) 
Cursor Up (Vertical Tab) 
Next.Page (Form Feed) 

Home on Line (Carriage Return) 


. Home on Page | 


Home on Buffer 


AIM 65/40 VDC Module 


Description 


Pass Through Next Character 
Next Page 

Previous Page 

Toggle Insert-Character Mode 
Delete One Character 

Insert One Line 

Delete One Line 

Display Cursor 

Blank Cursor. 

Cold Reset. 

Warm Reset 

Escape Command (ESC) 
Cursor Down (Line Feed) 
Home Cursor on Last Line 
Cursor Up (Vertical Tab) . 


^ Note: *Characters with no indicated function are acknowledged, but do not otherwise affect display operation. 


- „Нех Соде 


^5: 1B3D 
1B 45 | 
18 4544 ХХ 
. 1B 45 45 ХХ YY 
1B 45 4D XX 
1B 47 
1B 49 
1B 4C 42 
1B 4C 54 
1B 52 
1B 54 
1B 55 42 
1B 55 54 
1B 58 4C 
1B 58 50 
> 1B 58 42 


CTRL _ 


Video Display Escape Commands 


ESC = YX 


Position-Cursor 


[Character Sequence | мы | 


ESCEXYZ 


ESC E D (Character) 
ESC E E (Register) (Value) 


ESC E M (Mode) 
ESC G 
ESC | 
ESCLB 
ESC LT 
ESC R 
ESC Т 
ESC UB 
ESC UT 
ESC XL 
ESC ХР. 
ESC X B 


Video Display Graphics Commands 


Note: *Characters with no indicated function are acknowledged but do not otherwise affect the display. 
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Set Environment -~ 
Set Blanking Character 
Set CRTC Register 


'' Set Display Mode 


Enter Graphics Mode 
Select/Deselect Display 
Lock Buffer Bottom 
Lock Buffer Top 
Toggle Reverse Video 
Perform Self Test 
Unlock Buffer Bottom 
Unlock Buffer Top 
Transmit Line 
Transmit Page 
Transmit Buffer 


Move Absolute 


Draw Absolute 
Erase Ablolute 

Move Relative 

Draw Relative 
Erase Relative 
Clear Screen 

Home Pen 

Dump Graphics Buffer 
Position Byte Cursor 
Exit Graphics 

Send Graphics Byte 


* 
* 
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Rockwell 


А65/40-7010 
| АМ 65/40 ме Соры Family | 


У А65/40-7010 - 
AIM 65/40 ASSEMBLER ROM. 


E ASSEMBLY LANGUAGE 


An assembler translates microprocessor instructions and data я 


= statements written їп symbolic form (the source program) into 
| machine executable code (the object program). The AIM 65/40 
Assembler translates one instruction, consisting of a label (if 
required), a mnemonic operation code, an operand (if required) 
^ and arithmetic operator (if required) into: a machine instruction 
consisting. of from опе to three bytes | of memory. Constants 


222 comprising one or more bytes of memory are generated from 


data statements while one or more bytes of memory are assigned 
to variables. The ássembler operates in two passes. Pass 1 


. . checks for syntax errors and assigns values to symbols in а | 
`- symbol table. Pass 2 generates the actual machine code and | 
4 outputs the assembly listing which lists the source code and the | 


и corresponding machine code. 


А | Тһе. зошгсе code. is usually: белега and edited using, the АМ & 
- 65/ 40 Text Editor then assembled to generate the machine code | 


for program execution and debugging. Program changes to the 


Source program can easily бе edited then the program геав- | 
_ sembled to generate the new machine code thus eliminating the - - 
need for the programmer to code and recode the program in 


‘machine соде—а time consuming and laborious process. 


PRODUCT OVERVIEW | 


The AIM 65/40 Assembler is a 4K-byte ROM-resident, two-pass ^ 


symbolic assembler that plugs into socket 264 оп the AIM 
65/40. Microcomputer Single Board Computer (SBC) module 
and operates in conjunction with the AIM. 65/40 VO ROM and 


is _ the AIM 65/40 Debug Monitor/Text Editor ROMs. The assembler 
; on translates computer program instructions written in standard’. 


assembly · language for the 6502 microprocessor into machine 
code that will operate in апу 6502 ог 65ХХ CPU. Operating 


. options are selected interactively by the operator upon assembly © 


command. These options specify source code device, object 


_ code device, symbol table location, full assembly or errors only: | 
"output listing and output listing device. A repeat command | 
_ invokes the assembly according to previously commanded . 


. options for rapid setup during program debugging, editing and 


P reassembly. Memory to: memory assembly is supported to speed. 
program generation. Compatibility with the RM 65 Floppy Disk, 


. Controller (FDC) module (RM65-5101 NE) and AIM 65/40 DOS 
1.0 (A65/40-7090) and AIM 65/40 BDOS 1.0 (A65/40-7092) 


allows source code to be input from one or more files on a floppy- 


disk and object code to be output to a floppy disk file to assemble 


.. very large. programs ana to ‚лы save source and object : 
| code. "i Ё 


_ FEATURES 


AIM 65/40 Microcomputer host - 

6502 machine code generation 
ROM-resident for immediate operation 
Symbolic linkage—operands and labels _ 
Interactive assembler operation setup : 
Operator selected input device - 

— Memory (text buffer | in PAN 

—Floppy disk P 

—Audio tape 

—Serial | 

—User defined (interactive апа non- interactive) 
“Operator selected object code output d device 
—Memory (НАМ). | 


Е —Норру disk 


— Audio tape 

.—Seral | : 
— User-defined (interactive and non- interactive) 
— Display/printer 


ues , —Printer | 
• Operator selected assembly/error listing output device 


-—Display/printer 

—Printer 

— Serial | 

' —User-defined (interactive ae non- interactive) 
e Assembler directives 5 
e AIM 65/40 008 1.0 апа ЕР95 1.0 compatible 


| MEMORY MAP 


hares ton 


$9000- $9FFF 
__50-506 


Assembler Program | = 
| | Assembler Variables | 


74 ORDERING INFORMATION. 


Description. 


A65/40- 7010 AIM 8322 Assembler ROM 


| Description 


297 | АМ 65/40 Assembler User's Мапџак 


Note: 
(1) Included with A65/40- 7010. 


Document No. 29001D23 


Data Sheet Order No. D123 
| February 1983 


і А65/40-7010 


R6502 CPU INSTRUCTIONS 


Instruction 


Add Memory to Accumulator with Carry 
AND Memory with Accumulator 
Shift Left One Bit (Memory or jac eed 


Branch on Carry Clear · 

Branch on Carry Set 

Branch on Result Zero 

Test Bits in Memory with Accumulator 
Branch on Result Minus . 

Branch on Result Not Zero 

Branch on Result Plus. 

Force Break 

Branch on Overflow Clear 

Branch on Overflow Set 


Clear Carry Flag 

Clear Decimal Mode 

Clear interrupt Disable Bit 

Clear Overflow Flag 

Compare Memory and Accumulator 
Compare Memory and Index X 
Compare Memory and Index Y 


Decrement Memory by One 

Decrement Index X by One 

Decrement Index Y by One 
Exclusive-OR Memory with Accumulator 
Increment Memory by One 


Increment Index X by One | 
Increment Index У by One 


Jump to New Location 
Jump to New Location Saving Return Address 


Equate | 
Byte constant 
Word constant 
Double-byte constant 
Page heading 

· Skip line(s) . 


Mnemónic 


AIM 65/40 Assembler ROM 


Instruction 


Load Accumulator with Memory 

Load Index X with Memory 

Load Index Y with Memory 

Shift Right One Bit (Memory or Accumulator) 


No Operation 
OR Memory with Accumulator 


. Push Accumulator on Stack 


Push Processor Status on Stack 
Pull Accumulator from Stack 
Pull Processor Status from Stack 


Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory or Aecumblator) 
Return from Interrupt 

Return from Subroutine 


Subtract Memory from Accumulator with Borrow 
Set Carry Flag | Е 
Set Decimal Mode 

Set Interrupt Disable Status . 

Store Accumulator in Memory 

Store Index Х in Memory 

Store Index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Pointer 
Transfer Index Y to Accumulator 


Listing control option 

Assembly listing generation | 

Object code question | 

Error listing generation 
Source code file linkage | | 
Last ла source code file linkage 
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DESCRIPTION 


The AIM 65/40 Macro Assembler and Linking loader is a disk- 
based computer program that generates computer program 
. absolute machine code or relocatable object code and links 
· relocatable object code into absolute machine code. The 
assembler/loader operates on the АМ 65/40 Microcomputer 
and generates code for execution by any central processing unit 


(CPU) in the Rockwell R6500 NMOS microprocessor, R6500/* 
NMOS one-chip microcomputer and R65C00 CMOS micropro- 


cessor device families. 


MACRO ASSEMBLER 


The macro assembler translates CPU instructions and data 
statements written in symbolic. form (the source program), into 


absolute or relocatable code. Instructions, consisting of a label - 


(if included), a mnemonic operation code, an operand (if required) 
and an arithmetic operator (if included), are assembled one-at- 
a-time into one- to three-byte machine instructions (with abso- 
lute or relocatable address information). Constants comprising 
one or more bytes of memory are generated from data state- 
ments while one or more bytes of memory are assigned to vari- 
ables. The macro capability allows sequences of instructions, 
to be pre-defined for in-line code inclusion by specifying only 
the macro name. Conditional assembly allows portions of 
instruction sequences or macros to be included in (or excluded 
from) in-line code. The combination of the macro and conditional 


assembly capability speeds program development by elimi- 
nating duplicate coding efforts for similar processing tasks and | 


increases program flexibility and reliability by allowing one source 
program to generate different computer programs based on 
. specified control parameters. 


LINKING LOADER 


The linking loader combines independently assembled modules 
of absolute and/or relocatable object code into a single execut- 
able object file. This allows a large program to be developed in 
manageable size modules and integrated by the linking process. 
This also allows program changes to be made to one module 


without affecting any of the other modules—a key requirement - 


in many program validation and certification procedures. 


Small programs can still be assembled into absolute executable 
code without using the linking loader, however, to simplify 
development. 


The assembler/loader operates in conjunction with the AIM 65/40 
BDOS 1.0 Upgrade Kit (A65/40-7092). 


A65/40-7012 
AIM 65/40 Microcomputer Family 


‚ Аб5/40-7012 
AIM 65/40 MACRO ASSEMBLER 
& LINKING LOADER 


MACRO ASSEMBLER FEATURES 


e Supports three CPU families 
—R6500 NMOS Microprocessor 

. —R6500/* NMOS Microcomputer 
—R65C00 CMOS Microprocessor 

e Flexible code generation — 
—Absolute executable code 
— Relocatable linkable code 


. e Macro definition includes 


—Multiple parameters 
— Other macros 
— Assembler 
Macro call includes - 
— Macro пате 
‘Argument list 
Condition assembly 
--ІҒ condition 
—ELSE complementary condition 
— 12 conditional operators 
Symbol cross reference tale 
— Lists defined and used. symbols 
—Alphanumeric order 


LINKING LOADER FEATURES 


Resolves inter-module symbol linkage 
Assigns absolute addresses 
Generates absolute executable code 
Produces reports 

—Load map of module locations 

— Symbolic debug table 

— Symbol table 

• Interactive or command file setup 


ORDERING INFORMATION | 


Рам Мо. Description 


A65/40-7012 | АМ 65/40 Macro Assembler and Linking Loader” 


Order No. Description | 


2153 AIM 65/40 Macro Assembler and Linking Loader 
User Manual? 


Notes: 

1. Requires RM 65 Floppy Disk Controller (FDC) module 
(RM65-5101NE) and AIM 65/40 BDOS 1.0 Upgrade Kit 
(A65/40-7092). | 

2. Included with А65/40-7012. 


Document №. 29001028 


Data Sheet Order Мо. 0128 
Rev. 1, January 1984 
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| BASIC LANG UAGE 


BASIC is a simple but powerful computer program language. 


Originally developed at Dartmouth University, BASIC has gained | 


universal acceptance and is commonly used world-wide in 
schools, Ші and science. | 


The heart of BASIC is a set of сай learned English words 


which are used as commands. Complex and powerful state- · 


ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 


multiple variables can easily be solved. Internal floating . 


point arithmetic handles а wide range of numeric values 
2 (2.93873588Е —39 to 1.70141183E +38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtrac- 
tion, multiplication and division, a full set of transcendental func- 
tions support trigonometric, exponential, square, square root, 
polynomial апа аш operations. 


PRODUCT OVERVIEW 


. The АМ 65/40 BASIC Interpreter, consisting of input formatter, 
lister, floating point functions, interpreter and input/output func- 
tions, is contained in two 4K-byte ROMs that plug into sockets 
270 and 271 on the АМ 65/40 Microcomputer Single Board 
Computer (SBC) Module. AIM 65/40 BASIC operates in one of 


. two modes, development . and run-time. In the. development. 


- mode, BASIC statements are entered and executed as either 
direct or indirect commands. Direct commands аге executed 
upon entry to provide immediate results, however, the state- 

ments are not stored for subsequent execution. Indirect com- 

mands are entered along with an associated line number and 


. are executed upon RUN command entry. The AIM 65/40 Text 


Editor can be conveniently used to load indirect statements into 


_ the Text Buffer for entry into BASIC to simplify program editing. ` 


. The АМ 65/40 microcomputer peripherals, i.e., keyboard, 40- 


a character single line display/video display controllér module and 


. graphics printer, are used in the development mode to enter 


statements, to list entered. indirect Statements and to о display | 


E print execution results. с 


in the run-time mode; BASIC Бәрін execution of the application 
program. ([е., . previously entered indirect statements) without 
| entering the BASIC command level. The AIM 65/40 peripherals 
are not required in their mode. unless used іп the application. 
The AIM 65/40 УО ROM must be resident (but not the Debug 


| Monitor/Text Editor ROMs). for run-time support. A short иѕег- 
_ provided driver program initializes BASIC upon power turn-on - 


or RESET via the АМ 65/40 VO ROM auto-start linkage. 


| ORDERING INFORMATION M 


NDS " A65/40-7020 Do 
AIM 65/40 Microcomputer Family 


A65/ 40-7020 


AIM 65/40 BASIC INTERPRETER ROMS | 


LANGUAGE FEATURES 


BASIC is easy to learn 
Microsoft BASIC is universally "m 


. 
я • 
• BASIC is widely used | | 
е. Supports simple and complex statements 
е 


Floating point arithmetic functions 

— Add, subtract, multiply, divide 

—Trigonometric (sine, cosine, tangent, arctangent) 
—Exponential, square, square root | | 

— Natural logarithm 

String variables and arrays 

Integer variables 

Subroutine calls 

Conditional expressions 

User function 


_ INTERPRETER FEATURES 


e AIM 65/40 Microcomputer с or RM 65 Single Board Computer 
(SBC) module host. 


+ ROM resident for immediate operation " 


e Operates in development and run-time modes | 


e Fast execution (reference Microsoft 6502 BASIC 
interpretation) _ 


e Ехесщев application program. from RAM or PRON 


65/40 BASIC ROMs installed. 


ОЕ Description 
| == АМ 65/40 BASIC ROMs 
^ Description. | 


AIM 65/40 BASIC Users. Manual” 
САМ 55/401 ВАЅІС Reference Сага" | 


"EAD TD 
| Order No. 


ES | NOTES: 


| * Included with A65/40-7020. 


Document No. 29001020 


Data Sheet Order: No. Din 
| MER 1983 


С 65/4070200 ____________ АІМ 65/40 ВАЅІС interpreter ROMs 
MEMORY МАР ||| PROGRAMMING - 


ы T Address (Hex) Contents | The application program can easily be. ты into: a a PROM P 
| —— : — + for operation in ап ОЕМ ог end-user. environment using an АМ | 
| ар ш да КУ ante Пана : Veet Ж | 65 РАОМ Programmer module. (RM6S- 2901 Е connected юа ап A 
| re | ariables and Vectors | > — 4 маи т rx 
| 50-560 ^ — | АМ 65/40 BASIC Variables | а Men eS fecu | 


. The AIM 65/40 BASIC Interpreter ROMs can ‘ales: be. used | in an 
RM 65 environment in either development or run-time mode. 
When installed in an RM 65 SBC module based. system along 
with the RM 65 /O ROM, AIM 65/40 peripherals can be used 
to support development ‹ as well as run-time: operation. " | 


AIM 65/40 BASIC STATEMENTS | 


Program Statements: та је о Commands | ||. ти String Functions. DE 
| DEF FN | | | CLEAR д E o ; ASC 
DIM ^5 — ы | со „ CONT | - СНА$ 
ЕМО J aa FRE A LEFT$ | 
FOR "E QE | мог ШЭ а А NEL. С LEN 
GOSUB ча | | LOAD | ^» "^ «^ MIDS | « 
GOTO | | RT d NEW DULCI coo ss (RIGHTS: 
AF... GOTO TP лар Che y! РЕЕК. ot t o. dE | ~ SERS 
Е... THEN Mw |... POKE | ER > a? ыз a Gee © a VAL 
LET ` Сй КЕ со RUN | m AT а DOTEE E E ^ 
NEXT - ы го SAVE 2 | _. Arithmetic Functions: . 
ОМ... GOSUB . Ж. pis Jr | | | ABS " S 
_ ом:..вото .— о InputiOutput | АТМ 
REM | E ML e К а 
- RESTORE БАТА; Озу зз т. 
RETURN . GET | «d; EX 
STOP INPUT | ~ т ІМТ F 
USR . READ | M | LoG 
WAIT PRINT | -RND 
SPC | MT | SIN. 
ТАВ лан зем 
| POS | Е: |^ 705; GOR | 
ВЕ”. | | ги TAN 


*Links to user-defined function. 
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BASIC LANGUAGE . 


BASIC is a simple but powerful computer program language. 
Originally developed at Dartmouth University, BASIC has gained 
universal acceptance and is commonly used world-wide in 
schools, industry, and science. 


The heart of BASIC is a set of easily learned English words 
which are used as commands. Complex and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved. Internal floating 
point arithmetic handles a wide range of numeric values 
(2.93873588E —39 to 1.70141183Е + 38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtraction, 
multiplication and division, a full set of transcendental functions 
support trigonometric, exponential, square, square root, poly- 
nomial and logarithmic operations. 


PRODUCT OVERVIEW . 
The AIM 65/40 BASIC Compiler, consisting of the BASIC Com- 


piler and BASIC run-time library, is contained on an АМ 65/40 | 


diskette. The BASIC Compiler, in conjunction with the BASIC 
run-time library, compiles a program written in the BASIC lan- 
guage into a 6500 assembly language source file and an optim- 
ized run-time library file. The BASIC source code file is made 
up of indirect BASIC commands and statements. The two output 
files, assembly source file and optimized run-time file, are then 
assembled using the AIM 65/40 assembler to create a BASIC 
object code file for execution. 


The AIM 65/40 Text Editor can be used to create and edit the 
application program source code. The AIM 65/40 peripherals, 
i.e., keyboard, 40-character single line display/video display 
controller module and graphic printer, are used to enter and list 
BASIC statements and to display/print execution results. 


The disk-based compiler operates on the AIM 65/40 Microcom- 
puter in conjunction with the RM65 Floppy Disk Controller (FDC) 
module and the AIM 65/40 DOS 1.0 or BDOS 1.0 firmware. The 
AIM 65/40 Assembler (Part No. A65/40-7010) or the AIM 65/40 
Macro Assembler (Part No. A65/40-7012) option is required to 
support the BASIC Compiler on the AIM 65/40 Microcomputer. 
The АМ 65/40 /О ROM must be resident for BASIC I/O support 
during application program execution, i.e., to run the program 
after compilation and assembly. 


- A65/40-7024 
A65/40 Microcomputer Family 


A65/40-7024 Е 
АІМ 65/40 BASIC COMPILER 


. LANGUAGE FEATURES 


BASIC is easy to learn 

Microsoft BASIC is universally accepted 
BASIC is widely used 

Supports simple and complex statements 
Floating point arithmetic functions 

— Ааа, subtract, multiply, divide 
—Trigonometric (sine, cosine, tangent, arctangent) 
— Exponential, square, square root 

— Natural logarithm 

String variables and arrays 

Integer variables 

Subroutine calls 

Conditional expressions 

User function 


COMPILER FEATURES 

e AIM 65/40 Microcomputer or RM 65 Single Board Computer 
(SBC) module host 

Generates standalone code 

Compiles to 6500 assembly language easing optimization 
Fast execution 

Executes application program from RAM or PROM 
Develops programs for execution in either AIM 65 Microcom- 


puter or in RM 65 SBC module based system without AIM 
65/40 BASIC ROMs installed. | 


ORDERING INFORMATION 


Part No. Description | 
А65/40-7024 АМ 65/40 BASIC Compiler 
Огдег Мо. Description 


2160 | — АМ 65/40 BASIC User's Manual" | 
2100 AIM 65/40 BASIC Reference Сага“ 

Note: 

*Included with A65/40-7024. 


Document No. 29001D18 


Data Sheet Order No. D118 
August 1983 


А65/40-7024 | _ AM 65/40 BASIC Compiler 
MEMORY MAP ІС. РАОСВАММІМС 


The application program can easily be programmed into a PROM 
| | 42350 И for operation іп ап ОЕМ or end-user environment using ап: RM 
$1000-$3C00 AIM 65/40 BASIC Compiler и 65 РВОМ Ргодгаттег тодије (RM65- -2901 EN connected to an 
$0-$100 | AIM 65/40. BASIC Variables | ^ САМ 65/40 Microcomputer. СА 


. Address (Нех) IB Contents ^. 


When used in an RM 65 SBC ТЯ К lend with 
the RM 65 /O ROM, AIM 65/40 peripherals can be used to sup- 


AIM 65/40 BASIC STATEMENTS port the BASIC Compiler operation. 


Program Statements ` | 1 Commands String Functions | 


DEF FN г © + PEEK: а : ASC 
DIM | | " . POKE os S | CHR$ 
END и teu 4 " Шаға LEFTS | 
FOR 5 . Input/Output (ЕМ 
GOSUB | E y RS MID$ 
GOTO ms ile | RIGHTS 
Е... GOTO БЕ s INPUT “ра STR$ 
IF... THEN | о READ | VAL 
LET ` | | У | 


МЕХТ m ; е | РАМТ | -Arithmetic Functions 


Ом... совив E 

№... GOTO E 
POS 

REM | FILE* 

RESTORE ‚Е 

ВЕТОВМ 

STOP 

USR 

WAIT 


*Links to user-defined function. 
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FLOATING POINT ARITHMETIC 


Floating point arithmetic is often desired to perform mathemat- 
ical operations in calculation intensive applications such as sci- 
entific computation, industrial data acquisition and reduction, 
process control, and laboratory measurements. In the AIM 65/ 
40 Math Package, a number is represented in floating point form 
as an unsigned exponent, a normalized mantissa and an arith- 
metic sign. The magnitude of the number is equal to two raised 
to the exponent power times the fractional mantissa, where the 
exponent may range from — 127 to +127. The mantissa is a 32- 
bit number normalized such that the most significant bit (MSB) 
is always equal to "1". Operating on floating point numbers 
alleviates programming difficulty and additional development 
time usually associated with fixed point scaling and minimizes 
uncertainties when performing calculations involving both very 
large and very small numbers. Numbers in magnitude from 
2.93873588E —39 to 1.70141183E--38 can be handled in the 
AIM 65/40 Math Package. In addition, nine digit accuracy is pro- 
vided in most calculations. | 


PRODUCT OVERVIEW 


The AIM 65/40 Math Package contains a full complement of 
floating point arithmetic, conversion, trigonometric, utility and 
other transcendental functions as user-callable subroutines in 
a 4K-byte ROM. Programmed in 6502 machine language for 
fast execution, these functions support calculation intensive 
applications. These functions are host computer independent 
and may be installed in any 6502 CPU based microcomputer 
supporting the memory map requirements. The math package 
is located at $8000-$8FFF to allow direct installation in an AIM 
65/40 Microcomputer, an RM 65 Single Board Computer (SBC) 
module or in an RM 65 PROM/ROM module. 


In addition to the machine language interface, direct linkage to 
AIM 65/40 FORTH provides floating point processing in the 


FORTH language. When installed in an АМ 65/40 Мсгосот-. 


puter with AIM 65/40 FORTH also installed, the floating point 
words can be automatically linked to the FORTH vocabulary 
during FORTH initialization. Application programs written in 
FORTH can thus be both developed and executed on the AIM 
` 65/40 Microcomputer. For ОЕМ or end user installation in an 
RM 65 system with user-provided input/output functions, such 
programs can be developed on an AIM 65/40 Microcomputer 
then transferred to an RM 65 SBC based system with AIM 
65/40 FORTH installed for execution in the RM 65 environment. 


A65/40-7040 
AIM 65/40 Microcomputer Family 


A65/40-7040 | 
AIM 65/40 MATH PACKAGE ROM 


FEATURES 


e Floating point arithmetic 
— Addition and subtraction 
—Multiplication and division 
e Integer arithmetic 
—Multiplication 
— Division 
e Comparison (<, =, >) 
e Trigonometric 
—Sine and cosine 
—Tangent and arctangent 
Conversion 
— Degrees to radians 
—Radians to degrees 
Polynomials 
—Consecutive power 
— Odd power 
e Logarithmic 
--Машга log 
— Common log 
Square root, power, exponential | | 
Absolute value, integer and floating point sign, greatest integer 
6502 CPU machine instruction linkage 
Host computer independent 
AIM 65/40 FORTH compatible 
4K-byte ROM based 
Nine digit accuracy 
Wide range (2.93873588E —39 to 1.70141183E +38) 


ORDERING INFORMATION 


Description 


А65/40-7040 АМ 65/40 Мат Package ROM | 
А65/40-7050 AIM 65/40 FORTH ROMs | 
. Description | 


АМ 65/40 Math Package User's Manual” 
_ АМ 65/40 FORTH User's Manual? 


Notes: 


1. Included with A65/40-7040. 
2. Included with A65/40-7050. 


Document No. 29001D30 


Data Sheet Order No. D130 
April 1983 


А65/40-7040 Па | AIM 65/40 Math Package ROM 
. MEMORY МАР | | | 


58000-ФВЕЕЕ | AIM 65/40 Math Package Program 
· $AB-$C4 __| АМ 65/40 Math. Package Variables 
$110-$132 . АМ 65/40 Math Package Variables 
MATH PACKAGE FUNCTIONS | 
.| Assembly | | Assembly 
| Language FORTH Language| ҒОНТН | 
Label Word . .. Function _ аре! Word | | Function. 
ANIT Initialize Math Package ЕН ЕТ SIN Sine Не тө 
| РАБОТ. Е+ Floating Point Add ле > dcos COS - | | Cosine 
FADD Floating Point Add (Memory) TAN |- TAN | Tangent 
FSUBT F- Floating Point Subtract -= ARCTAN | ARCTAN |А Tangent 
FSUB 5 Floating Point Subtract (Memory) .DEGRE DEGREES Convert Radians to Degrees. 
ЈЕМОШТ | F Floating Point Multiply =- RADS RADIANS | Convert Degrees to Radians · 
FMULT | | Floating Point Multiply (Memory) | POLYX | POLYODD Odd Exponent Polynomial ЈЕ 
ЕОМТ | Е/ | Floating Point Divide 3 © || POLY | | POLY - | Consecutive Exponent Polynomial 7 
ЕОМ — Floating Point Divide (Memory) | МОМЕМ | M>F. == | Move Number from Memory to FAC - 
IMULT | Integer Multiply ка би | d MOVMF ЕМ . . Move Number from FAC to Memory 
ОМ Integer Divide Кү MOVFA | . ^ - | Move Number from ARG to FAC -~ 
| FTOD | Convert Floating Point to Integer {| MOVAF | г |'Move Number from FAC to ARG . 
| РТОЕ pis Convert Integer to Floating Point | — | CONUPK E МРА > Move Number from Memory to: ARG : 
| NEGFAC |... | Negate Floating Point Number ^^ | . | S»A | Move Number from Stack to АВО —— 
ABS _ FABS Absolute Value of Floating Point. Number ý S>F " | Move Number from Stack to РАС | 
NT | INT Truncate Floating Point Number | | Е>5 | | Move Number from FAC to Stack 
SGN © SGN . Sign of FAC to FAC з ~ | FN |” FIN M Convert ASCII to Floating Point 
SIGN FSIGN | Sign of FAC to ARG | FOUT | ғол © Convert Floating Point to ASCII 
FCOMP FCOMP Compare Floating Point Number. с MINLN MIN-WIDTH FOUT Minimum Field Width Variable | 
SQR > SQR · Square Root | DECLN DEC-LENGTH | FOUT No. of Places to the Right. of the Dec- 
FPWRT f _| Raise to a Power | | imal Point Variable 
EXP ` EXP Exponential d 
LOG10 . LOG Common Log 
LOG ^ |. м’ | Natural d г 
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 Аб5/40- 7050 _ 
АМ 65/40 Microcomputer Family 


А65/40-7050 


АМ 65/40 FORTH ROMS 


ҒОНТН LANGUAGE 


FORTH is a unique programming language well suited to a 
variety of applications. Because it was originally developed for 
real-time control applications, FORTH is ideal for machine and 
^ process control, energy: managements, data acquisition, auto- 
matic testing, robotics and other applications where assembly 
language was previously the only possible language choice. 


FORTH actually provides the best of two worlds. It has the 
looping and branching constructs of high-level languages 
(DO...LOOP, BEGIN... END, IF... THEN and IF... ELSE 

. THEN) and the code efficiency of machine and assembly 
languages. And programmers will be pleased to know that 
FORTH allows you to specify addresses, operands and data in 
hexadecimal, octal, binary or any other number base from two 
to 40—a distinct advantage over languages like BASIC, where 
_ all information must ре іп decimal. 


іп most time-critical applications, at least part of the program 
must be written in assembly language. FORTH has a built in 
6502 macro assembler, and lets you drop into assembly lan- 
guage at almost any point in your program, without perarate 
assembly and load steps or awkward machine level linkage. 
FORTH programs typically run up to ten times faster than other 
interpretive languages, and can even approach the speed of 
machine language programs for some applications. 


_ FEATURES 


AIM 65/40 Microsombtilie host and target 
RM 65 SBC module based system compatible 
ROM resident for immediate operation 
Application oriented 

Extensible language: 

Over 200 pre-defined functions 
Interactive compilation 

Reverse polish. notation = 

Compact memory usage 

Fast execution . 

Easy debugging - 

Stack implementation 

16-bit words | 

Built-in structured macro assembler 
Shortens software development time 


PRODUCT OVERVIEW 


The АМ 65/40 FORTH system, consisting of primitives, 
interpreter, macro assembler and input/output functions, is con- 


tained т two 4K-byte ROMs. These ROMs plug into sockets 


Z70 and Z71 on the AIM 65/40 Microcomputer Single Board 
Computer (SBC) module. Linkage to the АМ 65/40 УО ROM 
interfaces FORTH to the AIM 65/40 peripherals (keyboard, 
single-line display/video display controller and graphics printer) 
and to user-defined functions. Interface with the. AIM 65/40 
Debug Monitor and Text Editor ROMs supports machine level 
debugging and editing of application programs written in FORTH. 
Both interactive and batch modes of operation are supported. 
Interaction operation allows. FORTH words to be compiled and/ 
or executed as they are entered for immediate debugging and 
operation. In the batch mode, FORTH words can be entered 
into the Text Buffer then input to FORTH to be compiled and/or 
executed. Batch mode allows an application program to be 
easily edited using Text Editor line- and screen-oriented 
commands. | 


The АМ 65/40 FORTH ROMs can also be installed in an RM 
65 Single Board Computer (SBC) module based system 
for either development or runtime operation. This is especially 
attractive in OEM or end-user applications requiring a compact 


RM. 65 modular computer assembly The НМ 65. 


/О ROM, when also installed in this configuration, supports 
FORTH input/output operation with AIM 65/40 peripherals con- 
nected to RM 65 input/output modules. Vectored input/output 
functions ‘support user-defined interface functions, as well, іп ап. 
АМ 65 installation. 


ORDERING INFORMATION - 


Аб5/40-7050 | AIM 65/40 FORTH ROMs | 
· | A65/40-7040 | АМ 65/40 Math Package ROM 
ИШИНГ: 


АМ 65/40 FORTH User's Manual? 


АМ 65/40 FORTH Reference Сага“) | 
| АМ 65/40 Math Package User's Manual? = > 


E 
‚ Included with A65/40-7050. 
5 Included with А65/40-7040. 


Document No. 29001D22 


. Data Sheet Order No. D122 
March 1983 


AIM 65/40 ЕОВТН ROMs 
FORTH WORDS 


A65/40-7050 - 
DEVELOPING FORTH PROGRAMS 


FORTH is built on subroutine-like functions, called “words.” 


These words are linked together to form a “dictionary,” which 


STACK MANIPULATION _ | 
| Duplicate. n of stack. 


is the central core of the language. Writing a program in DUP UN. 
‘FORTH consists of using several predefined words to define SO Aries р мо кош items. (7 | 
each new word. Once the new word has been added to the ! elete top of stac 
ра ; 2DROP Delete top two stack items. Va 
system dictionary, it becomes as much a part of the language e 
hath | | : SWAP Exchange top two stack items. 

as any other word t at has been previously defined. In this OVER Copy second item to top. 
мау new features and extensions can be added by simply ROT Rotate third item on top. 
defining one or more new words. Adding new features to - DUP Duplicate only if non-zero 
conventional languages like BASIC or Pascal requires the · >R Move top item to return.stack. 
language system . to be completely reassembled ог R> Retrieve item from return stack. — 
recompiled. | | | | | | В Copy top of return stack onto stack. 

| | | Е РСК “Сору the nth item to top. | 
FORTH is a stack-oriented language, and is programmed in Е | dell Ee p 22-2. 
Reverse Polish Notation (RPM), the notation that is used іп RPG etum address 91 теши, даск pores - 
Hewlett-Packard tifi шев U а tack BOUNDS Convert address count" to! 'end- . 

ewlett-Packard scientific calculators. sing a data stack іѕ address start-address." 
an extremely efficient way of passing variables back and S Print contents of stack. 
forth between operations. A data stack eliminates the need 
to tie up memory locations with variable tables, and allows | | 
you to use only as much memory е as you need. DEFINING WORDS | E 
Begin colon definition of <name>. pire 


FORTH. programs are РОР using "top- -down/bottom- 


up" techniques. That is, the programmer begins by defining ` 


the program in Very general terms, then systematically breaks 
these definitions down into more and more detailed sub- 
modules. When the lowest levels of sub-modules have been 
defined, he starts coding, in FORTH, át those levels, working 
back up toward the top of the program, in pyramid fashion. 


Each sub-module is а stand-alone component of the pro- - 


MEMORY MAP 


патен ноп 
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:<пате> 


VARIABLE <пата> 


CONSTANT <пате> 


· СОВЕ <пате> 


CODE 


End colon definition. _ 

Create a variable <name> with initial - 
value n; returns address When 
executed. 


© Create a constant <name> with value 


n; returns value when executed. 
Begin definition of assembly-language 
primitive operation <name>. Е 


gram, and can be completely debugged without having the | rs ара 212: a for 
complete program in the system. This type of software | this бш о | 
development is difficult, if not impossible, to do with most .«BUILDS... DOES» Used to create a new defining word, 
other high-level languages. | | with execution-time routine for this 
data type in higher-level FORTH. 
| reate а user variable. 
FLOATING POINT FUNCTIONS и ан 
AIM 65/40 FORTH contains both a single- (16-bit) and double- MEMORY 
(32-bit) precision integer arithmetic capability. In AIM 65/40 @ Fetch value addressed by top of stack. 
or RM 65 applications where floating point arithmetic is | Store n1 at address n2. 
. desired, the AIM 65/40 Math Package may be used in con- се Fetch one byte only. 
_ junction with the FORTH ROMs. These floating point func- >: Store one byte only. | 
tions may be called using FORTH words included in the math | _ Print contents of address. 
Xt. Add second number on stack to 
package ROM. When this ROM is installed in socket Z63 on contents ofaddiess oñ Їр. 
the AIM 65/40 SBC Module, the floating point math words CMOVE Move n3 bytes starting at address n1 to 
can be automatically linked to the FORTH dictionary during ` area starting at address n2. 
FORTH initialization. The AIM 65/40 Math Package can also FILL Put byte n3 into n2 bytes starting at 
be installed in either an RM 65 SBC module based system address n1. | 
for operation in the RM 65 environment. ERASE Fill n2 bytes in memory with. zeroes, | 
beginning at address п1. 
BLANKS Fill n2 bytes in memory with blanks, 
beginning at address n1. 
TOGGLE | 


Mask memory with bit pattern. 


NUMERIC REPRESENTATION 


. DECIMAL Set decimal base. . 
. $C000-$DFFF FORTH Program HEX Бей hexadecimal base. 
BASE Set number base. 
$8000-$8FFF Math Package Program | ; 
| DIGIT Convert ASCII to binary. 
$780-$7FF Terminal Input Buffer | | 
: | 0 The number zero. 
$760-$77Е User Variables 
EU ды ec 1 The number one. 
$700-$75F FORTH User Variables 
2 The number two. 
$AB-$C4 Math Package Variables 3 Е 
10-$A8 FORTH Variabl | : | 
5 | 5 о ariables 4 The number four. © — ТСИ 


Аб5/40-7050 _ 


FORTH WORDS (CONT'D) 

ARITHMETIC AND LOGICAL 

+ Add. 

D+ Add double-precision numbers. 

- Subtract (n1 — n2) 

. Multiply, 0 

/ Divide (n1/n2). 

MOD Modulo (i.e., remainder from division). 

[МОР Divide, giving remainder and quotient. 

/MOD Multiply, then divide (n1-n2/n3), with 

| double intermediate. 

4 Like -/MOD, but give quotient only. 

Unsigned multiply leaving double 

product. 

U/ . ., Unsigned divide. 

М" . Signed multiplication leaving double 

_ product. 

M/ Signed remainder and quotient from 
double dividend. 

M/MOD Unsigned divide leaving double quotient 
and remainder from double dividend 

. and single divisor. 

MAX . Maximum. 

MIN Minimum. 

+ - Set sign. . 

D+ – Set sign of double-precision number. 

ABS Absolute value. 

DABS Absolute value of double-precision 
number. 

NEGATE Change sign. 

DNEGATE Change sign of double-precision 
number.. 

S- >D Sign extend to double- -precision 
number. _. 

1 + Increment value оп top of stack by Т: 

2 + Increment value оп top of stack by 2. 

1- . Decrement value оп top of stack by 1. 

== Decrement value on top of stack by 2. 

AND Logical AND (bitwise). 

OR Logical OR (bitwise) 

XOR аси exclusive OR (bitwise). 

COMPARISON OPERATORS 

« True if n1 less than n2. 

> True if n1 greater than n2. 

= True if top two numbers are equal. 

0« True if top number negative. 

= True if top number zero. 
U< True if u1 less than 12. 
NOT Same as 0=. 


MISCELLANEOUS AND SYSTEM 


(<comment>) 


Begin comment (terminate by right 
parentheses оп same line). 
Alter PFA to CFA, 


Alter PFA to NFA. 


Alter NFA to PFA. 

Alter PFA to LFA. 

Top of memory. : 

Clear return stack and return to 
’ terminal. 
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CONTROL STRUCTURES 


ОО... LOOP Set up loop, given index range. 

ОО :.. +LOOP Like ОО... LOOP, but adds stack 
| — value to index. 

| . Place current index value on stack. 

LEAVE | Terminate loop at next LOOP or 


BEGIN... UNTIL - 


BEGIN...WHILE ` 


. REPEAT | 


BEGIN...AGANN .- 


IF... THEN © 


. ELSE ... THEN 


. END 


ENDIF 


+ LOOP. 


Loop back to BEGIN until true at 


UNTIL. 


С Loop while true at WHILE, REPEAT _ 


. loops unconditionally to BEGIN. 

Unconditional loop. | 

If top of stack true, execute: following - 
‚ clause THEN continüe; otherwise. 
continue. at THEN. 


If top of stack true, execute. ELSE 


clause THEN continue; otherwise . 
execute following Clause, THEN | 

. continue. 

Alias for UNTIL. 

Alias for THEN. 


COMPILER-TEXT INTERPRETER 


[COMPILE] 
COMPILE . 


LITERAL 
DLITERAL 


EXECUTE 


p 


] 


DICTIONARY CONTROL 


CREATE 
FORGET 


HERE 
ALLOT 


TASK 


- FIND 


-DP 


C, 


PAD А 
IMMEDIATE | 
ІМТЕВРВЕТ 


(АТЕ5Т 


ШТ 

CLIT 
LITERAL 
SMUDGE 
STATE | 


. Force compilation of IMMEDIATE word. 
. Compile following <пате> into 


dictionary. 
Compile a number into a literal. 


Compile a double-precision number into 


a literal. 
Execute the definition on top of stack. 
Suspend compilation, enter execution. 
Resume compilation. 


Create a dictionary header. 


FORGET all definitions from «name» 


on. 


| Returns address of next unused byte in 


the dictionary. j 
Leave a gap of n bytes in the 
dictionary. 
A dictionary marker. rope 
Find the address of <name> in ‘the 
dictionary. 
Search dictionary for <name>. 
User variable containing the dictionary 
pointer. 
Store byte into dictionary. 
Compile a number into the dictionary. 
Pointer to. temporary buffer. 


"~ Рогсе execution when compiling. 


The Text Interpreter executes or. 
compiles. 

Leave name field address (SEA) of top 
word in CURRENT. | 

Place 16-bit literal on the stack. 

Place byte literal on the stack. 

Compile a 16-bit literal. 

Toggle name SMUDGE bit. 

User variable containing а 


2 state. 
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FORTH WORDS (CONT'D) 


OUTPUT FORMATTING (CONT'D) 


USER VARIABLES | 


. User ibn (ог 211. 


U?IN # Convert next digit of double-precision 
U?OUT . User variable for ?OUT. , Number and add character to output 
U?TERMINAL ° User variable for ?TERMINAL. String. 
U-CH ~ User variable for -CR #5 ’ Convert а! significant digits of double- 
UABORT User variable for ABORT. precision number to output string. 
UB/BUF User variable for B/BUF. SIGN Insert sign of n into output string. 
UB/SCR ` User variable for B/SCR. ` #> Terminate output string (ready for 
UC/L User. variable for СЛ... |... ТҮРЕ). 
'"UCLOSE . User variable for CLOSE. HOLD . Insert ASCII character into output 
UCR ' User variable for СА. | _ String. 
МЕМІТ с User variable for. EMIT. HDL Hold pointer, user. variable. 
UFIRST _ User variable for FIRST. - TRAILING Suppress trailing blanks. | 
UKEY . . User variable for KEY. LINE Display line of text from mass storage. 
ULIMIT de User variable for LIMIT. COUNT Change length of byte string to type 
| Кая form. 
| MONITOR & CASSETTE Ша Print number оп р of stack.. 
.R Print number n1 right justified n2 
MON Ext to AIM 65/40 Monitor. АБ: Print double-precision number п2 n2. 
CLOSE ` Close tape file. D.R Print double-precision number n2 n1 
?IN а Set to active input device (AID). 8.2. right justified n3. places. 
?OUT Set to active output deyice (AOD). DPL Number of digits to the right of decimal 
GET Input a character from the AID... . point | 
PUT Output a character to the AOD. 
READ Input n2 characters from AID to VOCABULARIES kc ees a | 
И address n1. CONTEXT . ' Returns address of pointer to - 
“WRITE Output па characters to AOD at | CONTEXT vocabulary. 
КЕЎ address n1. CURRENT Returns: address of pointer to 
SOURCE Compile from the AID. р - CURRENT vocabulary. 
FINIS Terminate complete from SOURCE. FORTH Main. FORTH vocabulary. 
4 | ASSEMBLER Assembler vocabulary. 
INPUT-OUTPUT DEFINITIONS Set CURRENT vocabulary to 
| | СОМТЕХТ. 
2. 515. шылы P VOCABULARY <пате> Сгеа!е new vocabulary. 
SPACE Type one space. VLIST Print bain of all words in CONTEXT 
: уосаршагу. 
Бақы ud SCING: VOC-LINK Most recently defined vocabulary. 
" ^ Print text string (terminated Бу”). VIRTUAL STORAGE 
DUMP Dump n2 words starting at address. | 
ТУРЕ „Туре string of n1 characters starting at LOAD Load mass storage screen (compile or 
address n2. execute). 
7TERMINAL .. True if terminal break request present. _ BLOCK Read mass storage block lo memory 
‚ KEY ` Read key, put ASCII value on stack. Ps address. gU | 
EMIT Output ASCII value from stack. В/ВУЕ System constant giving mass storage 
EXPECT © Read пі characters from input to block size in bytes. 
NE - address n2. B/SCR Number of blocks/editing screen. 
WORD Read. one word from input stream, until BLK System variable containing current 
^' delimiter. | block number. . 
IN User variable contained within TIB. SCR System ied containing current 
| $ | | screen number. 
dn ^ Output a SPACE character. UPDATE Mark last buffer accessed as updated. 
ета Nümber of characters/line. FLUSH Write all updated buffers to mass 
| | -storage. 
TIB 2. input buffer start EMPTY-BUFFERS Erase all buffers. 
QUERY ' "Input text from terminal. +BUF Increment buffer address. 
ID. Print <name> from name # field BUFFER Feich next memory butler. 
address (nfa). RW User read write linkage. 
· HANG Wait for keystroke. USE ae containing address of next 
Xd uffer. 
OUTPUT FORMATTING | PREV не containing address of latest 
г " | uffer | 
NUMBER Convert string at address to double- FIRST Leaves address of first block buffer. 
precision number. OFFSET User variable block offset to mass 
- <# Start output string. PE storage. 
--> Interpret next screen. 
:5 Stop interpretation. 


А65/40-7050 
FORTH WORDS (CONT'D) 


PRIMITIVES | 

OBRANCH Run-time conditional branch. 

BRANCH | . Run-time unconditional branch. 
ENCLOSE ` Text scanning primitive used by WORD. 
RO Location of Return Stack. 

50 Location of Parameter Stack. 

RP! Initialize Return Stack. 

SP! Initialize Parameter Stack. 

NEXT The FORTH virtual machine. 


MATH PACKAGE FORTH WORDS (A65/40-7040)* 


FLOATING POINT ARITHMETIC 


Е+ Adds two floating point numbers. 

F= Subtracts one floating point number 
from another floating point number. > 

F* Multiplies two floating point numbers. 

F/ Divides one floating point number by 


another floating point number. 


UTILITY, SIGN AND COMPARISONS 


FABS Takes the absolute value of a floating 
point number. 
INT  Truncates a floating point number to an 
| integer. | 
SGN Converts the sign of a floating point 
number to a floating point number. 
FSIGN - Gets a value corresponding to the sign 
of a floating point number. · 
FCOMP :Сотрагеѕ the value of a compacted 
number in memory to a floating point 
number. · 
POLYNOMIAL 
POLY .. Evaluates a polynomial with 
EE _ consecutive exponents. . 
POLYODD | . Evaluates a polynomial with ! odd 
| exponents. 


EXPONENTIAL AND LOGARITHMIC 


SQR = | Takes the square root of a floating point 
3 number. 
> Raises one floating point number to the 
power of another floating point 
| number. 
‚ ЕХР Raises the transcendental number e to 
the power of a floating point number. 
LOG эз Computes the logarithm to the base 10 
; (i.e., common log) of a floating point 
| number. 
. LN Computes the Берик to the base e 
~ (ће. natural log) of a floating point 
number. 


"Requires AIM 65/40 FORTH ROMs be resident. 
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SECURITY 

ICSP Store stack position | in check stack 
pointer. 

?COMP Р Error if not compiling. 

?CSP Check stack position. 

ЗЕВВОН Output error message. 

?EXEC ` Not executing error. 

?PAIRS Conditional not paired error. 

?STACK Stack out of bounds error. 

ABORT Error; operation terminates. 

ERROR Execute error notification and restart 
system. 

MESSAGE Displays message. 

WARNING Pointer to message routine. 

FENCE Prevents forgetting below this point. 

WIDTH Controls significant characters of 

| <name>. 

USER VARIABLE 

MIN-WIDTH Specifies the minimum field width to be 
output. | | 

DEC-LENGTH Specifies the number of places to the 
right of the decimal point to be 
output. | 


ASCII/FLOATING POINT CONVERSIONS 


FIN Converts a number in memory from 
ASCII to floating point format. 

FOUT Converts a number from floating point 
to ASCII. 


FORMAT CONVERSION AND DATA MOVING 


M>F ^ 3 Unpacks the compacted number in 
memory to floating point. 
Е>М Packs the floating point number to 


compacted format and stores the 
result in memory. 


М>А Unpacks the floating point number іп 
memory. 
5>А Converts an integer to floating point 
format. 
S>F · Converts an integer to floating point 
| format. 
Е>5 Converts a number from floating point 


to an integer. 


TRIGONOMETRIC AND UNITS CONVERSION 


SIN | Calculates the sine of a floating point 
| number (in radians). — 
COS Calculates the cosine of a floating point 
| number (in radians). 

TAN Calculates the tangent of a floating 
point number (in radians). 

ARCTAN Calculates the arc tangent of a floating 
point number. 

DEGREES Converts a floating point number from 
radians to degrees. 

RADIANS Converts a floating point number from 


degrees to radians. 


~ 


Rockwell 


A65/40-7052 
. AIM 65/40 Microcomputer Family 


A65/40-7052 "E 
AIM 65/40 FORTH TARGET COMPILER. 


FORTH LANGUAGE 


FORTH is a unique programming language well suited to a 

variety of applications. Originally developed for real-time control 

applications, FORTH has features that make it ideal for machine 

and process control, energy management, data acquisition, 

automatic testing, robotics and other input/output intensive 

applications where assembly language was previously consid- 
ered to be the only possible language choice. 


FORTH actually provides the best of two worlds. It has the 
looping and branching constructs of high-level languages (DO 
. LOOP, BEGIN ... END, IF ... THEN and IF ... ELSE 
.. THEN) and the code efficiency of machine and assembly 
languages. FORTH allows programmers to specify addresses, 
operands and data in hexadecimal, octal, binary or any other 
number base from two to 40—a distinct advantage over lan- 
guages like BASIC, where all information must be in decimal. 


FORTH TARGET COMPILER 


The FORTH Target Compiler generates object code from appli- 
cation programs written in FORTH. The object code is a compiled 
composite of the user's application vocabulary and those portions 
of the Target Compiler nucleus necessary to support the appli- 
cation vocabulary. The disk-based FORTH Target Compiler 
operates on the. AIM 65/40 Microcomputer in conjunction with 
the AIM 65/40 FORTH Interpreter ROMs, the RM 65 Floppy 
. Disk Controller (FDC) module and the AIM 65/40 BDOS 1.0 
Upgrade Kit. 


The compiled object code, located at a user-specified origin with 
optional auto-start vectors, will execute in any 6502 CPU-based 
microcomputer system supporting the runtime nucleus memory 


map requirements. Application programs can also be developed 


to run on AIM 65/40 or RM 65 SBC module-based systems with 
supporting RM 65 memory -and input/output modules, e.g., 
Analog Input/Output, IEEE-488 Interface, and Multi-function 
- Peripheral Interface. Linkage to RM 65 Floppy Disk Controller, 
CRT Controller, and IEEE-488 module, as well as the AIM 65/ 
40 VO and Math Package, firmware can also be included for 
expanded application systems. 


FEATURES 


e Fully compatible with FORTH programs developed with AIM | 


65 or АМ 65/40 FORTH Interpreter ROMS 


e Disk-based compiler operation with vocabulary overlays for 
—Text Editing 
—Disk Interfacing 
—Serial Input/Output 
—Compiling 
—Special Utilities 
e Easy compiler operation 
—Load screen direction 
—Compile tracing (mapping) 
—Compiles to RAM and/or disk | 
• Includes 6502 Macro Assembler with 
—Forward references: 
—Symbolic labels 
—Relative branches 
Efficient object code generation 
—ROMable object code 
—Standalone operation ` 
—Minimum runtime nucleus - 
--Орітігесі FORTH compiled vocabulary 
—User-specified origin 
Flexible target computer installation. 
—System independent (runs on any 6502 CPU-based system 
with minimal runtime memory map requirements) or 
| —AIM 65/40 ог ВМ 65 /О КОМ autostart capability - 


ORDERING INFORMATION | 


Description 


AIM 65/40 FORTH Target Compiler 

АМ 65/40 FORTH Interpreter ROMs‘ 
AIM 65/40 BDOS 1.0 Upgrade Kit" | 
AIM 65/40 Math Package ROM? 


AIM 65/40-7052 
AIM 65/40-7050 
| AIM 65/40-7092 
AIM 65/40-7040 


Order No. Description 


АМ 65 and AIM 65/40 FORTH Target 
Compiler User’ s Manual? 
| АМ 65/40 FORTH User's Manual 
‚ АМ 65/40 Math Package User's Manual^! 
Notes: | Ко. 


(1) Required for FORTH | Target Compiler operation. 
(2) Requires RM65-5101NE FDC module. 

(3) Included with A65/40-7052. | 

(4) Included with A65/40- 7050. 

(5) Included with A65/40-7040. 

(6) Optional 


Document No. 29001D19 


Data Sheet Order No. D119 
Rev. 1, January 1984 
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DEVELOPING FORTH PROGRAMS 


FORTH is built on subroutine-like functions, called "words." 
These words are linked together to form a "dictionary," which 
is the central core of the language. Writing a program in FORTH 
consists of using the dictionary words to define each new word. 
Once the new word has been defined it is added to the system 
dictionary and it becomes as much a part of the language as 
any other word that has been previously defined. In this way 
new features and extensions can be added by simply defining 
. one or more new words. 


FORTH is a А language, and is programmed іп 
Reverse Polish Notation (RPN), the notation that is used in 
Hewlett-Packard scientific calculators. A data stack is ап 
extremely efficient way of passing variables back and forth 
between operations and eliminates the need to tie up memory 
locations with variable tables. | 


FORTH programs are developed using “top-down/bottom-up” 
techniques. That is, the programmer begins by defining the pro- 
gram in very general terms, then systematically breaks these 
definitions down into more and more detailed sub-modules. 
When the lowest levels of sub-modules have been defined, 
FORTH coding begins with those levels, working back up toward 
the top of the program, in pyramid fashion. Each sub-module 
is a stand-alone component of the program, and can be 
debugged without having the complete program in the system. 
The interactive nature of FORTH supports this time efficient 
development technique. | 


In most time-critical applications, at least part of the program 
. must be written in assembly languages. FORTH has a built-in 

6502 macro assembler, and allows assembly language coding 
at almost any point in your program, without separate assembly 
and load steps or special machine level linkage. FORTH pro- 
grams typically run up to ten times faster than other interpretive 
languages, and can even approach the speed of machine lan- 
guage programs for some applications. 


The application program is developed, debugged and integrated 
with the user interface using the ROM-based FORTH Inter- 
preter. After program validation, the application is compiled into 
stand-alone object code with only required portions of the Target 


Required 
Peripherals/ | 
Firmware 


RM65-7141E АМ 65 Cable Adapter & Buffer 


Module for АМ 65/40: 
RM 65 4-Slot Card Cage - 


RM 65 Floppy Disk Controller (FDC) 
Module (Without ROM) 


AIM 65/40 DOS 1.0 ROM, or 

AIM 65/40 BDOS 1.0 Upgrade Kit 
AIM 65/40 Math Package ROM 

AIM 65/40 FORTH ROMs 

Floppy Disk Drives (2) 

| САТ Мопйог 

Notes: X = Required in addition to host microcomputer. 


RM65-7004E . 
RM65-5101NE . 


A65/40-7090 


А65/40-7092 
А65-40-7040 
А65/40-7050 


АМ 65/40-2000 (АМ 65/40 SBC Module with 
32K RAM, Monitor ROMS, Extended 
Keyboard, and VDC Module) : 
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AIM 65/40 FORTH Target Compiler 


Nucleus. The compiled byte count will generally be less than 
the separate application/interpreter byte count. 


FORTH TARGET COMPILER OPERATION 


The disk-based, two-pass, FORTH Target Compiler compiles 
object code in one of two modes: BIG.COMPILE or QUICK. 
COMPILE. The QUICK.COMPILE mode compiles the entire 
object code directly to RAM then saves the compiled code on 
disk. The BIG.COMPILE mode compiles to 1K-byte buffer areas 
in RAM. When the buffer is full, the buffer contents are trans- 
ferred to disk then compilation continues. The BIG.COMPILE 
mode optimizes object code RAM requirements although it com- 
piles slower than the QUICK.COMPILE mode. 


Operation of the compiler is directed by one or more LOAD 
SCREENS. This technique provides the user with complete 
control of compiler variables, origin statements, cold start vec- 
tors and utility routines. The LOAD-SCREEN(s) then specify 
which user screens to compile and in what order. 


FLOATING POINT OPERATION 


The FORTH Target Compiler provides both single-precision 
(16-bit) and double-precision (32-bit) single integer arithmetic 
functions. If floating point arithmetic is desired, code words can 
easily be defined within the application program to link to external 
floating point subroutines. The AIM 65/40 Math Package ROM, 
located at address $8000-$8FFF can be installed in the appli- 
cation system. Alternatively, user-defined floating point func- 
tions may be linked to or even provided within the code 
definitions. 


SYSTEM REQUIREMENTS 


The AIM 65/40 FORTH Target Compiler operates in an AIM 
65/40 Microcomputer with 32K bytes RAM in conjunction with 
an RM 65 FDC module with an AIM 65/40 DOS 1.0 or BDOS 
1.0 ROM installed on the FDC module. The following table lists 
two configurations of AIM 65/40 and RM 65 hardware and firm- 
ware which may be used. Other configurations can be easily 
composed depending on the users development and applica- 
tion requirements. 


Host Computer 


Аб5/40-8315 (AIM 65/40 
Microcomputer System 
—Series 8000) 


X | © xX 
X X 
optional optional 


А65/40-7052 
FORTH WORDS 


‘GENERAL PURPOSE VOCABULARY 


The following FORTH words are provided in addition to those 
provided in the A65/40-7050 FORTH interpreter r ROMs (refer | 


to Data Sheet No. 0122). 


ABORT" i 
ASCII 


COMBINE | 


COMPILING 
DISKING - 
EDITOR 
EXTERNAL 


FALSE 
H. 


HI | 
IFEND .. 
IFTRUE - 


INTERNAL 


TRUE 
U. 


UNRAVEL 
. YIN? 


2ROT 


Buts TEXT if a run-time error occurs. 


During compile time, places a CLIT and 
the literal value of CHAR ід the dictionary. 
In immediate mode, returns the ASCII . 
value on the stack. 


Combines low Bye of | and: high byte ofh 


to form n. ` 

Activates the Compiler Vocabulary среди: 
Activates the Disk Vocabulary Overlay. . 
Activates the Editor Overlay. 

Execution only. NFA d next werd to be 


defined. 
Returns a false flag. 


Prints n as ап unsigned hexadecimal | 


value. 
hou! the ee of n. 
Marks а расе. | 


| Compiles the following input; if f=1, 
-otherwise skips. 2 | 


Returns the NFA of the latest word 
defined. 


Returns the low byte of n. 


Creates word NAME that loads screen 
по. п. 


Execution only. Places NFA1 into LFA of 


МРА2. 
Stores а 0 іп ADDR. 
Stores а 1 in ADDR. 


Rotates the nth number to the top of the | 
stack. 


п= RAM space left. 


Places value n in variable or constant 
NAME. 


Returns low and high’ byte of n. 


Performs sequential LOAD's begining: at - 


screen no. n and на through 
screen по. п. 


Returns а true flag. 
Outputs n as a double- -precision number. | 


Back traces the return stack. | 

Asks the question YES? or NO?, 
depending on f, = 1 or O0. Returns Ъ as 
true or false depending on ПРУ match 
to f. 


Rotates double-precision numbers d, 
d; ds. 


Returns d3 = d x оф. 


АМ 65/40 FORTH Target Compiler 


?DEF 
?RANGE 


?URANGE 


Double- -precision OVER.. 
Double- -precision SWAP. | 


Execution only. Creates : a constant NAME 
with value n. | PR 


| Сотрагез strings at ADDRt and ADDR? 
for ri bytes. Returns {= 1 if same. | 


IF МАМЕ is defined, returns f= ME 


Returns f=1 if n2«ni «n3. for signed 
numbers. 


Returns f=1. if Beo <из Ton unsigned 


numbers. 


DISK VOCABULARY OVERLAY 


BACKUP 
BLOCKS 


COPY 
DOWN 


MASSACRE `~ 


SCREENS 
SLATE 
SWEEP 


UP 


. VERIFY 


VOLUME 


?WRONG- 


Copies all of drive 0 to drive 1. 


Copies block b1 through bi+n to block b2 
through b2+n. 


Copies block 61 to block 52. 


Beginning at block b and continuing (ог п 


blocks, copies from drive 1 to drive 0. 


Clears п blocks beginning at block b, DRO. | 
Copies screens 51 through $1 *n to | 
screens S2 through S2+n. 


WRITES blanks ($29) to block b relative to 
DRIVE 0. 


READS blocks b through b+n searching 
for disk errors. Б | 


Beginning at block b, copies п blocks from 
drive 010 drive 1. ` | 


Сотрагев blocks béginning at b1 to those | 
beginning at 02 for n blocks and displays 
errors, 


Returns the block number of the block 0 of 
drive 2 relative to drive 0. 


НЫ = b2, then sets f=1, else sets f=0.. 


'А65/40-7052 


FORTH WORDS (Continued) 
EDITOR VOCABULARY OVERLAY 


BUFFERS 
_ INSERT-BUF 


FIND-BUF 


An 80-byte buffer beginning at PAD + 80. 


An 80-byte buffer beginning а! PAD + 160. 


LINE ORIENTED COMMANDS: 


K 


LINE - 


NEW 


TILL 


>LINE# 


(DELETE) 


(HOLD) 


(KILL) 


(PUT) 


1LINE 


Swaps the contents of the INSERT-BUF 
апа FIND-BUF. >= ` 


On current screen, returns the RAM 
address of the beginning of the lines. 


~~ Replaces INSERT-BUF and lines in 


block# with current referenced line. 


Beginning at line#, clears each line and © 


allows a NEW line to be typed in. Input is 


terminated by a null line entry (CR CR). 
Clears remaining lines on the current 
screen. 


Copies text into the INSERT-BUF and the 
current line until the delimiter (CR) is _ 
encountered. 


Beginning at the current cursor address, 
deletes text unTILL the end of the 
matching text string is encountered. The 
text is held in FIND-BUF. 


Moves cursor to beginning of line# in 
current screen. Shows the line. 


Copies text into the INSERT-BUF and the 


line on the current screen under the cursor. 


Copies the current line into INSERT-BUF. 
Then deletes the line and scrolls the. ` 
screen up. The last line becomes a blank. 


Returns the current cursor пе. 


Referring to the current cursor position, 
deletes n preceding characters and calls 
UPDATE. 


Copies the referenced line number into 
INSERT-BUF and UPDATE. 


Blanks пей and UPDATE. 


Replaces the current line with contents of 
INSERT-BUF. 


Prints the current line with the cursor at 
current cursor position and the line number 
at the end of the line. 


Searches the current line after cursor 
position for a match to contents of FIND- 
BUF. Repositions cursor to it if a match is 


found and sets f—1. If no match is found, 


sets f=0 and positions the cursor to the 
next line. | 


8-73 


— АМ 65/40 FORTH Target Compiler 


STRING ORIENTED COMMANDS: 


D 


MATCH 


(F) 


ЖАО 


#LEAD 


Finds the text. deletes it and shows the 
line. 


Finds the text, positions the cursor at е. 
end of the text string and shows the line. 


Inserts the contents of INSERT- BUF into 
line at cursor position. — | 


Searches the memory space — à at 
ADDR? for CNT2 for a match of the data 
beginning at ADDR1 for CNT1. If no match 
is found, sets f=1 апа ADDR3=ADDR1 + 
CNT1. Ка match is found, sets f=0 апа 
ADDR3=address of the next byte after the 
matching string. 


Locates the text in the. buffer (a subpart of 
the F command). 


Returns the address of the character 
following the cursor and then counts to the 
end of the line. 


Returns the address of the character 
preceding the cursor and the count to the 
beginning of the line. 


SCREEN COMMANDS 


B 
L 
N 
TOP 


WIPE 


Moves to last block. 

Lists current screen. 

TAM to next block. 

Moves cursor to the top line of the text. 


Clears the entire screen. 


MISCELLANEOUS COMMANDS 


BUF-MOVE 


E 


Move non-null contents of PAD to ADDR. 


Erases the string in front of the cursor for a 
length equal to the string in FIND-BUFF. 


Replaces string. identified by FIND- BUFF 
with TEXT. i | 


Beginning at current screen and continuing 
through screen #n, searches for a string . 
match to TEXT and displays match 
occurrences. 


CURSOR COMMANDS 


Ая 


LOCATE 


>> 


Returns the cursor position (n). 


| Returns byte position of cursor and line 


number. 


jid n to cursor БИВА and displays the 
line. 


А65/40-7052 


FORTH WORDS (Continued) 


TEXT 


USE 


WHERE - | 


. Takes text from input stream unti DLIMiter 
ог character is encountered (65 characters 


maximum). Moves. text to.PAD and fills to. 


65 characters with blanks ($20). 


Displays CHAR as ihe cursor. а 


© "Displays where an error in LOADing 
стен Also shows context and current. 


TARGET COMPILER VOCABULARY 


OVERLAY 
LISTS —— 
SYMBOLS 
LOCALS - 

_ MAGICS 


| SWITCHES & FLAG WORDS (directives active during compile). 


ON 

OFF 

MAPPING 

GAG 
AUTO.FORWARD 
_ NUMERIC 

| ROMABLE 


‚ CONTROL WORDS. 


22222 FORWARD 


^^ WIDE 

SET 
WINDOW.LO 
WINDOW.HI 
DESTINATION 
RAM.LO 
RAMHI 


 USER.SIZE 


“Defines names in the object code. 


Defines: words at comple time only. 


Immediate words, 


Қ Changes switch state to ON. 


| Changes switch state to OFF. 


Prints or displays. the name and CFA of. 


_ each WORD when created. 


Suppresses most non-fatal error 
messages. 


Automatic forward reference for undefined 
words. 


Values must be preceded by a valid 
decimal character to be a valid number. 


Generates read-only code. 


Forces forward:reference of the name. = 


immediately following. 


Name field length (headerless code). 


“Changes the value of FORTH user 


storia 


! Defines the тана address space 
P i 


M Defines the target buffer block number. 


Identifies nucleus RAM boundaries. 
Extends from RAM. LO for USER. SIZE 
bytes. 


Number of bytes reserved beginning at 


RAM.LO..RAM between RAM.LO + · 
USER.SIZE and. RAM.HI is used for work 
buffers (PAD, sk) when ROMABLE flag is 


. Set. 


AIM 65/40 FORTH Target Compiler | 


ORIGIN 


FAST.COMPILE 
_ BIG.COMPILE 


. CLEAR. TARGET 


READY | 


START 


| Fills the target area with zeros. 


. | Compiler's target dictionary. | ма 


Target space will be RAM only, based оп 


WINDOW: Lo and WINDOW.HI. 


Target space Шы ұй virtual data space on 


© disk. 


PEE initializes. internal variables to their default 


value. 


| аи the сочи, Everything’ 


following this command will be interpreted 
or compiled in the simulated target 


., machine environment. 


DEFINING WORDS 


=з — 
= eI 


LABEL 


VARIABLE | 


BYTES 
RAM 


BCC, BCS, ВМЕ, 
BEQ, BPL, BMI, 
BVC, BVS, 


MAGIC WORDS 
DLITERAL 


ASCII 


DOES> 


(СОПЕ 
LOCATE 


REVEAL 


HIDE 


| 874 


Generates an equate ‘ype statement. 


For use in assembly. language to povida: 


flexibility and allow code. sharing. 


If ROMABLE is true, VARIABLE becomes 


_ а USER variable, otherwise variable is 


identical to ROM-based FORTH. 


Sets aside bytes in RAM area (like 


АШОТ). 


Equivalent to ROM command HERE. 
Returns current RAM address. 


Relative branch opcodes for assembly 
operation. 


Compiles a double number in line. 


Compiles CLIT of SAT ASCII 
character. 


Immediate word to separate «BUILDS 
DOES» into TARGET NUCLEUS and 
Target Compiler. 


Identical to CODE but also sets a pointer 


for LOCATE. . 


Ж Неве the compiler where the execution iw 


time CODE is located. 


Similar to SMUDGE. 


Sets the SMUDGE bit on the last target 


мога, 
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А65/40-7090 _ 
AIM во Mieiócompuier Femily 


p  А65/40-70900 ^ — 
AM 65/40 DISK OPERATING SYSTEM 
VERSION 1.0 (DOS 1.0) РОМ | Ec 


| bek OPERATING SYSTEM 


. A disk operating system (DOS) provides a standard interface 


_ between the user and one or more floppy disk drives, floppy disk 

. control (FDC) hardware and executive level software. The DOS, 
| implemented in software, allows program and data files to be 
opened, closed, read and written under’ operator or program 
control. In an interactive environment, commands are usually 
initiated by the operator from the keyboard in response to user 
friendly prompts displayed by the system. 


О PRODUCT OVERVIEW 


The AIM 65/40 Disk Operating System Version 1.0 (DOS 1.0) 
provides disk and file management functions for the AIM 
65/40 Microcomputer in conjunction with an RM 65 Floppy Disk 
Controller (FDC) module. With this configuration, mass storage 
_ files can be easily manipulated when connected to one to four 


E 5%" or 8" floppy disk drives. DOS 1.0 functions, contained on 


a 4K-byte ROM that plugs into the FDC module, are available 
Е immediately upon computer power turn-on without waiting for 
separate loading of a disk-based DOS into RAM. 


DOS 1.0 functions are operator commandable м inter- 


-active АМ. 65/40 Debug Monitor/Text Editor operation as well 


as language (assembler, compiler and/or interpreter) operation. 
-. "Text and program source code may be written to, and read from, 
. disk with the Editor. List and Read commands, respectively. 
Binary data and program object code may be written to, and 
loaded from, disk using the. Debug Monitor Dump and Load 
commands, respectively. Files containing source and object 
code for application programs written in AIM 65/40 Assembler, 
BASIC, and FORTH languages are therefore supported. In 
addition, utility functions format a disk, list the contents of the 
. disk directory, delete a file, recover a file and backup a disk upon 
command. The DOS functions may also be called under pro- 
gram control by the application program. into order to read oe 
write data nee 


| Disk read or r write. errors, both г at the DOS and FDC бане 
‚ level, are reported. upon detection. User-alterable variables allow 
changing of default values to application unique values. 


_ Disks formatted by АМ 65/40 DOS 1.0 are compatible with AIM 
"65 DOS 1.0 and АМ 65/40 BDOS 1.0, Files written by any of 

these DOS programs may therefore be read by either 
СОВЕТ. | 


| $3E00-$3FFF 


FEATURES 


AIM 65/40 Microcomputer compatible 

-ROM resident for immediate operation 

Installs on- -board RM 65 Floppy Disk Controller (FDC) module | 
Provides mass storage of programs and data | 


Compatible with AIM 65 high level language and 8 Assembler 
ROMs 


e Disk oriented commands (format, list, Basku. 
• File oriented commands (list, delete, recover) 
e Input/Output commands 

—Read and write text and object code 

— Automatic file open and close 
Изег-айегаме variables 


— Utility function and error handling vectors (before and after 
DOS functions) 


—Error handling vectors (before and after DOS functions) 
| —Input/output vectors | 
e Extensive error detection and reporting 


MEMORY MAP Жа et x 
ae | 


$8F00-$8FFF 
$8000-$8EFF 


АМ 65 РОС Module ИО. 
`’ DOS 1.0 Program | | 
DOS 1.0 /О Buffer (default onion 
.$500-$563 DOS 1.0 Variables | 
$4A0-$4FA | DOS 1.0 Variables 
$D7-$DE | DOS 1.0 Variables 


ORDERING INFORMATION. 


Г таи Deserpton 


А65/40-7090 
RM65-5101NE . 


оше | 


‚АМ 65/40 DOS 1.0 ROM ` 
RM 65 FDC Module (without ROM | 
. containing primitive. subroutines?) | 


Description _ 


[802 _________ РМ 65 FDC Module Users Manual” | 


МОТЕ5: 

1. Describes user's instructions for АМ 65/40 DOS 1.0. | 
Included with А65/40-7090 and RM65-5101NE. | 

2. The DOS 1.0 ROM includes. ipd subroutines in addition 
to DOS functions. 


Document No. 29001016 


Data Sheet Order No. D116 
March 1983 
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-DISK OPERATING SYSTEM 


A disk operating system (DOS) provides a standard interface 
between the user and.one or more floppy disk drives, floppy disk 
control (FDC) hardware and executive level software. The DOS, 


implemented in software, allows program and data files to be 


opened, closed, read and written under operator or program 

control. п an interactive environment, commands are usually 
initiated by the operator from the keyboard in response to user 
friendly prompts displayed by the system. 


PRODUCT OVERVIEW 


The AIM 65/40 Bootstrap Disk Operating System Version 1.0 
(BDOS 1.0) provides disk and file management functions for the 


AIM 65/40 Microcomputer in conjunction with an RM 65 Floppy . 


Disk Controller (FDC) module. With this configuration, mass 
storage files can be easily manipulated when connected to one 
to: four 5%” or 8" floppy disk drives. BDOS 1.0 functions, con- 
tained on a 4K-byte ROM that plugs into the FDC module, are 
available immediately upon computer power turn-on without 
‘waiting for separate loading of a disk-based DOS into RAM. 


The AIM 65/40 BDOS 1.0 provides a bootstrap and autostart 
capability in addition to the same functions as AIM 65/40 DOS 
1.0 (A65/40-7090). It is also located higher in memory than AIM 
65/40 DOS 1.0 10. allocate RAM at $8XXX to disk-resident 
system or application software. If neither AIM 65/40 Debug 
Monitor nor BASIC Interpreter ROMs are installed, a bootstrap 
function can be read from.the disk and executed to load and 
autostart an application program. The BASIC or Debug Monitor 
command level will be entered if the AIM 65/40 BASIC or Debug 
Monitor ROMs are installed (BASIC overrides the Debug Mon- 


| a itor) unless overridden by an application autostart via the AIM 
° 65/40 VO ROM. АМ 65 BDOS 1.0 does not contain DMA rou- 


tines, however, indirect vectors are provided for user addition. 


Disks formatted by AIM 65/40 BDOS 1.0 are compatible with 
AIM 65 DOS 1.0 and AIM 65/40 DOS 1.0. Files written by any 
of these DOS Розата may therefore be read by either 
microcomputer. 


The upgrade kit includes: 


For installation on RM 65 FDC Module 
AIM 65/40 BDOS 1.0 ROM 
Еос Module addressing PLA (495R23- -003) | 


For installation on the AIM65/40 SBC Module 
АМ 65/40 ИО ROM V1.1 (R32T3-14) 
AIM 65/40 Monitor/Editor ROMs V1.1 
(R32U5-13 and R32U6-13) | 


A65/40-7092 
AIM 65/40 Microcomputer Family 


|  . 465/40-7092 — EE 
AIM 65/40 BOOTSTRAP DISK OPERATING 
SYSTEM VERSION 1.0 UPGRADE КІТ 


FEATURES 


е АМ 65/40 Microcomputer compatible 

e ROM resident for immediate operation | | 

e Installs on-board RM 65 Floppy Disk Controller (FDC) module 
• Provides mass storage of programs, and data 

e 


Compatible with AIM 65 high level language and Assembler 
^». ROMs : 


e Disk oriented commands а list, —Ó—9 
File oriented commands (list, delete, recover) 
Input/Output commands 

— Read and write text and object соде 
—Automatic file open and close . 

• User-alterable variables 


= Utility function and error | handling \ vectors (before and after | 


DOS functions) 
—Input/output vectors ` 
— ИО buffer vectors | 
e Extensive error detection and reporting 


MEMORY MAP 


Address (Hex) 


$E000-$EFFF 
|| ТОР OF ВАМ 

$500-$563 

$440-$4РА > 


Contents 


DOS 1.0 Program 
DOS 1.0 УО Buffer 


|^ DOS 1.0 Variables: 
| | DOS 1.0 Variables 
$D7-$DE | | \ DOS 1.0 Variables - 


ORDERING INFORMATION - 
рамо [ би — | 


A65/40-7092 AIM 65/40 BDOS 1.0 Upgrade Kit 
RM65-5101NE | RM 65 FDC Module (ио НОМ селата” 


primitive subroutines!) 


· Description | 


AIM 65/40 8005, 1.0 User's Manual? 
AIM 65 Monitor/Editor Program Listing 
АМ 65/40 System User's Manual 
АМ 65/40 /О ROM Program Ene 


_ Notes: 
1. BDOS 1. 0 ROM in upgrade kit includes primitive subroutines 

in addition to DOS functions. = 
2. Included with A65/40-7092 ` 


Document Мо. 29001029 | 


Data Sheet Order No. D129 
. Rev. 1, January 1984 


w ees SECTION 9 | 
RM 65 MICROCOMPUTER MODULE FAMILY 


| | | ср 4 | Раде 
Product Family Overview У ео ax uta dard PINE Mu ка 92 | 
RM65-1000E Single Board Computer (sec) в Module к юы кү бы 
_ RM65-0110 /О.НОМ........ Е Со ы ысы НС е E s 
RM65-0122 Run-Time BASIC INTERPRETER РОМ. BE OAs m E 2... 98 
RM65-0152 Run-Time FORTH ROM ............. T СТ ВОДА а die ы 9-10 

© RM65- 2901E PROM Programmer МойШе............... P NL вата б 9-15 

_ВМ65-3108Е 8K Static RAM Module ..... CCP DO MENFE 921 
АМ65- 3132Е 32K Dynamic RAM Module Mig uides es pida Lcd ere КОЕР brutis 9-25 
RM65-3216E 16K PROM/ROM Module ........ T EE n) 
RM65-3264NE Univeral Memory Модше.................. T" ... 9-33 

_ВМ65-5101Е Floppy Disk Controller (FDO). Module... Пи ЭЖА IOS а 937. — 
RM65-5102E CRT Controller (CRTC) Module ...... 5% nr ил ds 3 др 5.9438 

_ RM65-5104E Direct Memory Access Controller ! Module. о к КО 20949 — 

ч RM65- 5222Е General Purpose. Input/Output (GPIO) and Timer Module an ic А 9-54 E 

n АМ65-5223Е Multi- Function Peripheral Interface (МРІ) Module. . LE ea ue у. 68 < 
| ВМ65- -5302E and RM65-5303E Analog input М Module and. ы. 7. uec GANT КИК 

Analog Input/Output. Module MOM e и M CN NM аз ЕЕ 9909. 

P RM65- 5451E Asynchronous Communications | Interface Adapter (ACIA) Module. ши . 9-69 | | i 
_АМ65-7004Е and RM65-7004NE 4-Slot Piggyback Module Stack and Motherboard . 2 973 — 
RM65- 7008E and RM65- 7008NE 8- Slot Саға Саде апа Motherboard. пре и Mo RABIA . 9-78 | 

_ RM65-7016E and RM65-7016NE 16-Slot Card Cage and Motherboard | Rer ФАИ е 

_ RM65-7101E Single Card Adapter Module for AIM 65. Ха ДВЕ а EDIT M 

_ ВМ65-7102Е IEEE-488 Bus Interface Модие.... Rp о и Мр Ра а свод к 

.. ВМ65-7104Е Adapter/Buffer Module for AIM 65. aS қалана VEG EE Le 

_ RM65-7116E RM65 Cable Driver Adapter/Buffer Module for Ам, 97405 s 

_ RM65-7141E Adapter Cable and Buffer Module for AIM. 65/40. т орға» С BAIT "us 4 
НМ65-7201Е Design Prototyping Module К an к 
RM65- 7211Е Extender Module ........... ec uu : л у о, rs 9-120. 2 


АМ 65 MICROCOMPUTER MODULE FAMILY 
Standard Boards Cut Design Costs, Offer Flexibility 


RM 65 microcomputer modules offer a simple solution to 
designing hard working blue соһаг microcomputer systems. 
You start with an R6502 based single board Eurocard-sized 
computer. Then you add functions, exactly as required, with 
additional Eurocards. Program your system in either FORTH 
or BASIC, control essentially any peripherals the system 
may need. There's no more optimum way to quickly and 
economically put together prototype and small to medium 
run systems. | 

The RM 65 family includes a single board ВЕ 
memory, general purpose I/O, intelligent peripheral 
controllers and accessory modules. Silicon software 
supports the family with BASIC, FORTH and peripheral 
drivers. Plus, the family includes card cages, buffers, 
adapters, cabling, extender module, everything needed 
for complete system implementation. | 


The RM 65 microcomputer modules are all Eurocard 
sized, 100 mm x 160 mm. Memory modules include 8K 
static RAM, 32K dynamic RAM, 16K PROM/ROM and a 
PROM programmer. ROMs include І/О, BASIC and FORTH. 
There is ап IEEE-488 module, general purpose I/O and 
timer module, ACIA module, and a ео а 


r controller module. 


An analog input/output module allows an : RM 65 system 
to interface with thermocouples, strain gages, pressure 
sensors and similar analog devices. Floppy disk and CRT 
controller modules allow RM 65 systems to drive displays 


and removable memory. A direct memory access controller 


allows RM 65 systems to have high data transfer rates 
when needed. 

Since the RM 65 blue collar family is азана: around the 
86500 family, systems can be readily redesigned into 
R6500 devices as volume or application warrant.:RM 65 lets 


уои design custom systems with Standard boards, » buying. 


only what you neen when yoù need it. 
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RM65- 1000Е | 
ям € 65 5 Microcomputer Family 


| RM65-1 000Е - 


RM65 SINGLE BOARD COMPUTER 


(SBC) MODULE. 


Е RM 65 MICROCOMPUTER MODULES - 


_ The RM65- 1000Е Single Board Computer Module i is one of the | 
hardware options available for the: RM 65 Microcomputer, Module 
m јату. TE 4 | 


АМ 65 Microcomputer Module are designed for OEM and end 


user microcomputer applications requiring state-of-the-art per- 
formance, compact size, modular design and. low cost. Software 
for RM 65 systems can be developed in R6500 Assembly Lan- 


“guage, PL/65, BASIC and FORTH. Both BASIC and FORTH аге | 


available in ROM and can be incorporated into the user 5 system. 


RM 65 Microcomputer Modules use a певана interconnect 
_ concept and accept апу card іп any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
. tions. A selection of card cages provides packaging flexibility. 
.. ВМ 65 products may also be used with Rockwell АМ 65 and 


AIM. 65/40. Microcomputers for product development and for a 


broad variety ог каре ог 4. neon applications. 


PRODUCT OVE RVIEW - 


The RM65-1000E Single Board Computer (SBO) Module allows. 


~  usersto design their products into compact modular. stacks. The 
Du SBC module plugs into a single slot in an RM 65 card cage/ 
motherboard and controls other memory and /О modules. The 


_ heart of the SBC module is ап R6502 CPU, which is capable | 


of addressing 65K bytes of memory. In addition, the SBC module 


contains bank address logic which allows addressing оѓ опе or | 


two 65K byte memory banks. Sockets on the module accept up 
to 16K bytes of PROM/ROM. 2K пури of static RAM are also 
provided. 


s An R6522 Versatile Interface Adapter (VA) soldes мо 8-bit | 


parallel /О data lines, two 2-bit control lines, two counter-timers 
and an 8-bit shift register. On-board switches assign memory 


. Sections to 4K byte blocks. АП address, data and control lines E 
. . are buffered. | " 


ORDERING IN FORMATION 


Description 


ae O00E - 


Сошене. | 


809 | 


Single Poar Computer (SBC) Module. 
Description 


ee Board Computer (SBC) Module User's | 
‚ Manual поша with RM65- 10008) 


Document No. RMA65N10 


FEATURES 


• Сотрас! size—about 4" x би". (1 00. mm х 160 mm) 
e Pin and socket bus connection. ish 
e On- board R6502 CPU ` 
e 2K 0f 2114 static ВАМ. pg | 
e Two sockets for up to je < Ваоцћом | 
• Supports the following. PROM/ROM or. equivalents . Ка 
о — TI TMS 2516, TMS 2532 and Motorola MCM 68764 PROMs 


1 —Rockweil R2316, R2332, ог R2364 ROMs 


R6522 Versatile · Interface Adapter (VIA) and VO Interface. 

e Fully Buffered Address, Data, and Control lines | for RM 65 
Bus | 

Separate. switches allow ВАМ, PROM/ROM, апа VIA to be 
individually dedicated to one or two 65K byte memory banks 


e Jumpers allow selection of the following _ 
—2K, 4K or 8K PROM/ROMs 


— ВАМ, PROM/ROM and О защо address to 4K byte 
boundary | 


“--Оп-роага ог External bank adiffessing's source 
— Programmable DMA Terminate | 
—On-board or external PEOR source 

+5V operation B 

e Fully assembled, tested andis warranted | 


RM65-1000E Single Board Computer (SBC) Module 


Data Sheet Order No. RM10 
_ Rev. 2, Мау 1983 | 


_ВМ65-1000Е 
FUNCTIONAL DESCRIPTION 


The Clock Circuit uses a crystal-controlled oscillator to próvide 


a stable 1-MHz clock reference. A jumper selects between the · 


internal clock reference or an external clock (to 1 MHz) as ше 
source for the R6502 and the derived'system clock. i 


The Reset Control circuit conditions.the Reset signal to drive 
the R6502 Reset line. A reset can be generated by either the 
on-board reset pushbutton or an external switch. This circuitry 
also generates a reset automatically, upon power-up. ` гас 


Тһе А6502 Central Processing Unit (CPU) is the heart of the 


SBC Module and any interfacing Modules connected to the RM 


65 Bus. The R6502 controls all program execution by means. 


of the address, data, control, and timing lines. All internal А6502 
operations are synchronized о the. clock source. 


The Bank Select Control circuit detects when the вс Module's 
assigned memory bank is addressed, by comparing the Bank 
Address signal to the Bank Select Enable апа Bank Select 


. Switches. The Bank Select Enable Switches. allow all on-board 


.PROM/ROM, RAM, & VIA to be independently assigned common 
to both Bank 0 (lower 65K) and Bank 1 (upper 65K) or dedicated 
to either Bank 0 or. Bank 1, depending on the Bank Select 


switches. A jumper allows the Bank Address signal to be driven _ 


by the on-board А6522 МА ог from another module. 


The Base Address Décoder t uses the six most-ignificant paises 
bits and the Base Address Jumpers to generate chip selects for 
the on-board PROM/ROM, RAM, and VIA. The RAM.and VIA 
can be independently mapped into any 4K block of the selected 
65K bank. Тһе PROM/ROMs. may be mapped into any 4K or 
8K block of the selected bank. 


The 16K PROM/ROM section has two sockets which can accept 
2K, 4K or 8K PROM/ROM devices. The size and type of PROM 


ІЮ CONNECTOR 


SELECT ^ 
| SWITCHE 5 


1 „|. ВА 
| : SELECT 
: rel. CONTROL 
зет % 
_SWITCHES 


conn Dem 


DECODER 


ADDRESS 
НЕКА 
RESET CONNECTOR 


REMOTE 
RESET 
: : ВЕЗЕТ 1 
CONTROL 
RESET 
SWITCH { 
Ld 


CLOCK 
SOURCE 
SELECT 
JUMPER 


1MHZ 
CLOCK 
CIRCUIT 


Single Board Computer (SBC) Module 


or ROM is specified by the Base Абаева selection jumpers and | 


; me PROW ROYI type jumpers. 


The 2K RAM section uses four 1 K> х 4 ВАМ devices to provide 
on-board read/write memory. | 


Тһе R6522 Versatile Interface Adapiek (VIA) НЕ И 
output capability to the SBC Module. Тһе VIA provides two 8- 


bit МО ports each with two.control lines. Both ports and control | 


lines are Drought out to a connector for user applications: 


| Тһе SBC Module can control ир to 15 additional support mod- 
ules by means of the RM 65 Bus. There are three groups of. 


signals on the RM 65 Bus: data, as and Солто 


The Data Transceivers invert and anster eight bits of parallel 
data between the SBC Module and the RM 65 bus. The direction 
of the transceivers is controlled by the read/write signal from the 
R6502. The transceivers are disabled when the on-board PROM/ 
ROM, RAM; or VIA is addressed or when the Bus Float: ida 
from the RM 65 Bus is active. 


The АДЫ Buffers invert and transfer 16 parallél address bits | 
from the 2 SBC module! to: па RM 65. bus. | 


Тһе Control Buffers buffer all свака апа clock keine petweer 


the SBC Module and the RM 65 bus. The Non-Maskable Inter- 
тирі, Interrupt Request, Set Overflow, External Clock (00), Ready 


and Bus Float input lines are buffered coming from the RM 65 
bus into the SBC Module. The DMA Terminate, Reset and 


Phase 1 Clock (01) output lines are always driven from the SBC 


Module onto the RM 65 Bus. The other six output lines for Read/ 
Write, Phase 2 Clock, sync, and Bank Address are also buff- 
ered, but are tri-stated (91599890) when the Bus Float signal is 
active. 


| PROM.ROM 
SizE 
JUMPERS 


DMA 
TERMINATE 
: JUMPER 
"ВАМЕ 
ADDRESS 
JUMPERS 


RM65 

BUS CONNECTOR 
BUS FLOAT 
DMA TERMINATE 


CONTROL 
BUFFERS | 


CLOCK & 
CONTROL 


p BANK ADDRESS 
ADDRESS | 
BUFFERS 18 ADDRESS 
DATA | 
TRANSCEIVERS | : А 


RM65 . 

BUS INTERFACE 
EXTERNAL 
CLOCK 


RM 65 SBC Module Block Diagram 


„Мое: 


ЕСТІ 
| Mnemonic < 


.RM6é5-1000E ____ 


- Bottom (Solder Side) | 


- Signal Мате | 


Signal 
|, Mnemonic 


_ Single Board С Compute (580) Module 


RM 65 Bus Pin Assignments | € рі 
Тор (Component Side) 


Signal Name . 


| GND. а = | Ground: о ^ їс +5V +5 Vde | TIN 
-BADR ` . Buffered Bank Address. 2c ВА15/ ..Buffered Address Bit 15.. 
ШЕСІ» осор Сгошпа __ Қ 3c BA14/ | Buffered Address Bit 14 .- - 
|. ВАТЗ/ | Buffered Address Bit 13 E ВА12/ Buffered Address Bit %. um 
ВА11/ Buffered Address ВИ 11. 5c GND - Ground | z 
„| ВАТО/ “| .Buffered Address ВИ 10 6c BA9/ Buffered Address Bit 9 . 
| ВА = | Buffered Address Bit 3 | ‚76 „| BAT . Buffered Address ВЕ7 0. 
|^ амо . |] Ground > bas qvas S Heus BO. "ВАб/ d Buffered Address. Bit 6 T 
|. ВАВ о < - Buffered Address Bit 5 і | 296 BA4/. Buffered Address Bit 4 | 
^|]. BAS .  . | Buffered Address ВИЗ. |. ,10c ‘GND Ground | 
С BAX ~. |. Buffered Address Bit 2 > Ме BA1/ . . |. Buffered Address Bii i 
` BAO | _. Buffered Address Bit 0 ^ "122 Boi - _ Buffered Phase 1 Clock “| 
бмр ^C -© | Ground. | ШКО 136. BSYNC Buffered Sync | 
BSO... |. Buffered Set Overflow | oe Е Яде, BDRQ1/ “Buffered ОМА Request 1 
BRDY ` _ Buffered Ready. | ена 155 | GND Ground 
]o x F -*User Spare 1 0112-66, | ,-12у/-У *—12 Vdc/- V 
< +12\/+\ > *+12 Vdc/ - V 17c *User Spare 2 | 
GND . | Ground те 18c BFLT/. Buffered Bus Float) : 
. BDMT/ | Buffered DMA Terminate 196. вфо Buffered External Phase 0 Clock. 
Ж. “User Spare 3 20c GND Ground . . 
Buffered Read/Write ' Not" 21c BDRQ2/ -| *Buffered DMA Request 2 
"System Spare -22c BR/W | Buffered Read/Write ` 
· Ground 230 ВАСТ/ _ "Buffered Bus Active : 
г. Buffered Interrupt risques. | 242 | BNMI/ _ Buffered Non-Maskable Interrupt 
. Buffered Phase 2 "Мог" Clock - 25c GND Ground ` 
Buffered Phase 2 Clock ` 26c BRES/ . Buffered Reset. 
Buffered Data Bit 7 E 27с BD6/ Buffered Data Bit6 
‚ Ground 0 й 28с BD5/ Buffered Data Bit 5. - 
_ Buffered Data Bit 4 29c BD3/ . Buffered Data Bit 3 
. Buffered Data Bit 2 30с амо Ground | 
Buffered Data Bit 1. З1с BDO/ Buffered Data ва 0 
+5 Мас 32c . Ground |. — 


Not used on this module. 


6.8 IN. 
(172 MM) 


| EM ARS | 


‘MATING 
MOTHERBOARD 
AND RECEPTACLE . 


EUROCONNECTOR | 
С EXTENSION | 


 EUROCARD C CONNECTOR 


„ COMPONENT AREN 


2 pe | 


ЯМ 65 SBC Module Dimensional Outline | 


RM65-100E Single Board Computer (SBC) Module 


SPECIFICATIONS - 


Parameter · | 


Dimensions (See. Notes) - | а | 
-Width -3.9 in. (100 mm) 
. Length | TE 6.3 in. (160 тт). 
Height ^. | жаға _ 0.56 in. (14 тт) 


|. Weight ^^. НЕ 5.602. (160 9) 


Environment. | ~ 5 | | 
Operating Temperature "o ~ 0°C to 70°С 
Storage Temperatüre 27 —40°С to -85C  . | 
Relative Humidity | жə ЕЕ 0% to 85% niet condelieation) 


Electrical _ 


Power Requirements . | ы +5 Мас +5%, 0. 75 А (3.5 W)—Typical | | 
| ре зи 1.2 А (6.0 W)—Maximum ... 


“Interface | Sou С nm | 
ВМ 65: Виз Interface ; 74 | = 64-pin c" ол 100 in. centers) per DIN 41612 (Row. B not installed) 


VO Connector TD Z5 40-pin. ЗМ mass termination (0. 100 іп. . centers) 


| RESET = | 5 2 vertical у pins (0:3 in. high) on 9.2001 іп. center 


. Notes: 
1. Height includes the maximum values for component height above the board eurftibe (0. 4 іп. (ог populated modules), printed circuit Веща к 
thickness (0.062 in.), апа ріп extension through the bottom of the module (0.1 in). . г 
‚2. Length does not include. extensions beyond the edge of the module due to connectors i or the тона ejector, 
3. Dimensions conform. to. DIN 41612. | |. | a | 
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| - RM65-0110 
RM 65 Microcomputer Family 


RM65-0110 
| RM 65 INPUT/OUTPUT (/O) R ROM 


. INPUT/OUTPUT FUNCTIONS. _ 
. The input/output (I/O) functions in a microcomputer performs 
interface processing between an application program and 
peripheral devices, e.g. display, printer and keyboard. These 
. functions are usually implemented as closed subroutines that 
may be called by the application program or as part of an 
operating system that operates on passed parameters. The /О 
functions normally issue operating commands to the periph- 
erals, monitor status from the peripherals and transfer data to 
and from the peripherals. Data formatting and message protocol 
stripping is also usually performed. In addition, general purpose 
utility functions supporting ИО operations are often provided. 


PRODUCT OVERVIEW 


The RM 65 VO ROM contains initialization, interrupt and /О 
processing functions to interface АМ 65/40 peripherals to an 
"АМ 65 Single Board Computer (SBC) based microcomputer 
system. The processing and entry points, in most cases, are 
identical to the AIM 65/40 УО ROM, to enable an application 
program developed on the AIM 65/40 Microcomputer to be 
easily transferred to the RM 65 environment for final validation 
and production operation. Source code entry, editing, compila- 
tion and/or assembly, and debugging can be performed on the 
АМ 65/40 Microcomputer with its extensive development aids 

using the AIM 65/40 Debug Monitor/Text Editor and the desired 


language. The AIM 65/40 peripherals connected tothe АМ 65/ _ 


_ 40 SBC module can support development as well as application 
checkout in this configuration. | 


Іп а тіпітшт НМ 65 module installation consisting of only the 
. RM 65 SBC module. (RM65-1000E), the 4K-byte RM 65 I/O 
ROM in one SBC module socket supports an application pro- 
gram in the other SBC module socket for user-defined І/О over 
the SBC module parallel 1/O port. The addition of one RM 65 
. Multifunction Peripheral Interface (МР!) module (RM65-5223E) 
allows interface to an AIM 65/40 Keyboard and either the AIM 
2 65/40 40-Character Display or AIM 65/40 Video Display Con- 
с troller in one configuration; or the АМ 65/40 Graphics Printer 
. апа a user-defined interface in the other configuration. Instal- 
. lation of two RM 65 МР! modules Suppen both configurations. 


MEMORY МАР. 


.SFFFA-$FFFF NMI, RES and IRQ Vectors 


"| 8Е000-БЕРРЗ VO ROM Program 
. $1000-$1 FFF ‘System О 0/0 | 
$200-$49F /О ROM Vectors, Constants and Variable 


SFO-SFF ` УО ROM Variables 


es  RM65:01 10 


[оше _ 


FEATURES 


.RM 65 SBC module compatible 

AIM 65/40 УО ROM interface compatible. 

ROM resident for immediate operation 

Supports AIM 65/40 Peripherals 

— 40-Character Display (A65/40-0400) 

— Video Display Controller Module (A65/40-0800) | 
 — Graphics Printers (Аб5/40-0600) | 

— Standard Keyboard (А65/40-0200) 

—Expanded Keyboard (A65/40-0210) 

interrupt Handlers 

—Interrupt Request (IRQ) with before and after user linkage 


—Non-Maskable Interrupt (NMI) with before and after user 
linkage 


— Reset (RES) 

--Вгеак instruction linkage 

Initialization Functions | | 

— Со and warm start variable initialization 

— Autostart linkage to application programs _ 

Provide input/output handlers for | | 

—Keyboard (system. terminal) input | р 

| — Display/ printer (system. terminal) ids 
—Memory input/output 


vt —Floppy disk ан. E 


— Printer output | 
: — Interactive ТӨРЕ тас input/output 
—Non-interactive user-defined input/output | 
— Null. output. | 
e -User-alterable variables . 
о —Input/output vectors 
—Interrupt vectors | 


ORDERING INFORMATION. 


Description 
~ ВМ 65 VO ROM 
NE. _ Description 


821 | АМ 65 VO ROM User's Мапџаі“. 


- Note: 
*Included with RM65-01 10. 


Document No. RMA65N29 | 


Data Sheet Order No. RM29 
March 1983 
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| RM65-0122 
RM 65 Microcomputer Family 


buit RM 65-0122 D Sos 
ЯМ 65 RUN-TIME BASIC INTERPRETER вом. 


BASIC LANGUAGE 


BASIC іс а simple but powerful computer program language. 


Originally developed at Dartmouth University, BASIC has gained 
universal acceptance and is commonly used world-wide in 
schools, industry, and science. | 


The heart of BASIC is а set of easily learned English words 
which are used as commands. Complex. and powerful state- 
ments can be constructed by adding operands and operators 
to the commands. Equations involving complex formulas and 
multiple variables can easily be solved. Internal floating point 
arithmetic handles a wide range of numeric values 
(2.93873588E —39 to 1.70141183E +38) and provides nine-digit 
accuracy to most calculations. In addition to addition, subtrac- 
tion, multiplication and division, a full set of transcendental func- 
tions support trigonometric, exponential, square, Square: root, 
polynomial and logarithmic operations. | 


PRODUCT OVERVIEW 


. RM 65 Run-Time BASIC, consisting of input formatter, lister, 
interpreter, floating point functions and input/output linkage, is 
contained in an 8K-byte ROM that plugs into an RM65-1000 
Single Board Computer (SBC) or RM65-3216 PROM/ROM 
module for development or run-time operation in the RM 65 
environment. This run-time package allows an application pro- 
gram written in BASIC to be developed оп an АМ 65° Micro- 


computer using its on-board peripherals (keyboard, single line = 


display and printer) and ROM resident Debug Monitor and Text 
Editor and then transferred to the RM 65 module for run-time 
operation. 


All input/output ТА for use with RM 65 Run-Time BASIC 
are user-provided and link to the application program through 
one or more of the 10 /О vectors provided in the run-time ROM. 
BASIC words such as LOAD, SAVE, PRINT, INPUT, READ and 
GET link through these vectors to the /О functions. 


The RM 65 Run-Time BASIC can be used in the development 


mode by user-provided. АІМ 65 equivalent input/output func- 
tions. In fact, the RM 65 Run-Time BASIC ROM can be installed 
on an RM 65 PROM/ROM module, the module connected to an 


АМ 65 Microcomputer, the /О vectors loaded to point to AIM 


65 Monitor ROM functions, then development and/or final pro- 


gram validation performed on the AIM 65 Microcomputer before 


TESERO the application program object code to PROM/ ROM. 


LANGUAGE FEATURES _ 


BASIC is easy to learn | 
- Microsoft BASIC is universally accepted | 
BASIC is widely used | 
Supports simple and complex statements ` 
Floating point arithmetic functions | . 

— Add, subtract, multiply, divide 

— Trigonometric (sine, cosine, tangent, arctangent) 
— Exponential, square, square root 

— Natural logarithm. - 

String variables and arrays. 

Integer variables 

Subroutine calls | | 

Conditional expressions 
; ‘User function 


INTE RPRETER | FEATURES | 


• вм 65 Single Board Computer (SBC) module host apdior 
target 


e ROM resident for immediate operation 


e Compatible with indirect statements entered on АМ 65 
Microcomputer with AIM 65 BASIC E : 


e ГО vectors link to Heer provided peripheral drivers 


ORDERING INFORMATION _ | 


| RM65-0122 RM 65 Run-time BASIC ROM 
A65-020 ‚ AIM 65 BASIC ROMs | 


вло — RM 65 Run-time BASIC User's Manual” 
22: . c АМ 65 BASIC User's Manual? 


Notes: .... 
1. Included with RM65-0122. 
2. included with A65-020. 


Document No. RMA65N30 | 


Data Sheet Order No. RM30 
March 1983 


_ВМ65-0122 


MEMORY МАР 


| $B000-$CFFF 
$248-$2DC 


_ | $218-$247 | 
1 $200-$217 


Contents 7, 


BASIC Program | L 
BASIC Input/Output Buffers 
BASIC Variables 


BASIC I/O Vectors 


BASIC Variables 


STATEMENTS 


Program Statements 


DEF FN 
DIM 

ЕМО ` 

FOR 

GOSUB 
GOTO 
IF...GOTO 
ЈЕ... THEN | 
LET 

NEXT 
Eur . GOSUB 

: GOTO- 

СЕ | 
RESTORE 
RETURN 
STOP © 

USR 

WAIT - 


^^. *Input/output functions link through ГО vectors to user-defined functions. 


Commands 


CLEAR 


CONT 


` FRE 


LIST 
LOAD 
NEW 
PEEK 
POKE 
RUN 
SAVE . 


Input/Output" 


DATA 
GET 


‚ МРОТ 


READ 


PRINT 
SPC 


TAB 
POS 


Run-Time E BASIC Interpreter F ROM 


PROM PROGRAMMING ` 


The application program object iod can be programmed : 
into a PROM for operation іт ап OEM or end-user environ-. 
ment using an AIM 65 PROM Programmer. & CO- Ер module 


· (A65-901) or an ВМ 65 PROM Programmer module (RM65- 5 


2901E) connected to the АМ 65 > Microcomputer. При 


String Functions. _ 


ASC 

"СНА 

ДЕРТ . 

LEN >, сайта 2% 43 | 
MIDS · RSS Ра 
RIGHT$ — de а 

БЕСІ 

УМ 


Arithmetic Functions n 


_ ABS 

АТМ 
COS 
EXP 
NT 
LOG 
RND 
SIN 
зам. 
SQR 

OTAN 2. 
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FORTH LANGUAGE 


___ЕОРТН_Б8 a unique  обтат по J idnglage well suited toa 
variety of applications. Because it was originally developed for . 


real-time control applications, . FORTH is idea! for machine and 
. process control, energy miáriagement, data acquisition, auto- 


· matic testing, robotics and other applications. where assembly | 


| language was previously the only possible language choice. 


FORTH actually provides the best of two worlds. It has the 


looping and branching constructs of high-level languages (DO | 


. LOOP; BEGIN. ... END; Е... THEN and IF’... ELSE 


. THEN) and the code efficiency of machine and assembly АН 3 | 
Е languages. And programmers. will be pleased. to know that. n 
FORTH allows you to specify addresses, operands and data in | 
hexadecimal, octal, binary or any other number base from two | 

|. to 40—a distinct advantage over languages like BASIC, where | 


al information must be in decimal. 


| и most time-ciitical applications, at least art of the program 
| must be written in assembly language. FORTH has a built-in 


6502 macro assembler, and lets you drop into assembly lan-. 
guage at almost any point in your program, without separate · 


assembly and load steps or awkward machine level. linkage. 


FORTH programs typically run up to ten times faster than other _ 


 interpretive languages, and can even approach the speed of 
machine language programs for some applications. 


FEATURES 


ІНІМ 65 SBC module compatibla 
ROM resident for immediate operation 
Application oriented. 
Extensible language | 
Over 200 pre-defined functions 
‚ Interactive compilation 
Reverse polish notation. 
Compact memory usage | 
Fast execution 
Easy debugging - 
Stack implementation E 
_ 16-bit words . 
Built-in structured macro assembler 
Shortens software development time 
AIM 65 FORTH compatible 


 RM65-0152 - 
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RM65-01 52. 


RM 65 RUN-TIME FORTH ROM 


| PRODUCT OVERVIEW 


"РМ 65. Run-Time FORTH, consisting: of primitives, ТЕРКИ © 
‚ macro assembler and input/output linkage, is contained in ап. 
8K-byte ROM that plugs into an RM65-1000E Single Board 


Computer (SBC) or RM65-3216E PROM/ROM. module for - 


development or run-time operation in the RM 65 environment. Чч 
This run-time package allows an application program written in; 
_ FORTH to be developed оп ап АМ 65 Microcomputer with its 


‚ on-board peripherals (keyboard, single line display and printer) ` : 


and ROM-resident Debug Monitor and Text Editor and then. 

transferred to the RM 65 module for run-time, operation. Тһе: 
ыры program object code can. be programmed into а. 
„РВОМ using an A65-901 AIM 65 PROM Programmer & CO-ED 
, module or an RM65-2901E PROM ша module.. 


All input/output functions for use with RM 65 Run-Time FORTH к 
i are user-provided and link to the application program through _ 


. one or more of the 11 I/O vectors provided in the run-time ROM. — 


_ FORTH words such as KEY, EXPECT, EMIT, GET, READ, and | 
?IN link thr ough these vectors to the I/O functions. | 


The RM 65 Run-Time FORTH can be used in the development | 

mode by. изег-ргомдед. АМ 65. equivalent input/output func- 
| tions. In fact, the RM 65 Run-Time FORTH ROM can be installed 
on an RM 65 PROM/ROM module, the module connected to an 
АМ 65 Microcomputer, the I/O vectors loaded to point to AIM 
65 Monitor ROM functions, then development and/or final pro- 
gram validation performed on the АМ 65 Microcomputer before. 
transferring the application program object code to PROM/ROM. _ 


ORDERING INFORMATION - 


RM 65 Run-Time FORTH ROM 
AIM 65 FORTH ROMs 
AIM 65 Math Package ROM 


Description 


RM 65 Run-Time FORTH User's Manual"? 
_ АМ 65 FORTH User's Manual?! 
`АМ 65 Math аскар User's Manual? 


RM65-0152 
А65-050 
А65-040 


‚ Included with RM65- 0152 
included with A65-050. 
3. Included with A65-040. 


Document No. RMA65N31 


9-10 


Data Sheet Order No. RM31 
February 1983 


ВМ65-0 152. 


DEVELOPING FORTH PROGRAMS. FORTH WORDS | 
Е FORTH is built on subroutine-like functions, called ' words.” г | 
. These words аге linked together to form a "dictionary," which STACK MANIPULATION d "n 
vis the central core of the language. Writing a program in DUP Duplicate top of stack. | 
__ FORTH consists of using several predefined words to define 2DUP Duplicate top two stack items. 
_ each new word. Once the new word has been added to the 212 ти top of stack. 
“system dictionary, it becomes as much a part of the language с. АР i ete top two stack items. 
| хсһапде top two stack items. 
as any other word that has.been previously defined. In this OVER “Сору second item to top. 
way new features and extensions can be added by simply ROT. Rotate third item оп top. 
г, defining one or more new words. Adding new features to - DUP Duplicate only if non-zero 
conventional languages like. BASIC or Pascal requires the >R Move top item to return stack.. 
- language system to be и. reassembled ог R> Retrieve item from return stack. 
recompiled. R Copy top of return stack onto stack. 
| : PICK ‚ Copy the nth item to top. 
__ЕОВТН is a stack-oriented., language, and is programmed in SP@ Return address of stack position 
' Reverse Polish Notation (RPM), the notation that is used іп a Б Return address of return stack pointer. 
Hewlett-Packard scientific calculators. Using a data stack is SUNDS уана. о ш. to “end- 
an extremely efficient way of passing variables back and 5 | = ~ 52 


forth between operations. А data stack eliminates the need 
to tie up memory locations with variable tables, and allows 
you to use only as much memory as you need. 


RM 65 Run-Time FORTH вом. 


DEFINING WORDS 


Print contents of stack. 


| Б :<пате> Begin colon definition of <пате>. 
FORTH programs are developed using "top-down/bottom- ; End colon definition. 
up" techniques. That is, the programmer begins by defining VARIABLE <пате> Create a variable <пате> with initial 


the program in very general terms, then systematically breaks value n; returns address when 

these definitions down into more and more detailed sub- executed. | 
modules. When the lowest levels of sub-modules have been CONSTANT <name> , Creste a constant <name> with Vale 
defined, he starts coding, in FORTH, at those levels, working Se ет маче Wien erected 

| Ex . я BRS gin definition of assembly-language 

. back up toward the top of the program, in pyramid fashion. primitive operation <пате>. 

Each sub-module is a stand-alone. component of the pro- „СОВЕ Used 10 create a new defining мога, 
gram, and can be completely debugged without ed ine . with execution-time “code. routine" for 
complete program in the system. | а 


CODE <name> 


| this data type in assembly. 
«BUILDS ...DOES-^ Used to create a new defining word, 

| with execution-time routine for this 
data type in higher-level FORTH. 


FLOATING POINT FUNCTIONS к ОЗЕН 


Create a user variable. 
The RM 65 Run-Time FORTH ROM contains both a single- MEMORY 
(16- bit) and double- (32- bit) precision integer arithmetic ; | E NT 
capability. In RM 65 applications where floating point arith- — е 2 и by top of stack. 
metic is desired, the. АМ 65 Math Package ROM may be d UM аарыны пе 


used in conjunction. with the run-time FORTH ROM. The x | Ps 2 2. 
application program can be developed on an AIM 65 Micro- 2. Print contents of address. 
comiputer with both AIM 65 FORTH and AIM 65 Math Package +! Add second number on stack to 
ROMS installed. A math package ROM must then be installed . contents of address on top. 
in the RM 65 SBC or PROM/ROM module for. run-time CMOVE Move n3 bytes starting at address n1 to 
operation of the application program along with the RM 65 area starting at address n2. | | 
Run-Time FORTH HOM. г; | оз FILL Put byte n3 into n2 bytes starting at. | а 0 
| | | um | аддгез5 п1. РЕН 
ЕНАЗЕ | . ^ Filln2 bytes in memory with zeroes, 
| | beginning at address n1. 
ACE | ета BLANKS Fill n2 bytes in memory with blanks, . 
| Е: RC қ af | beginning at address n1. 
MEMORY MAP | Ge 264 | TOGGLE 


Mask memory with bit pattern. 
| Address (Hex) | | Description - = 
| $D000-$DFFF Мат Раскаде Ргодгат . DECIMAL 
$B000-$CFFF FORTH Program НЕ: НЕХ 
| $300-$31Е ИО Vectors ВАЗЕ 
$280-$2FF Terminal Input Buffer DIGIT 
_ 1 $25C-$27F | _ Math Package Variables 0 
"| $200-$257 FORTH User Variables 1 
‚ $АВ-$С4 Math Package Variables 2 
| $10-$AA FORTH Variables 3 


NUMERIC REPRESENTATION 


_ Бе! decimal base. 
Set hexadecimal base. 
Set number base. . 
Convert ASCII to binary. 
The number zero. | 
The number one. 
The number two. 
The number three. 


_ 9-11 
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RM 65 Run-Time FORTH НОМ. 


FORTH WORDS (CONT'D). 
ARITHMETIC AND LOGICAL 


E 
D+ 


M/MOD 


MAX 
MIN 
а а 
D+ — 
ABS 
‘DABS | 


72 NEGATE 
.DNEGATE 


S- >р 


— ~ — 
I ++ 


2- 


__АМО 


OR 
XOR 


Ааа. 


Add double- -precision numbers. 
Subtract (n1 - n2) 
Multiply. - 


.. Divide (n1/n2). 


Modulo (i.e., ‘remainder from division). 


Divide, giving remainder and quotient. 


Multiply, then divide (n1-n2/n3), with 
double intermediate. 

Like -/MOD, but give quotient only. 

Unsigned multiply leaving double 
product. P 


-< Unsigned divide. - 
с Signed multiplication leaving double 


product. 


^. | Signed remainder and quotient from 


double dividend. 


Unsigned divide leaving double quotient - 


' and remainder from double dividend 
and single divisor. 

Maximum. 

Minimum. 


„бе sign. 


Set sign of double- -precision number. 


= Absolute value. 


Absolute value of double- -precision 
number. | 

Change sign. 

Change sign of double-precision 
number. | 

Sign extend to double-precision 
number. 

Increment value on top of stack by 1. 

Increment value on top of stack by 2. 

Decrement value on top of stack by 1. 

Decrement value on top of stack by 2. 

Logical AND (bitwise). 

Logical OR (bitwise) 

Logical exclusive OR (bitwise). 


COMPARISON OPERATORS 


и 
> 


0< 
0= 
. U< 


... NOT 


"True if n1 less than n2. 


True if n1 greater than n2. 
True if top two numbers are equal. 


- True if top number negative. 
True if top number zero. 
' True if ut less than u2. 


Same as Ia 


2 MISCELLANEOUS AND SYSTEM 


27 («comment») 


2: Begin comment m by right 


| parentheses оп same line). 


- . Alter РЕА to CFA. 


Alter PFA to NFA. 
Alter NFA to PFA. 
Alter PFA to e 
Top of memory. 


-Clear return stack and return to 


_ terminal. 


CONTROL STRUCTURES | 
DO. LOOP | | бе! ир р loop, given index range. 
DO... +LOOP Like ОО... LOOP, but adds stack, 
| value to index. 
| Place current index value on stack. МК 
ЦЕАМЕ Terminate loop at next LOOP or 


BEGIN . .UNTIL : 


BEGIN . ` WHILE E 

..., REPEAT. > 

BEGIN ... AGAIN ^ 
. THEN - 


F...ELSE... THEN 


END 
ENDIF 


+LOOP.: ^ 
Loop back to BEGIN unti true at © 
.. UNTIL: . | | 
Loop while true at WHILE, REPEAT 
loops unconditionally. to BEGIN. | 
Unconditional loop. . __. 
If top of stack true, execute following 
clause THEN continue; otherwise 
continue at THEN. 


| If top of stack true, execute ELSE 


_ Clause THEN continue: ‘otherwise 5 
execute following clause, THEN 
continue. ' 


с Alias for UNTIL. 


Alias for. THEN. 


.COMPILER-TEXT INTERPRETER. 


[COMPILE] 
COMPILE 


LITERAL 
DLITERAL | 


EXECUTE 
[ 

] Г 
DICTIONARY CONTROL 


CREATE 
FORGET 


HERE 
ALLOT 
TASK 

- FIND 

DP — 

C, 

PAD 
IMMEDIATE 
INTERPRET 
LATEST 
ше 
CUT — 
LITERAL 


SMUDGE 
STATE 
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Force compilation of IMMEDIATE wortd. ` 


, Compile following <name> into - 


dictionary. | | 
Compile a number into a literal. 
Compile a double- -precision number into 
. a literal. | 


| ‚Ехесше the definition оп top of stack. 


Suspend compilation, enter execution. 
Resume compilation. | 


Create a dictionary header. 

FORGET all definitions from <name> 
on. 

Returns address of next unused byte in 
the dictionary. 

Leave a gap of n bytes in the 
‘dictionary. | 

А dictionary marker. 

Find the address of <name> in the - 
dictionary... 


© Search dictionary for <name>. 


User variable. containing the dictionary | 
· pointer. | 

Store byte into dictionary. 

Compile a number into the dictionary. 


Pointer to temporary buffer, 
Force execution when compiling. | 


The Text Interpreter executes ог - 
compiles. - 

Leave name field address (NFA) of top 
word in CURRENT. - | 

Place 16-bit literal.on the stack. 

Place byte literal on the stack. 

Compile a 16-bit literal. 


2 Toggle name SMUDGE bit. 
` User variable containing compilation 


state. 


/RM65-0152- 


FORTH н WORDS (CONT'D) 


USER VARIABLES (See Note 1) 


U?TERMINAL - 


User variable for ?TERMINAL. (See 
Note2) | 

User variable for ABORT. 

User variable for B/BUF. 

User variable for B/SCR. 


_ User variable for C/L. 
` User variable for EMIT. 
. User variable for FIRST. 


‘User variable for KEY. 
User variable for LIMIT. 


| MONITOR & CASSETTE 10 (See Note 1) 


COLD 


AIM 65 FORTH cold start. 
(See Note 2.) 
Exit to AIM 65 Monitor. (See Note 2.) 
Chain tape file. 
Close tape file. 
Set to active input device (AID). 
Set to active output device (AOD). 
Input a character from the AID. 
Output a character to the AOD. 
Input n2 characters from AID to 
address п1. 
Output n2 characters to AOD at 
address п1. 
Compile from the AID. 
Terminate complete from SOURCE. 


_ INPUT-OUTPUT (See Note 1). 


HANG 


_ Output CR to printer only. 


Carriage return. 
Type one space. 
Type n spaces. 


- Output a CTRL В. 


Print text string (terminated by "). 
Dump n2 words starting at address. 


‚Туре string of n1 characters starting at 


address n2. 


| True if terminal break request present. 


Read key, put ASCII value on stack. 

Output ASCII value from stack. 

Read n1 characters from input to 
address n2. 

Read one word from input stream, until 
delimiter. 

User variable contained within TIB. 

Set BAUD rate. 

Output a SPACE character. 


Number of characters/line. 
.. Pointer to terminal input buffer start 


address. . | 

Input text from terminal. 

Print <name> from name Ж field 
address (nfa). 

Wait for keystroke. 


OUTPUT FORMATTING (See Note 1) 


NUMBER 


<# 


Convert string at address to double- 
precision number. · 
Start output string. 


NOTES: 1. Requires user-provided /О function. 
2. Requires AIM 65 Monitor ROM be installed. 
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RM 65 Run-Time FORTH ROM 


OUTPUT FORMATTING (CONT'D) 


# 


#5 


зам 


#> 

HOLD 

HDL 

- TRAILING 


„УМЕ 
COUNT 


DPL 
VOCABULARIES 
CONTEXT 
CURRENT 
FORTH 


ASSEMBLER 
DEFINITIONS 


VOCABULARY <name> 


VLIST 


VOC-LINK 


VIRTUAL STORAGE 


LOAD 
BLOCK 
B/BUF 


B/SCR 
BLK 


SCR 


UPDATE . 
FLUSH 


EMPTY-BUFFERS | 


| Convert next digit of double-precision | 
_ number and add character to output 


string. 

Convert all significant digits of double- | 
precision number to output string. 

Insert sign of n into output string. 

Terminate output string (ready for 
TYPE). 

Insert ASCII character into output . 
string. 

Hold pointer, user variable. 

Suppress trailing blanks. 

Display line of text from mass storage. 

Change length of byte string to type 
form. 

Print number on top of stack. 

Print number n1 right justified n2 
places. | d 

Print double- -precision number n2 n2. 


„Рип! double-precision number n2 n1 


right justified n3 places. | 
Number of digits to the right of decimal 
point. 


Returns address of pointer to 
CONTEXT vocabulary. 

Returns address of pointer to 
CURRENT vocabulary. 

Main FORTH vocabulary. 

Assembler vocabulary. 

Set CURRENT vocabulary to 

_ CONTEXT. 

Create new vocabulary. 

Print names of all words in CONTEXT 
vocabulary. 

Most recently defined vocabulary. 


Load mass storage screen (compile or 
execute). 

Read mass storage block to memory 
address. 

System constant giving mass storage 
block size in bytes. 

Number of-blocks/editing screen. 

System variable containing current 
block number. 

System variable containing current . 

. Screen number. | 


| | Mark last buffer accessed as updated. 
Write all updated buffers to mass . 


storage. | | 
Erase all buffers. 
Increment buffer address. 


Fetch next memory buffer. 


User read write linkage. 
Variable containing address of next. 
- buffer. 


‚ Variable containing address of latest 


buffer. 


- Leaves address of first block buffer. 


User variable block offset to mass 
storage. 

Interpret next screen. 

Stop interpretation. 


RM65-0152 


RM 65 Run-Time FORTH ROM | 


FORTH WORDS (СОМТ’ 0) 


PRIMITIVES | -" 
ОВААМСН Run-time conditional branch. 

BRANCH . Run-time unconditional branch. 
ENCLOSE ` Text scanning primitive used by WORD. 
RO | Location of Return Stack. 

50 Location of Parameter Stack. 

ВАР! Initialize Return Stack. 

SP! Initialize Parameter Stack. 


NEXT 2 The FORTH virtual machine. 


SECURITY 
ICSP 


?COMP 
?CSP 
?ERROR 
ТЕХЕС 
?PAIRS 
?STACK 
ABORT 
ERROR 


MESSAGE 
WARNING 
FENCE 
WIDTH 


Store stack position in check stack 
pointer. 

Error if not compiling. 

Check stack position. 

Output error message. 

Not executing error. 


.. Conditional not paired error. 


Stack out of bounds error. 

Error; operation terminates. | 

Execute error notification and restart 
system. | 

Displays message. 

Pointer to message routine. 


Prevents forgetting below this point. 


Controls significant characters of 
<name>. 


MATH PACKAGE FORTH WORDS (A65- und 


FLOATING POINT ARITHMETIC | 


Puce пи | Adds two floating point numbers. 

F- . | Subtracts one floating point number 
from another floating point number. 

F* Multiplies two floating point. numbers. 

F/ | Divides one floating point number by 


another floating point number. 


UTILITY, SIGN AND COMPARISONS 


FABS Takes the absolute value of a floating 
point number. 
INT Truncates a floating point number to an 
integer. 
SGN . Converts the sign of a floating point 
number to a floating point number. 
FSIGN Gets a value corresponding to the sign 
| of a floating point number. | 
FCOMP Compares the value of a compacted 
E | number in memory to a floating point 
number. 
POLYNOMIAL 
POLY | | Evaluates a polynomial with 


consecutive exponents. 
POLYODD Evaluates a polynomial with odd 
|  exponents. 


` EXPONENTIAL AND LOGARITHMIC 


: SQR | : Такеѕ the square root of a floating point 
| number. ` 


> | . Raises pas fasting point number to the " 


power оѓ another floating point 
_ number. 
EXP ‘Raises the transcendental number е to 
| the power of а floating point number.: 
LOG . - Computes the logarithm to the base 10 
| (i.e., common log) of a floating point 
T number. .. 
LN | Computes the logarithm to the base е 
(i.e., natural log) of a floating point 
number. | 


* Requires AIM 65 FORTH or RM 65 Run-Time FOHTH be resident. 
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USER VARIABLE 
с MIN-WIDTH 


DEC-LENGTH - 


Specifies ti the r minimum field width to be 
output. | 


Specifies the number of places to the 


right of the decimal point to бе | 
output. | 


ASCII/FLOATING POINT-CONVERSIONS 


FIN 


FOUT 


Converts a number in memory from. 
ASCII to floating point format. 

Converts a number from floating point 
to ASCII. 


FORMAT CONVERSION AND DATA MOVING 


` Unpacks the compacted number in 


memory to floating point. 

Packs the floating point number to 
compacted format and stores the 
result in memory. 

Unpacks the floating point number іп 
memory. 


Converts an integer to floating point 


format. 

Converts an integer to floating point 
format. | 

Converts a number from floating point 
‘to an integer. 


TRIGONOMETRIC AND UNITS CONVERSION 


SIN 

COS 

TAN 
ARCTAN 
DEGREES 


RADIANS 


Calculates the sine of a floating point 


number (in radians). 

Calculates the cosine of a floating point. 
number (in radians). 

Calculates the tangent of a floating 
point number (in radians). 

Calculates the arc tangent of a floating 
point number. 

Converts a floating point number from 
radians to degrees. 

Converts a floating point number from 
degrees to radians. 


_ВМ65-2901 Е 
РМ 65 Microcomputer Familly 


9% pU ЧЕ REEN 


Rockwell РМ 6 РНОМ РНООНАММЕН MODULE | 


RM 65 MICROCOMPUTER MODULES | | FEATURES 


- ВМ 65 Microcomputer Module products are designed for. OEM c 
_ and end user microcomputer applications requiring state-of-the-. * RM 65 bus compatible : Е 
‚ ай performance, compact size, modular design and low cost. ` e Compact size RM 65 module—about 100 mm x 160 r mm ра 
Software for RM 65 systems сап: Бе developed т R6500 (4 in. x 6% in.) | 
Assembly Language, PL/65, BASIC, and FORTH. Both BASIC =) Separate PROM socket module with 


and FORTH are available in ROM and can be де ue | —28-pin Zero Insertion Force (ZIF) socket 


the user's system. —Mounting holes for enclosure or panel. installation . 


ВМ 65 Modüle products use а motherboard interconnect ‹ con- — Connecting 24-inch cable to RM 65 module 


cept іп which any card can be inserted іп any slot. The 64-line Е Programs 1K-byte'to 8K-byte UV Fo 
ВМ 65 Bus offers memory addressing up to 128K bytes, pro- < —1К-Буе: 2508, 2758 ` | 
| vides high immunity to electrical noise and includes growth: pro- —2K-byte: 2516, 2716 | 
5. | for ас Е о! аа зада 2. —4K-byte: 2532, 2732, 2732A 
ад! xibi r SO se | | | 
Rockwell AIM 65 and AIM BED Мк ци За product с. ЕК Дада еб о | 
© . development апа (ог а broad variety of portable ог desktop . ө Erases and programs 2K-byte EEROMs 
microcomputer applications. " 5 --2К-Ђуе: R5213/2816, 5213, 2816, 48016 ды? 
| | о E . e On-board 8K-byte ROM contains pro rammin “functions 
P RODUCT OVERVIEW 2 won compatible with bot Р 5 : oa 
Тһе RM 65. PROM Programmer module in А with an —АМ 65 Microcomputer Monitor _ | 
ДІМ 65 ог А!М-65/40 Microcomputer; programs industry stan- | | —AIM 65/40 Microcomputer VO and Monitor 


. дага 1K-, 2K-, 4K- and 8K- -byte EPROMS (ultra-violet light eras- 
able prograrhmable read-only memories) and 2K-byte EEROMs _ 
(electrically erasable programmable read-only memories). The 


222 Easy-to-use interactive commands | 
| --РНОМ interface (check, program, read, verify) 


module consists of ап RM 65 module and a PROM socket — - — ВАМ preparation (fill and invert) 
“module connected together by a 24-inch ribbon cable. A 28-pin А7 — Utility functions (command and PROM type menu, PROM i 
. Zero Insertion Force (ZIF) socket mounted on the PROM socket | type selection, toggle verify mode, etc.) | 
г module: allows installation of a 28- -pin or 24-pin PROM. The | e Verify during or after programming. _ . 
PROM socket module may be installed in various desk-top е +5V only operation (on-board DC/DC convener) 


enclosure or front panel ааыа Tor development, end- 


ws er or ОЕМ! install ation. е Fully assembled and tested with one year warranty 


| RM65-2901E PROM Programmer Module 


_ Document Мо. RMA65N28 | Мата Е ы = Data Sheet Order No. RM28 
| | 2 tug m | March 1983 
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| RM65-2901 E 


PROM Programmer Module | 


Pu ORDERING INFORMATION 


Description. 


meruit PROM Programmer Module Tr 


PROM Programmer. Module User's Manual’ 


Note: 
*Included with RM65- 2901E. 


FUNCTIONAL DESCRIPTION 


22 RM 65 Module 
: The Datà Transceivers invert and transfer 8- bits of parallel data 


between the PROM Programmer module and the RM 65 data 


bus when enabled by the Chip Select Decoder. The read/write 

line from the RM 65 bus determines the direction of data flow. 

During a write operation; data is transferred.from the.bus to the 
Е ‘module; during a read operation, data is transferred from the 
| module to the АМ 65 bus. | ш 


| The Control Signal Buffers invert and кайейег the hae 2, read/ 


write, bank address and reset signals from the АМ 65 bus іо . 


the module. The bus active signal is: also driven to the RM 65 
bus when data is being transfered, between the RM 65 bus and | 
the module. | 


Address Signal ‘Buffers invert and transfer signals from 13 
address lines vom the RM 65 bus to the modu’ 


The Chip Select Decoder, in conjunction with Base Address 
Select, Bank Select and Bank Select Enable switches and the 
ROM Range Select jumper decodes the address from the RM 
65 bus and generates. enable signals to other major on-board 


- Circuits.’ When the address matches. the /О Base Address 
© switch positions, one of two Octal Latches, the on-board R6522 
' Versatile Interface Adapter (VIA), the Digital-to-Analog Con- 
verter (DAC) and/or the Data Bus Transfers are enabled. When 


the address matches the ROM Base Address switch positions 


апа ROM Range Selection jumper position, the on-board pro- 
gram ПОМ is ehabied along with the Data Әп Шы ыр | 


Вапк Select and Bank Select Enable Switches assign the module 


B ". to one ог two 65K-byte memory banks. The Bank Select Enable 
БЕРІСІ assigns the module: to. be active in. common’ memory 
222 (both Bank 0 and 1) or in the bank selected m the: Bank аи | 


switch: (а бег Bank. 0. ог Ne 


There are ‘eight Base Maas switc hes; four ehes: assign 


the on- -board ROM base address to a 4K-byte boundary. and five · 
assign the /О базе address toa page а уо within the- 


ROM base address. 


The: ROM Range Select jumper indicates that no. ROM, а. ак: 
byte ROM or an 8K- “byte ROM, is. installed оп- "board. | 


Ап 8K-byte ROM containing the PROM Programmer e computer 
program instructions is installed on the module. One-half of the 
ROM contains programming functions, - memory mapped . аі 


_-$7100-$7FFF, which. operate in conjunction with the АМ 65 
‘Monitor firmware. The other half of the. ROM is memory. mapped 


at $D100-$DFFF and contains programming functions. сотра!- | 


~ ible with the АМ 65/40 VO and Monitor ROMs. A jumper selects 


which 4К- -bytes (upper or lower), or if the entire 8K- -bytes, of the | 
НОМ socket are to be addressed. 


The R6522 VIA ranker 8- bit data between the RM 65 data 


bus and the PROM data lines and controls programming voltage ` 
~ levels. During PROM programming, the VIA transfers data from 


the Data Transceivers for writing into the PROM and duringa | 
PROM read, verify or check function, the VIA reads data from _ 
the PROM. During PROM programming, the VIA issues control 
signals to the Power Multiplexer, the Misplaced иам Detector, 
and the Vpp Rise/Fall ime Controller. 


The Programmable Voltage Regulator, consisting of the 8-bit · 
DAC, а Vpp Rise/Fall Time Controller, a DC/DC Сопуецег.апа | 


an Analog Buffer, generates the Vpp programming voltage. The . 
РАС ошршв a voltage proportional. to. Vpp for the selected 
PROM type as controlled by 8-bit data received from the RM 65. | 


data bus. The DAC. output voltage is. amplified to the full Vpp _. 
Е level, mixed with the rise ог fall time.control signal; clamped. to 


minimum. Vpp level, and output to the Analog Buffer. The +5 | 


_ to +32V DC/DC Converter provides the high voltage used іп. 
"ће second stage of amplification. The Analog Buffer amplifies 
the РР cuten! for use by the Power зады 


Тһе Ромег Multiplexer selects the proper Voltage. Ж to V 
to the PROM during a programming or read operation as con- 


_ trolled by signals from the МА and.Octal Latch A. The output 


voltage is selected from TTL high, TTL low, Vcc and the. Урр _ 
output from the Analog Buffer. The correct voltage is selected 
by VIA output control lines. à | 


The Misplaced PROM Detector determines ifa 24- -pin PROM ; 
has been offset by one or two pin positions when installed in | 
the 28-pin ZIF socket on the PROM module. The detected state 
is input to the VIA and sampled by the programming firmware. 
to prevent а of programming voltage to a misplaced 
PROM. 


The two Octal Latches, A and В, transfer addresses from the | 
Address Buffers to the PROM during PROM. access operations. 
The levels of three programming voltages output. ру the Power 


E Muniplexer to the PROM are also controlled by Octal Latch А. 


PROM Socket Module and. Interface Cable к. 


XM A 28- -pin Zero Insertion Force (ZIF) socket. is mounted. on а 
SIS. inch x 3-inch PROM socket module and. connected to the RM 


65 module by a 24-inch ribbon cable. The socket module: has 


mounting holes and may be installed in any orientation. The. 28- 
pin ZIF socket allows installation of 24- “pin. PROMs as. well as 


| 28- рй PROMS. 


| RM65-2901 E 


PROM Programmer Module | 


РНОМ PROGRAM COMMANDS 


Computer program routines to operate: the PROM Programmer 


- module are provided in an 8K-byte ROM installed on the RM 65 


module. One of the two versions of the resident firmware is 


jumper selectable upon installation to operate with either the 


AIM 65 or the AIM 65/40 /О and Monitor firmware. Easy-to-use 
interactive commands perform PROM interface functions (check, 
program, read and verify), RAM preparation functions (fill and 
invert) and utility functions (е.9., command and РВОМ type 
menus, toggle verification mode, and change PROM type). 
Many Monitor commands are directly linked to the PROM Pro- 
grammer command level for ease of operation. 


PROM Programmer commands are invoked from a command 


ету level mode similar to the AIM 65 and 65/40 Debug Monitor  . 


operation. Initial entry and re-entry functions from the Debug 
Monitor provide operator initialization flexibility. The commands 
listed below can then be selected by single keystrokes. Sub- 
prompts displayed upon command selection request entry of 
information pertinent to the specific function. Once initiated, 
each function operates automatically until successful comple- 
tion or upon termination due to a detected error. 


. RM 65 BUS 
CONNECTOR 


DATA 
BUS 
TRANS- 
CEIVERS | 


CONTROL | CONTROL 
AND SIGNAL 
TIMING 4. | BUFFERS 


| ADDRESS 
ADDRESS ; | SIGNAL 


BUFFERS 


- BANK ADDRESS 


BANK _ 
ADDRESS, 
ENABLE AND 
SELECT 
SWITCHES 


| FIRMWARE 
| ROM RANGE | 
SELECTION | 


. OCTAL 


PROM PROGRAMMER FUNCTIONS 


+ Command - Function 


Check PROM 
Program PROM. 
Read PROM 

Verify PROM 

Check Memory 

Alter Memory 

Invert Memory 
Display Menu - 
Erase EEROM 
Change PROM Type 
Toggle Verify Mode: 
Exit 

Load with Offset 
Dump with Offset | 


Ә-х-ігтә->ош<лзо| 


The RM 65 Floppy Disk Controller (FDC) Module and DOS 1.0 
functions may also be used in conjunction with the PROM Pro- 
grammer to simplify file handling during PROM programming or 
read operations. 


10 BUS 
CONNECTOR 


OCTAL | | 
LATCH PROM 


ADDRESS 
SATON AND CONTROL 


PROM 
DATA 


PROM 
ADDRESS 
AND DATA 


| PROM 
VPP RISE/ кн ADDRESS 
ы FALL TIME MULTIPLEXING > CONTROL 


‘CONTROL IRCUITRY . Vec, Vpp 
CIRCUIT | ks m 


MISPLACED 
PROM | 

, DETECTION ||. 
CIRCUITRY 


о | JUMPER | FIRMWARE j | син 
Ё ' ВОМ ТҮРЕ ANALOG 
SELECTION |. BUFFER 
'| JUMPER | 


PROM Programmer Module Block Diagram 


PROM Socket Pin Assignment 


Connector | 2&pinPROM | | |. Connector | 28-ріп PROM | 
J1(P2) — Socket Pin < Signal _ ; -J1 (P2) Socket Pin Signal 


Pin No. Number "Symbol |  . Signal Мате Ріп №. = Number Symbol |. Signal Name = 
3, 5, 10, 14 | | Ground | 716 |. 1 | ao | ata Bito o 
15, 24, 26, | У ‚ 17 12 - Q1 Data Bit 1 
28, 30, 32, | 18 13 ' | Q? ^ |  DataBit2 

. 85, 37, 39 | 9. 15 | аз Data Ви 3 
1, 40 28 . PROM Supply Voltage zl ИЗМ сае 
2 1 Programming Volta En i 19 e ^ Qaa e 
| bib rd i d 202 | 17 | 05 | раави5 | 
4 2 Address Bit 12 . : Mx 
6 3. Address Bit 7 зе LG К: E iru 
| 2 ae 23 19 Q7 Data Bit 7 
7 4 · Address Bit 6 = | 
| | | 25 2 20 | CE | Chip Enable 
8 5 Address Bit 5 | M 
| б се Ghd. ~ 27 21 | - A10 . Address Bit 10 
а s онзи Bs. 29 . 22 | · ОЕ Output Enable ..- 
х 31 | 23 ^| А11 | Address Вії 11 | 
12 8 Address Bit 2 ! Е | т | 
: 338. | 724 . A9 . Address Bit 9 
13 9 Address ВИА. ee " ВИЕ 
14 10 Address ВО | = E s aci ае 
d MM 36 26 | АЗ | Address ВИ 13 


38 | _ 27 2 PGM, | _ Program 


| RM 65 Bus Pin Assignments | D 
Bottom (Solder Side) = | Тор (Component Side) 


ЕТТЕН | | [| Signa - | 
| Mnemonic Sues Signal Name Mnemonic | Signal Мате. 


GND Ground MES: 1a | 1c | +5V +5 Vde 


BADR/ Buffered Bank Address | га | ‚ 2с ВА15/ Buffered Address Bit 15 
GND Ground | За : 3c BA14/ Buffered Address Bit 14 
BA13/ Buffered Address Bit 13 4a 4c BA12/ Buffered Address Bit 12 
BA11/ Buffered Address Bit 11 5a 5c GND Ground 
BA10/ Buffered Address Bit 10 ба | 6с ВА9/ Buffered Address Bit 9 
BA8/ > Buffered Address Bit 8 Та _ 7с ВА7/ | Buffered Address Bit 7 
GND Ground | | ва. . 8c _ ..BA6/ ^. | Buffered Address Bit 6 
ВА ' `| Buffered Address Bit5 | 5 рода OF 9c . _ ВА4/ Buffered Address Bit 4 
ВА | Buffered Address Bit3 _ | 10a 10c GND Ground ` 
BA2/ Buffered Address Bit 2 . 11а . 11c BA1/ ` Buffered Address Bit 1 
BAO ` | Buffered Address Bit 0 | ‚12а. 12с в@1 ; *Buffered Phase 1 Clock 
GND Ground 13a. 13c BSYNC *Buffered Sync 
BSO | *Buffered Set Overflow | | 14а 14c. BDRQ1/ . *Butfered DMA Request 1 
BRDY . *Buffered Ready 15a | 15с амо Ground 
| *Оѕег Зрае1 |  .- 16a || 16c -12у/-У. *—12 Vdc/-V 
+12V/+V *+12 Мас | | 17а 17с | "User Spare 2 
GND Ground к |. 18a 18c .. BFLT/ | "Винегед Bus Float 
BDMT/ *Buffered DMA Terminate 19a 19c |. Bgo | “Buffered External Phase 0 Clock 
"User Spare 3 M 20a 20c GND | Ground 
BR/W/ Buffered Read/Write “Not” 21a 0 210 . о BDRQ2/ *Buffered ОМА Request 2 
*System Spare 22a ` ||. 22c _ BR/W *Buffered Read/Write 
GND Ground 29a —— 23c BACT/ . Buffered Bus Active 
BIRQ/ *Buffered Interrupt Request 24а | 246 .— BNMI/ . *Вийегед Non-Maskable Interrupt 
вф2/ Buffered Phase 2 “Not” Clock _ _ 25а || 25 | GND |. Ground 
Bj2 *Buffered Phase 2 Clock ор „2ба" || 266 · ВВЕЅ/ | Buffered Reset 
BD7/ Buffered Data Bit 7 | | 27a || 27c BD6/ Виһегесі Data Bit 6 
GND Ground | 28a 28с | BD5/ Buffered Data Bit 5 
BD4/ Buffered Data Bit 4 | о. 29а || 2% | 803/ Buffered Data Ви 3 
BD2/ Buffered Data Bit 2 | 30a || 30c GND Ground 
BDi/ | Buffered Data Bit 1 | Ма || Ste BDO/ | Buffered Data Bit О 
+5V +5 Vde 32а . 32c GND Ground 
Note: 


"Not used on this module 
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SPECIFICATIONS 


Characteristics 


Dimensions 
PROM Programmer Module 
Width 
Length 
Height"! 
Weight’? 
PROM Socket Module 
Length 
Height?) 
Weight (with cable) 9? 
PROM Programmer Cable 
-Length 


Environment 
Operating Temperature 
Storage Temperature 
Relative Humidity 


Power Requirements 


Connectors/Sockets 
RM 65 Bus Connector (P1) 


Socket Module Cable Connector (J1) 


PROM Socket 
Notes: 


PROM Programmer Module 


· Values 


100 mm (3.94 in.) 
167 mm (6.58 in.) 
14 mm (0.56 in.) 
(6.5 02.) 


1844 


76 mm (3.0 in.) 
35 тт (1.38 іп.) 
99g (3.5 ог.) 


610 тт (24 іп.) 


0° to 70°C ; 
—40°С to 85°C 
0% to 85% (without condensation) 
+5V +5% at 1.1 А typical ` 
2.0 A maximum (average) 
2.9 A maximum (peak) 


64-pin plug per DIN 41612 (Rows a and b with с not installed) 


| 40-рїп plug (0.100 in. centers) per DIN 41612, mates with 
c 3417- 7040 (3M) or equivalent 


28-pin, веса ог equivalent 


1. Height value includes the maximum values for component height above the board surface (0.4 in.), printed circuit board thickness (0.062 in.), 
гапа pin extension through the bottom of the module (0.1 in.). 

2. Height value includes height of Zero Insertion Force Socket lever and cable бапа plug thickness. 

3. Total weight of PROM Programmer Module (including PROM Programmer Cable with attached PROM Socket Mou 284 g (10 oz.). 


RM 65 MODULE 


172 MM 
(6.8 IN) 


MATING | 
MOTHERBOARD 
AND RECEPTACLE 
LENGTH 


=] 


EXTENSION 
EUROCARD 
COMPONENT . CONNECTOR 


AREA E 


PROM Programmer Module Outline 
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RM65-2901E PROM Programmer Module 
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Rockwell 


 АМ65-3108Е 
RM 65 Microcomputer Family 


RM65-3108E 


_ВМ 65 8K STATIC RAM MODULE - 


RM 65 MICROCOMPUTER MODULES 


The RM65-3108E 8K Static RAM Module is one of the hardware | 


options available for the RM 65 Microcomputer Module family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in: 'R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the users system. 


RM 65 module products use a motherboard interconnect con- 
серї and accept any card іп any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
'AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


PRODUCT OVERVIEW 


The RM65-3108E 8K Static RAM Module contains 8192 8-bit 
bytes of Random Access Memory (RAM), in sixteen 2114 static 
RAM devices. The memory. is arranged as two separately 
addressable 4K memory sections. The starting address of each 
4K section is selectable by on-board address switches. A Bank 


Select switch allows the RAM module to be assigned to one of 


two 64K memory banks.. 


FEATURES 


e Compact size—about 4" x 6%" (100 mm x 160 mm) 
e Pin and socket bus connectors 

e RM 65. Bus compatible 

e Buffered address, data and control lines.. 

e Two separately addressable 4K byte sections 

e 16 socketed 2114 static RAM devices 

e Write-protect switch for each memory section ` 

e Bank Select and Enable switches 

e +5М operation | 

e Fully assembled, tested and warranted. 


ORDERING INFORMATION 


Part Мо. | 


АМ65-3108Е 
RM65-3108NE 


Description 


eK Static RAM Module 
8K Static RAM Module (without НАМ. 
devices installed) 


8K Static RAM Module User's Manual 
(included with RM65-3108E and 
RM65-3108NE) 


RM65-3108E 8K Static RAM Module 


Document No. ВМА65М01 
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'RM65-31 ОВЕ 


FUNCTIONAL DESCRIPTION 


Т ВК bytes of static 2114 RAM аге divided jnto two зораву: 
 addressable 4K blocks. Two devices per ІК руз аге кча 
‘since each device is 1K > x 4 bits. . | 


The Data Transceivers invert and transfer 8-bits of parallel data 


between the RAM devices and the RM 65 Bus, based on data 
direction signals from the Data Transceiver Control Circuit. 


e 


the RM 65 Bus to Ше RAM devices. to Ще Base Address. 


: Decoders and: 40 the Chip Select Decoder. 


| Тће Control Buffers invert and transfer phase 2 Glock and. read/ 


write control signals from the RM 65 Bus onto the RAM тоди, 
апа агіме ће bus active signal onto the RM 65 Bus. | 


The Bank Select Controller detects when the RAM. module's 
assigned memory bank is. addressed, by comparing the bank 


address signal from the RM 65 Bus to the settings. ofthe Bank | 
Select and Bank Select Enable switches. If the addressed ‘bank. | 
is the same as the selected memory bank, an ШІ з signal | Б 


sen! to the Chip Select Decoder. | 


Two Base Address Decoders detect. when: either 4K. RAM Séc- 


. tion (1 or. 2) is addressed, Бу comparing. the address lines to 


АМ 65. | 
BUS СОММ ECTOR 


RN 
BUS — — 
_ [TIMING AND |. BUFFERS 


| CONTROL 


BANK 
SELECT 
CONTROL 


BANK 
ADDRESS 


| E TRANSCEIVERS : a 
| РАТА ју. 
| TRANSCEIVER 
CONTROL 


8K Static RAM Module 


Base Address Select switch seti 3 When | a match occurs, an 
enable signal is sent to the Chip Select бес деді 


Тһе Chip Select Decoder uses ‘outputs: rom the Bank Select 


Control circuit, the Base Address Decoders,. and the PROM 
ROM size jumpers as well as address:lines A11 and A10 to 
generate one of eight chip select lines to the RAM devices. A 


signal indicating that a chip select line is active is also sent to 
. ;the Write cone and Data Transceiver Control circuits. 


"n 


The Write. Control. circuit generates the write enable signals. to 

_ the RAM devices апа to the Data Transceiver Control. circuit. 
_If the corresponding write protect switch is off, the write enable 

signal is activated. І? the Write Protect Switch is on, the Data 
Transceivers are disabled. | | | 


The Data Transceiver Control circuit determines whether a valid 


read or write operation is in progress, and provides transceiver 
enable and data direction signals to the Data Transceivers. The 


Data Transceivers are enabled if both the bank address and the 
address lines correspond to the selected bank and a selected 
base ели pecie. | 


| | WRITE 
WRITE | PROTECT: 
CONTROL | 7. | swircuEs.| 


TWO 
| 4K 
CHIP | RAM 
m . SELECT | SECTIONS 
> DECODER | 


— BASE 
| ADDRESS 
DECODERS 


ADDRESS 
SELECT 
SWITCHES 


E. BANK SELECT | | з 
| ENABLE SWITCH Да 


ADDRESS 


8K Static RAM Module Block Diagram 


9-22 


RM65-3108E | . _ 8K Static RAM Module 


RM 65 Bus Pin Assignments . 


| Bottom (Solder Side) | 


Signal | | Input/ Signal | 
Pin Mnemonic Signal Name Output Pin Mnemonic Signal Name . 


Top (Component Side) 


Ground 1с | +5V +5 Мас 
Buffered Bank Address 2c BA15/ Buffered Address Bit 15 
Ground 3c BA14/ Buffered Address Bit 14 _ 
Buffered Address Bit 13 4c BA12/ Buffered. Address Bit 12 
Buffered Address Bit 11 Бо GND Ground mE 
Buffered Address Bit 10 6c BA9/ Buffered Address Bit 9 © 
Buffered Address Bit 8 7c ВА7/ Buffered Address Bit 7 
Ground 8c BA6/ Buffered Address Bit 6- 
Buffered Address Bit 5 9c | BA4 Buffered Address Bit 4. 
Buffered Address Bit 3 10c | GND Ground 
Buffered Address Bit 2 11c BA1/ Buffered Address Bit 1 
Buffered Address Bit 0 122 | Bf *Buffered Phase 1 Clock 
Ground 13c BSYNC *Buffered Sync . 
*Buffered Set Overflow 14c BDRQ1/ *Buffered DMA Request 1 
*Buffered Ready 15c GND Ground 
*User Spare 1 16c -12М/-М *—12 Vdc/ -V 
+12V/+V *+12 Vde/+V ° 17с ае *User Spare 2 
GND Ground Line 18c BFLT/ *Buffered Bus Float 
BDMT/ *Вийегед ОМА Terminate 19c вйо *Buffered External Phase 0 Clock 
E *User Spare 3 20с | GND " Ground 
BR/W/ Buffered Read/Write "Not" 21c BDRQ2/ *Buffered DMA Request 2 
*System Spare 22c BR/W Buffered Read/Write 
GND Ground 23c BACT/ Buffered Bus Active 
BIRQ/ *Buffered Interrupt Request 24c BNMI/ *Buffered Non-Maskable Interrupt 
вф2/ Buffered Phase 2 "Not" Clock 25c | GND Ground 
B2 *Buffered Phase 2 Clock 260 | BRES/ *Buffered Reset 
BD7/ Buffered Data Bit 7 27с BD6/ Buffered Data Bit 6 
GND Ground 28с 805/ Buffered Data Bit 5 
BD4/ Buffered Data Bit 4 29c BD3/ Buffered Data Bit 3 
BD2/ Buffered Data Bit 2 30с GND Ground 
BD1/ Buffered Data Bit 1 31c BDO/ Buffered Data Bit 0 


+5V +5 Vde GND Ground 


Note: 
*Not used on this module. 


6.8 IN. MATING 
(172 MM) MOTHERBOARD 


AND RECEPTACLE 
— 


EUROCARD CONNECTOR 
COMPONENT AREA 


HEIGHT pene UM EI ae 


| 
--џ 


E СМЕТЕ 


EXTÉNSION 


Module Dimensions 
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RM65-3108E- 


8K Static RAM Module 


SPECIFICATIONS 


Notes: 


Parameter | 


Dimensions (See Notes) 
Width 
Length : 
Height 


Environment 


Operating Temperature 
Storage Temperature 
Relative. Humidity 


Power Requirements 


Access Time 
RM 65 Bus Interface 


Value - 


.. 8&9 іп. (100 mm) - 


6.3 in. (160 mm) 


` 0.56 in. (14 mm) 


5.3 oz. (145 g) 


OCto70C -— 

-40%С їо +85°C 

096 to 8596 (Without condensation) _ 

+5. Мас +5% @ 1.0A (5. 0W)— Typical 
1.9A (9.5W)—Maximum 


450 ns—Maxim um 


64-ріп pug (0.100 i in. centers) per DIN 41612 (Row b not installed) 


1. Height includes the maximum values for component. height above the board surface (0.4 in. for populated modules) printed circuit board 


| thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 
2. Length does not include the added extension due to the module песе 


3. Dimensions. conform to. DIN 41612. 
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Rockwell 


RM65-31 32Е 
- RM 65 Microcomputer Family 


RM65- 3132Е | 


RM 65 32K DYNAMIC RAM MODULE 


RM 65 MICROCOMPUTER MODULES 
The RM65- 3132E 32K Dynamic RAM Module i is one of the hard- 


ware options available for the RM 65 rie Module. 


Family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 


Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into: 


the user's system. 


RM 65 module products use a motherboard interconnect con- 


сер! and accept any card іп any slot. The 64-line RM 65. Bus. 
offers memory addressing up to 128K bytes, high. immunity to 
electrical noise and includes growth provisions for user func- 


tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and fora 
broad variety of portable or desktop microcomputer applications. 


PRODUCT OVERVIEW 
The 32K Dynamic RAM module provides 32K bytes of read/ 


-write memory using 16 16K bit x 1 dynamic RAM (DRAM) | 


devices. Two bank select switches allow the board to be dedi- - 


cated to either one of two 65K Banks, or to be assigned common . 


to both banks. А 24-ріп DIP header allows each of the eight 4K. 


sections to be independently mapped into any 4K block of the . 


selected 65K bank. The independent addressing of blocks pro- 
vide flexibility with system memory maps. An on- -board Switch "e 


allows the entire board to be write-protected. 


All refreshing of the dynamic RAM chips is automatic and com- med | 


pletely transparent to the RM 65 Bus, thus providing low. power I 


performance at no loss of bus speed. 


FEATURES 


Compact size—about 4" x бул" (11 00 mm x 160 mm) 
Pin and. socket bus connection 

НМ 65 bus compatible 

‘Buffered data, address, and control lines 


" Interna! Refresh controller is completely transparent to the 
RM 65 bus 


On-board switch allows write protection 


e Base Address Header allows each 4K memory section to be 
assigned to any 4K block as a selected bank 


e Bank select switches allow the entire board to be mapped 
into either or both.65K banks 


On-board DC-DC converter for —5 volt. power supply 
e Requires +5 and +12 volt power Нот ше; АМ 65 bus 
• ШУ assembled, tested, and warranted. 


ORDE RING INFORMATION - 


| Part No. 


· RM65-3132E ` 
_ВМ65-3132МЕ 


Description 


32K Dynamic RAM Module 
32K Dynamic RAM Module еа RAM 
4. devices installed) 


Description E 


32K Dynamic RAM Module User's Manual 
‘(included with RM65-31 32E and 
RM65-3132NE). 


RM65-3132E 32K Dynamic RAM Module 


Document No. RMA65N11 
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RM65-3132E 


FUNCTIONAL DESCRIPTION 


The Data Transceivers invert and transfer 8-bit- parallel data = 
between the selected DRAMs to the НМ 65 bus. During a read — 
operation, data from the DRAMs аге latched and driven by ће _ 


transceivers onto the RM 65 bus. During à write operation, data 
from the RM 65 bus drives the DRAMs. The transceivers are 
disabled when the module is not addressed. 


The Address Buffers invert and transfer 16-bit parallel address 
lines from the RM 65 bus into the DRAM Module 


The Bank Select Control circuit detects when the DRAM module S 


assigned memory bank is addressed by comparing the bank 
address signal from the RM 65 bus to the Bank Select and Bank 
Select Enable switches. The Bank Select Enable switch allows 
the board to reside їп соттоп memory. (both Bank 0 and Bank 
1) or only in the Bank set by the Bank Select switch Se Bank 
0 or Bank 1). 


The Control Buffers buffer the control апа timing Bras used 


Пот the RM 65 bus. 


The DRAM. devices require 3 voltages. Two of these (+5. апа 
+12 volts) are available directly from the АМ 65 bus; The third - 
vonage (-5 volts) is. generated on board with a DC/ DC converter. Ж 


Тһе Address Decoder uses the four М5В. address lines 40. 


decode and enable one of 16 lines, each of which correspond 
to 4K blocks. The Base Address Selection Jumpers are placed 
in a 28 pin socket which consists of 16 lines from the Address 
Decoder, four lines: from +5 volts, and 8 lines to the Base 


Address Encoder. The Base Address Selection is made by con- 
necting each of the eight encoder inputs to any one of the 16 


decoder outputs or to +5 volts. This allows each 4K block to be 


addressed anywhere in the selected 65K memory bank or dis- 


RM65 . 
BUS CONNECTOR 


"| DATA 
TRANSCEIVER 
Ж AND LATCH | ü 


“ADDRESS ^ 
BUFFERS | 


DATA 


BUS ACTIVE 


ADDRESS 


ADDRESS | DECODER 


| WRITE 
СО PROTECT 


CONTROL .. 


CONTROL ЩЕ: 
. BUFFERS f 


- AND TIMING 


"| BANK SELECT 
SWITCH 


| вамк [o 
SELECT |. - 


BANK ADDRESS | 
| Ж CONTROL 


POWER 


BASE ADDRESS ye 
SELECTION | 
JUMPERS и, 


WRITE _ 
CONTROL 


qur се BANK SELECT 
“је ENABLE IB 
| SWITCH | 


32K Dynamic RAM Module 


abled. The Base Address Encoder nous a 3 bit code for ihe 


enabled line and an additional signal for any line active (Board. 
Select). The 3 bit code from the encoder becomes the 3 MSB 


address bits for the Memory Address Multiplexer. The Board 2 
Select line and a valid Bank Select signal are used to enable: 
the Memory ( Controller and Data Transceivers, as well as create 
a Data Bus Active Signal. 


The Write Control logic uses the Write Protect switch and the 
Read/Write line to enable writing into the DRAMs. If the Write: 
Protect Switch is off, the Read/Write signal is transferred directly 
to the Memory Controller. If the Write Protect switch is on, the 
Memory. Controller forces a read operation so that the contents: 


of the DRAMs will not be altered. 


The Timing Control generates all the clocks required by the 
Memory Controller, Memory Address Multiplexer, and the 
Refresh Clock. The Refresh Clock generates a refresh cycle for 
every seven RM 65 clock cycles. | 


The Memory Controller uses the clocks derived in the timing 


control to sequence the signals to the DRAM devices. During 
normal read or write cycles, the Memory Controller allows Row _ 


5 Address, then Column Address information to be applied to the 
addressed DRAMs апа generates the read/write signal. When 


a refresh is required, the timing is controlled so that the refresh | 
is. transparent to ще RM 65 bus. 


The Метогу Address Multiplexer and Refresh Counter multi- 
plexes Row, Column, or Refresh Addresses onto the DRAM 
address lines in response to the Memory Controller. There is 
also a Refresh Counter which is incremented by the Refresh 
Clock. ; 


МЕМОВУ 
ADDRESS 
MULTIPLEXER 
AND | 
‘REFRESH 
COUNTER 


DRESS 
"ENCODER 


DYNAMIC 


RAM 
DEVICES 
(16) 


MORY 
CONTROLLER 


REFRESH TIMING 
CLOCK CONTROL 


32K Dynamic RAM Module Block Diagram 


RM65-3132E 


RM 65 Bus Pin Assignments 


- Bottom (Solder Side) | 


| Signal 
Pin Mnemonic Signal Name 


Ground 1c 
Buffered Bank Address 2c 
Ground Зс 
Buffered Address Bit 13 4c 
Buffered Address Bit 11 5c 
Buffered Address Bit 10 6c 
Buffered Address Bit 8 7c 
Ground 8c 
Buffered Address Bit 5 '9с 
Buffered Address Bit 3 10c 
Buffered Address Bit 2 11c 
Buffered Address Bit 0 12c 
Ground 13c 
*Buffered Set Overflow 14c 
*Buffered Ready 15c 
*User Spare 1 16c 
+12V/+V +12 Уас/--У 172 
GND Ground Line  . 18c 
BDMT/ *Buffered DMA Terminate 19c 
*User Spare 3 20c 
Buffered Read/Write "Not" 21c 
*System Spare 22c 
Ground 23c 
*Buffered Interrupt Request 24c 
Buffered Phase 2 "Not" Clock 25c 
*Buffered Phase 2 Clock — . 26c 
Buffered Data Bit 7 27с 
Сгоипа 28с 
Buffered Data Bit 4 29c 
Buffered Data Bit 2 30c 
Buffered Data Bit 1 31c 
+5 Мас | 32с 


Мае: 
*Not used on this module. 


6.8 IN. 
(172 MM) 


— 


Џ 
aU 


MATING 
MOTHERBOARD 
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32K Dynamic RAM Module 


Top (Component Side) 


Signal 


Mnemonic 


Signal Name | 

5 Vdc EON 
Buffered Address Bit 15 
Buffered Address Bit 14 
Buffered Address Bit 12. 
Ground | 
Buffered Address Bit 9 
Buffered Address Bit 7 
Buffered Address Bit 6 : 
Buffered Address Bit 4 
Ground 
Buffered Address Bit 1 

*Buffered Phase 1 Clock 

*Buffered Sync 

*Buffered DMA Request 1 
Ground | 


_ *—12 Масј -V 


*User Spare 2 


. *Buffered Bus Float 


*Buffered External Phase 0 Clock 
Ground 
*Buffered DMA Request 2 
Buffered Read/Write 
Buffered Bus Active 
*Buffered Non-Maskable Interrupt 
Ground 
*Buffered Reset 
Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground 
Buffered Data Bit O 
Ground 


EUROCARD CONNECTOR 


COMPONENT AREA 


= — — — 


POE CUM. 


RM65-3132E ee и "АЕ 32K Dynamic RAM Module 


SPECIFICATIONS 


Parameter 


Dimensions (1, 2, 3) РИ т . | 
Width 1 | — 89in.(100 mm) . 
Length | | 6.3 in. (160 mm) 
Height à LI 0.56 in. (14 mm) 


4.5 oz. (140 g) 


Environment | | ч 
Operating Temperature” | ФС to 70°С 
Storage Temperature = | је —40*C to +85°С 
Relative Humidity ^. > 0% to 85% (without ——— 


Power Requirements E ^ — 45 Мас +5% 1.4 А (7.0 W)—Maximum 
E" | +12 Мас +5% 170 тА (2.1W)—Maximum 


. RM 65 Bus mex ES 64-ріп plug (0.100 in..centers) per DIN 41612 (Row b not installed) 


_ Notes: 
Дай Height includes the: maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 
2. Length does not include extensions beyond the эше: of the module due to connectors or the module ejector. 
3. Dimensions conform to. DIN 41 612. ы га 
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Rockwell 


RM65-3216E 
RM 65 Microcomputer Family 


RM65-3216E 


RM 65 16K PROM/ROM MODULE 


RM 65 MICROCOMPUTER MODULES 
The RM65-3216E 16K PROM/ROM Module is one of the hard- 


ware options available for the RM 65 НОРЫ Модие 


family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


PRODUCT OVERVIEW 


The RM 65 16K PROM/ROM Module has eight, 24-pin sockets 
to accept up to 16K bytes of either programmable read-only 
memory (PROM) or masked read-only memory (ROM) devices. 
On-board jumpers permit selection of 2K, 4K or 8K byte PROM/ 
ROM devices. Switches allow setting of the starting address for 
independent 4K byte blocks of memory. All 16K bytes can be 
assigned to two memory banks, or 8K can be assigned to 
common memory while the other 8K can be dedicated to one 
or two 65K memory banks. Low power operation is jumper 
selectable for РАОМ$ that have this option. 


FEATURES 


e Compact size—about 4" x 6%” (100 mm x 160 mm) 
e Pin and socket bus connection 

e RM 65 Bus compatible 

e Buffered address, data and control lines 

e 


Supports the following PROMs/ROMs or equivalents: | 
Intel 2716 or 2732 PROMs 
TI TMS 2516 or 2532 PROMs 
Rockwell R2316, R2332 or R2364 ROMs 
e Low-power PROM operation selectable by individual socket 
jumpers 
e Jumpers allow selection of 2K, 4K or 8K byte devices 


Starting address selectable for each of four 4K memory 
blocks 


e Separate switch allows 8K to be dedicated to one or two 
memory bank operation 


e +5V operation 
e Fully assembled, tested and warranted 


ORDERING INFORMATION 


RM65-3216E ` | 16K PROM/ROM Module | 


16K PROM/ROM Module User's Manual 
(included with RM65- -3216E) 


RM65-3216E 16K PROM/ROM Module 


Document No. RMA65N02 
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RM65-321 6E 


16K PROM/ROM Module 


FUNCTIONAL DESCRIPTION 


The PROM/ROM module has eight 24-pin sockets which: ~ ir 


accept up to 16K of either 2K, 4K, or aie PROM! or ROM. 


The Data Buffers имен and алеја 8- bits of рагай! data fom 


the selected PROM/ROM devices to the RM 65 Bus ner read 


operations... 


Four Base Address Decoders allow AK С PROMIROM s sections 
to be independently addressed оп апу 4K boundary: within: the 


. selected bank. When an address falls. within any section (per 


' the Base Address switches), an enable: бола is sent. to the one 


The Control | Buffers invert and transfer phase 2 clock, and read) | 


write control signals from the RM 65 Bus onto the PROM/ROM 
module, and arive the bus active signal onto the RM 65 Bus. 


| The Bank Select control circuit détects when the PROM/ROM | 


module's assigned memory bank is addressed, ‘by comparing 
the bank address signal from the RM 65 Bus to the Bank Select 
.and Bank Select Enable switches. The Bank Select Enable 
switch allows 8K of the PROM/ROM to be common memory 
(addressable in both Bank 0. and Bank 1) while the remaining 
ВК is assigned either to Bank 0 or Бы 1, ав ӘБІШЕВ by the 
Bank Select Switch. TOP X | 


Select Decoder. 


` PE р 


Тһе Chip Select Decoder uses е, fom P Bank дед 


Control circuit, the Base Address Decoders, and the PROM/ 
ROM size jumpers as well as the address lines to generate chip 
selects to the: PROM/ROM devices. The PROM/ROM type 
jumpers route the chip Select lines. to the correct pins on ihe 


РВОМ/НОМ sockets. 


The Data Buffer Control circuit enables the Data Buffers during 
a read operation when an address corresponding to a selected 
base address is decoded ane үе selected PROM ROM шығ 
bank is addressed. | 


ВМ 65. E 


| DATA 


BUFFER 


| ВАЗЕ —— 


BUS CONNECTOR 
Е. РАТА |77 
ВАТА | BUFFERS |_ 
CLOCK AND ! 
uo] | ____| serene 
BUF 
BUS _| BUFFERS 
АСТМЕ | | 
ў. d | ВАМК 
BANK | | BANK | ыы: 
"AppnESS|] | SELECT ДА 
ia CONTROL "i | 
2 eri BANK 
SELECT 
ENABLE 
SWITCH 
ADDRESS 
ADDRESS] BUFFERS 


" CONTROL 


CHIP 
SELECT 
DECODER 


> PRoM/ROM| | 
TYPE | 


JUMPERS SOCKETS 


FOR 16K ОЕ | 


'РВОМ/АОМ | 


BASE 
ADDRESS. 
DECODERS 


ЕКЕ тата е 
ә size F 
E JUMPERS 


16K PROM/ROM Module Block Diagram 
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RM65-3216E | | «16K PROM/ROM Module 


RM 65 Bus Pin Assignments 


Bottom (Solder Side) | Top (Component Side) 


Signal | | Input/ Signal 
Mnemonic Signal Name Output Pin Mnemonic 


іс. +5V +5 Vde 


Signal Name 


GND Ground 
ВАОВ/ Buffered Bank Address | | 2c BA15/ Buffered Address Bit 15  . | 
GND Ground 3c BA14/ Buffered Address Bit 14 — l 
BA13/ Buffered Address Bit 13 | 4c | BA12/ Buffered Address Bit 12 · | 
ВА11/ Buffered Address Bit 11 | 5c GND Ground | | 
ВА10/ Buffered Address Bit 10 | ec | ВА9/ Buffered Address ВИ 9 1 
ВА8/ Buffered Address Bit 8 | 7c ВА7/ Buffered Address Bit 7 | 
амо Ground . 8c BA6/ ВиНегед Address Bit 6 | 
BA5/ Buffered Address Bit 5 | 9с ‚ ВА4/ Buffered Address Bit 4 | 
ВАЗ/ Buffered Address Bit 3 | 10с GND Ground | 
BA2/ Buffered Address Bit 2 | 11с ВА1/ Buffered Address ВК 1 | 
ВАО/ Buffered Address Bit 0 | 12с в 1 *Buffered Phase 1 Clock | 
GND Ground 13c BSYNC *Buffered Sync 
BSO “ВиНегед Set Overflow -142 |. BDRQ1/ *Buffered ОМА Request 1 
BRDY *Buffered Ready 15c GND Ground 
*User Spare 1 16c —12V/-V | *-12 Vdc/-V 

+12V/+V *+12 Vde/+V 17с *User Spare 2 
GND Ground Line 18c BFLT/ *Buffered Bus Float 
BDMT/ *Buffered DMA Terminate | 19c Bo *Buffered External Phase 0 Clock 

= “User Spare 3 20с амо Ground 
BR/W/ “Buffered Read/Write "Not" | 21с BDRQ2/ *Buffered DMA Request 2 

| *System Spare 222 | ВАМ | Buffered Read/Write [ 

GND Ground 23c BACT/ Buffered Bus Active О 
BIRQ/ *Buffered Interrupt Request 24c BNMI/ *ВиНегед Non-Maskable Interrupt 
Bgf2/ *Buffered Phase 2 "Not" Clock 25c GND Ground 
Bg2 *Buffered Phase 2 Clock 26с BRES/ *Buffered Reset 
BD7/ Buffered Data Bit 7 О 27с BD6/ Buffered Data Bit 6 О 
амо Ground 28с BD5/ Buffered Data Bit 5 од 
BD4/ Buffered Data Bit 4. О 29с BD3/ Buffered Data Bit 3 О 
BD2/ Buffered Data Bit 2 О 30c GND Ground 
BD1/ Buffered Data Bit 1 о BDO/ Buffered Data Bit 0 О 


Not Connected. (Зее Note) Not Connected (See Note) 


* Not used on the 16K PROM/ROM module. 


SPECIFICATIONS 


Parameter | Мајџе 


Dimensions (1, 2, 3) 
Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 
Height 0.56 in. (14 mm) 


Weight 5.0 02. (140 9) 


Environment 
Operating Temperature 0°С to 70°С 
Storage Temperature —40°С to +85°С 
Relative Humidity 0% to 85% (without condensation) 


Power Requirements | | 
м/о PROM/ROM Devices | +5 Мас +5% 0.17A (0.85W)—Typical 
0.274 (1.35W)—Maximum 


RM 65 Bus Interface 
Edge Connector Version 72-pin edge connector (0.100 in. centers) 
Eurocard Version 64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 


Notes: 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated 4068); printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. 
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Rockwell 


RM65-3264NE 
RM 65 ; Microcomputer Family | 


"neo RM65-3264NE 
|. UNIVERSAL MEMORY MODULE 


. RM 65 MICROCOMPUTER MODULES 


The RM65-3264NE Universal Memory Module (16K-128K) is 


one of the hardware options available for the RM 65 Microcom- 
puter Module Family. | 


'RM 65 Microcomputer Modules аге designed for OEM and end 
user microcomputer applications when state-of-the-art perfor- 
_ mance, compact size, modular design, and low cost are required. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC, and FORTH. Both BASIC 
. and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 Modules plug into a motherboard designed to accept any 
card in any slot. The 64-line RM 65 Bus accommodates memory 
addressing up to 128K bytes, provides high immunity to elec- 
trical noise, and includes growth provisions for user functions. 
A selection of card cages permit packaging flexibility. АМ 65 
products may also be used with Rockwell AIM 65 or AIM 65/40 
Microcomputers for product development and for portable or 
. desktop microcomputer applications. 


RM65-3264NE Universal Memory Module | 


FEATURES 


e In the high speed mode, supports Rockwell Design. Center 
4 MHz RAM operations 

In the universal memory mode, supports 2K, 4K, 8K, and 16K 
byte-wide memory devices 

On-board header and shunt congue the module into a 2K 
to 128K memory space 
Each half (four device sockets) independently configurable | in 
the universal memory mode 

On-board memory bank select switches assign each half of 
the module to either one or both of two 64K memory banks 
On-board ROM select switches serve as write- -protect switches 
for each half of the memory in universal memory mode 
‘Rockwell RM 65 Bus compatible 

Compact size—100 mm х 167 mm (approximately 4 in. x 
6.3 in.) | 
Operates from а single +5\ ромег зошгсе 

Fully assembled (except for кру тетогу devices), 
tested and warranted 

Supports 16K of 2K devices, 32K of 4K devices, 64K of 8K 
devices, and 128K of 16K devices in universal memory mode 
Supports 64K of 8K devices in high speed mode diu to 
Devices Supported for. pan numbers) | 


OVERVIEW 


Two major capabilities are provided in the Universal Memory 
Module: the flexibility of using 2K, 4K, 8K, or 16K memory 
devices on the module, and use of the memory in either.a high- 
speed. mode or a universal тетогу тоде. Typical data-transfer 
rates are up to 4 MHz (to support the Rockwell Design Genter _ 
(RDC) System) in the high speed mode and 1- to 2-MHz in the 


‘universal memory mode. Rates. are dependent both on memory 
devices used апа system configuration. Memory devices that. 
. сап be used with the module are RAM' 5, вом: 5, ЕРНОМ 5, , and: 


EEPROM's. 


“ORDERING INFORMATION 


| RM65-3264NE ` 


Description 


"Universal Memory Module 


Document No. RMA65N32 


Data Sheet Order No. RM32 
. August 1983 


ВМ65-3264МЕ 
| FUNCTIONAL DESCRIPTION 


Data Bus Transceivers buffer and invert data signals BDO/ « 


through BD7/. Data signals from the RM 65 Bus pass through 
the bidirectional transceivers into the module during a write 


operation and out from the module through the transceivers to 


the RM 65 Bus during a read operation. Data in is inverted for 


use in the module, and data out (from the module) is inverted. 


for use on the RM 65 Bus. Transfers occur when any of the chip- 
select signals and the £2 clock pulse are in the active states 


concurrently. Direction of data flow either into or out of the 


module is controlled by the R/W signal state. 


Address and Control Buffer. logic consists of inverters that buffer 

address signals BAO/ through BA13/ and the read/write signal 
BR/W/. These signals are converted to positive signals BAO 
through BA13 and BR/W for use within the module. 


Bank Address Select logic is controlled by the state of the 
BADR’ signal, which functions as a seventeenth address bit. The 
state of the BADR/ signal indicates which of the two 65K memory 
banks is addressed. In the high speed. memory mode, the 
module can be configured to operate in either one or both 65K 
memory banks. In the universal memory mode, each half of the 
- memory is Feli ита to either one or both. 65K memory 
banks. | | 


Модије Active logic is enabled тер апу Ыр ОС. signal is 

enabled. Thus, when any memory device in either Memory A 

or Memory B is enabled by a chip-select signal, the ВАСТ/, ог 
. Module Active, signal 5 іп the active state. 


Address signals BA1 3/, ВАТ 4/, and BA15/, in n conjunction with 
BO, are decoded by a 3:8 decoder to enable one of eight pos- 
sible outputs. Each output signal in a low state indicates an 8K 
address boundary signal. Thus, the 8K address boundaries are 
$0000, $2000, $4000, . .. 52000. Each of these signals is used 
as a memory chip-select signal during operation of the memory 
‘in the high-speed mode and as a 2K, 4K, 8К, and 16K decoder 
enabling signal іп the universal memory mode. | 


Ву connecting a pin on the Address Header to a specific output 
(chip select) pin from the 8K Decoder, that 8K address boundary 
E signal is connected to one specific memory device (in.one of the 
eight memory device Sockets) only in high speed mode. 


The module can be used either as a high speed memory or as 
a universal memory. The removable 16-pin 8-position shunt is 
placed: either in the High Speed Option Shunt socket for high 
_ speed memory operation, ог in the Universal Memory Option 
~ “Shunt socket for universal memory operation. In the high speed 


E pt mode, Memory A Decoder and Memory B Decoder are по! 
ОТ used, and the address: (chip-select) signal from the Address - 


Header is applied directly to the applicable Memory A ог Memory : 


B devices. Аза гезић, decoding time is saved. 


Memory A consists of 2K, 4K, 8K, or 16K memory devices 


installed in the four sockets. assigned as Memory A. Memory B 


also consists of memory devices located in-four sockets des- | 


ignated as Memory B. Thus, the capacity of Memory A ог. 


Memory B is dependent on the capacity of the memory devices 
-installed in'each socket. Each of the two groups of four sockets 
can be configured with jumpers to accept one of the four types 
(2K, 4K, 8K, or 16K) of memory devices. Each memory device 
in the memory sockets in Memory A or Memory B must have 
the same capacity. 


Universal Memory Module 


Device Select A consists of jumpers E3, E4, and E7 through 
E10 determine the particular type memory device (2K, 4K, 8K, 


ог 16K) installed іп the Memory A sockets. Similarly, Device 
Select B jumpers E5, E6, and E11 through E14 determine 


memory device types in Memory B B. 


Memory A Decoder isa т. array logic ( PAL) device | 


internally configured to decode a combination of input signals 


and generate one output (chip-select) signal. Memory Decoders. 
А and B are. used only when the module is being operated in 


the universal memory mode. Both decoders operate in the 
same manner, but only one is used at a time. Thus, when 


Memory A is addressed, Memory Decoder A is used, and 
Memory Decoder B when Memory B is addressed. | 


DEVICES SUPPORTED - | 
In-the universal memory mode, the ж isa partial list of 
devices supported: 


‚ 16K of the following 2K devices: 


| ROM- Rockwell D | 


92316 | 

| 2716 |. .EPROM-Intel _ - 

_ 2516 ЕРВОМ-ТІ | 
2016 | . RAM-Toshiba 0 
5516 _ .. RAM-Toshiba 
6116  RAM-Hitachi 00 
R5213/2816 EEPROM-Rockwell | 
X2816 ` EEROM-XICOR 

32K of the following 4K devices: 
R2332 “ВОМ- и! 
2732A- = ROM-Intel > 
2532 (350ns) Row тр 


64K of the following 8K. devices: ? 
R2364A, 823648 | CRON- Rockwell: 


68A764 Я ЕРВОМ- -Motoróla. . 
68766 >. EPROM- Motorola 
2764 ^ 5. ар  EPROM-ntel 0-2 
5564 “72 2 oos ВАМ- Toshiba | ~ 
6264... __ВАМ-Ннасће 
8464 à SUE Ri. cq RAM- Fats. 

128K of the following 16K devices: | 
_ 823128 | вом: Rockwell 
27128 | .EPROM- Intel | 


. Inthe high speed. mode, the following, is a partial list of devices 


supported: 


| 64K of the following 8 вк devices: 


R2364A, R2364B _ ROM-Rockwell 


68A764 _ EPROM-Motorola | 
68766 ` EPROM-Motorola 
2764 EPROM-Intel 
5564 RAM-Toshiba | 
6264 RAM-Hitachi | 
8464 | 


RAM-Fujitsu 


RM65-3264NE 


Bottom (Solder Side) 


IEEE Signal | 
Ріп Мпетопіс 


GND 
BADR/ 
GND | 
ВА13/ 
ВА11/ 
ВА10/ 
ВА8/ 
-GND 
ВА5/ 
ВАЗ/ 
ВА2/ 
ВАО/ 
“GND 
BSO 
BRDY 


+12V/+V 
GND 
BDMT/ 


BR/W/ 


GND 
BIRQ/ 
ЕСЕН 

B2 
BD7/ 
GND 
BD4 | 
BD2/ 
BD1/ 
+5V 


Note: * Not used on this module 
apg! то 


BD7/ 8 


BA13/ са ВА15/ 


DATA BUS 


== TRANSCEIVERS | 


RM 65 Bus Pin Assignments 


Ae | Signal 
Signal Name Mnemonic 
Ground . 
Buffered Bank Address 
Ground | 
Buffered Address Bit 13 
Buffered Address Bit 11 
Buffered Address Bit 10 
Buffered Address Bit 8 
Ground 
Buffered Address Bit 5 
Buffered Address Bit 3 
Buffered Address Bit 2 
Buffered Address Bit 0 
Ground 
*Buffered Set Overflow | 
*Buffered Ready 
*User Spare1 - 
*+12 Vdc/ - V 
Ground Line | 
*Buffered DMA Terminate 
*User Spare 3 ini 
Buffered Read/Write “Not” 
*System Spare 
Ground 
*Buffered Interrupt Request ` 
Buffered Phase 2 “Not” Clock. - 
Buffered Phase 2 Clock 
Buffered Data Bit 7 
Ground 


^ Buffered Data Bit 4 


Buffered Data Bit 2 
Buffered Data Bit 1 
+5 Vde 


| мооще | 
| АСТМЕ 


~ 
DECODER 


` ADDRESS 


,BANK | | 
ADDRESS | | | 
SELECT ; pecoren 


AND | 2 МЕМОЯУ А 
CONTROL 
BUFFER 


DECODER 


‚ UNIVERSAL 
. MEMORY 
OPTION 
SHUNT 


MEMORY B 


Universal Memory Module Block Diagram - 
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Universal Memory Module 


“Тор (Component зае) 


Signal Name 
+5 Мас Tm 
Buffered Address Bit 1500 
Buffered. Address Bit 14 
Buffered Address Bit 12 
Ground 
Buffered Address Bit 9 
Buffered Address Bit 7 
Buffered Address Bit 6 
Buffered Address Bit 4 
Ground <. | 
Buffered Address Bit 1 d 
*Buffered Phase 1 Clock ^. 
*Buffered Sync 
*Buffered DMA Request 1 
Ground | 
*—12 удс/-У 
*User Spare 2 
*Buffered Bus.Float 
*Buffered External Phase 0 Clock 
- Ground 
*Buffered DMA Request 2 
*Buffered Read/Write 
‘Buffered Bus Active 
*Buffered Non-Maskable Interrupt 
Ground 


“Buffered Reset 


Buffered Data Bit 6 _ 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground . 

Buffered Data Bit 0 
Ground 


MEMORY | . 
A 


DEVICE 
— SELECTA 


С MEMORY _ 
| B. | 


DEVICE 
7: SELECTB | 


RM65-3264NE = = | | Universal Memory Module 
SPECIFICATIONS 


Parameter m 


Dimensions 23) | е wm n : ET 
Width | т К. ы 100 тт (3.94 іп.) 
Length "a е | 160 mm (6.3 in.) 
Height - E | 14 тт (0.56 in.) 


_ 156 9 (5.5 02.) 


Environment | _ 40% M | 
Operating Temperature . ОС to 70°C 
Storage Temperature ` | | —40°С to 85°С. 
. Relative Humidity — _ | м _ 0% to 85% (without condensation) 


Power Requirements | ` 5.0У (420 ma. typical, 640 та. рт with no asd devices installed) 


Connector . КЕ | 5 | 
RM 65 Bus Connector P1 | ~ о | - 64- -рт plug (0. 100 іп. Centers) per DIN 41612 (Row b not installed)—mates 
i ЕТІ сү Е 96ВЗ2НОрАВОГ 3 ог Mes Maral | 


Notes: | | : "s 

1. Height includes the maximum values. for component height above the board surface (0. 4 in. for populated посев); printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 ща | | 

2. Length does not include the added extension due to the module SE: 

3. Dimensions conform to DIN 41612. 20. 
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ЕХТЕМЗЮМ 


Module Dimensions 


9-36 


6% 


Rockwell 


| RM65-5101E 
RM 65 Microcomputer Family 


`ВМ65-5101Е_ 
RM 65 FLOPPY DISK CONTROLLER 
_ (РОС) MODULE | 


ВМ 65 MICROCOMPUTER MODULES 


3 The RM65- 5101E Floppy Disk Controller Module is one of the ? 


А hardware options available for the RM 65 УУ Module 
Қ family. 


RM 65 Microcomputer Module етее аге , designed for ОЕМ 

and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 

Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 modules use a motherboard interconnect concept aid 


accept any card in any slot. The 64-line RM 65 Bus offers 


memory addressing up to 128K bytes, high immunity to elec- 


trical noise and includes growth provisions for user functions. 


A selection of card cages provides packaging flexibility. RM 65. 


products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for a broad 
variety of portable or desktop microcomputer applications. | 


PRODUCT OVERVIEW 


. The RM 65 Floppy Disk Controller (FDC) Module controls up 10 
four. standard (8") ог mini- (514) floppy disk drives, Single ог. 


.. double sided, soft sectored with either single density (FM) or 


. double density (MFM) format. Software control of media density / 
allows single or double зу disks to be used in ay m. 


nected drives. 


. Two DIP headers би the РОС. to interface with either: 


standard or mini-floppy disk drives. An on-board jumper selects 
_ single or double sided drives and a switch disables on-board 
ROM. The FDC directly interfaces to most. popular: drives with 


only switch and/or header changes. Bank Select and Bank 
Select Enable switches allow the FDC module to be dedicated 
to one of two 65K memory banks or assigned common to both | 


_ banks. The FDC module I/O can be assigned to any page (256 
ay ` bytes) using a standard PROM if the ROM is deselected. . 


RM65-5101E Floppy Disk Controller (FDC) Module · 


_ | RM65-5101NE - 


FEATURES. 


Compact size—about 4" x би" (1 00 mm x 160 mm) 
Pin and Socket bus Connection 

ВМ 65 Bus: Compatible 

Buffered address, data and control lines 


Supports single or double sided, standard or mini-floppy disk 
drives a" 


e Controls up to four disk drives 


е Interfaces directly to Shugart SA-850 or SA-450 disk drives, 
... With user options for other popular floppy disk | drives 


® Supports single-density ІВМ 3740 (FM) or double-density 


IBM System 34 (MFM) formats 
DMA data transfer capability | 
Supports interrupt-driven or polled operation 
Bipolar PROM Base Address decoding р 
Switches or jumpers юг. 
— Bank Selection to one or two banks 
Double or Single sided operation 
—Select or deselect ROM ы 
— Module disable | | 
e On- board header configures Vo for 8" or Би" drive interface 
• Fully assembled, tested and warranted | 


ORDERING INFORMATION 


Part No. КОД и Description. 


7. RM65-5101E Floppy Disk Controller (FDC) Module with 
ык on-board ROM* | 

"Floppy Disk Controller (FDC) Module 

МӘ without on-board ROM ' 

© “А65-090 0 AIM 65 DOS 1.0 НОМ" 

А65/40-7090 АМ 65/40 DOS 1.0 КОМ“ 


| Order Мо. | | ща - Description 


ЕОС Module User's Manual (included with. || 
RM65-5101E, RM65-5101NE, A65-090 and. | 
A65/40-7090) - 


: "ROM contains FDC module primitive subroutines only. 


|: “ВОМ contains РОС module primitive subroutines and operator 


 selectable file management. functions. ngu with host com- E 2 
puter /O ыы си 


_ Document No. RMA65N15 


Data Sheet Order No. RM15 0 


Rev. 2, June 1983 | 


RM65-5101 E 


F UNCTIONAL DESCRIPTION - 


The Data Transceivers invert and transfer 8-bits of parallel data | 


between the FDC module and the RM 65 bus, based on control 


signals from the Base Address Decoder and the Control Buffers. Е 


Тһе read/write control line determines the election: while the 


bus active enables the Data Transceivers. 


The Address Buffers invert and transfer 12 of the 16 parallel 
address lines from the RM 65 bus to the Base Address Decoder, 
the Program ROM and the Floppy Disk Controller (FDC) device. 


The Control Buffers invert and transfer phase 2 clock, reset, and 
read/write control signals from the RM 65 bus onto the module. 


The Bank Select Control circuit detects when Ше. module's 
assigned memory bank is addressed by comparing the bank 
address signal from the RM 65 bus to the Bank Select and Bank 
Select Enable switches. The Bank Select Enable switch assigns 
the module to be active in common memory (both Bank 0 and 
Bank 1) or only in the Bank set x the Bank Sdn switch е 
Bank 0 or Bank 1). | ; 


The Interrupt and DMA Control circuit. Е! ЕН іп 
either an interrupt driven mode ог under. DMA control. Both 
Interrupt generation and DMA requests can be disabled under 
program control. The DMA request is jumper selectable for 
either of two DMA regust ines connected to ix aM 65 bus. 


The Base Address Decoder, with the Base Address Select 
PROM, the Bank Select Control circuit, the ROM Disable switch, 
and the phase 2 and read/write signals control device selection 
on the module. The Base Address Select PROM compares the 
eight most significant address lines to the programmed 
addresses to generate device select signals to the Program 
ROM and the ИО devices. The ROM Disable switch assigns the 
module to be active either in a 256 byte page (disabled) or in 
a 4K byte block (enabled). A separate Module Disable switch 
allows the entire module to be disabled. A Pm 


When the ROM is disabled! only the /О devices are active, in 
the 256 byte page that matches all eight Base Address Select 
bits. For the УО devices, the three least significant address 
lines, along with the phase 2 clock and read/write control sig- 
nals, drive register select lines to the FDC device, and device 
select lines to the Drive Status Buffer and Drive Contro! Register. 


| When the ROM is enabled, the module is active in 1 the 4K byte 


_ block that matches the four most significant Base Address · 


: select bits. The program ROM is selected except when the 
address matches the four least significant Base Address Select 
bits, in which case the I/O device select lines are selected. | 


The Controller Clock derives a reference frequency for the FDC 
device from a crystal controlled oscillator. The frequency is 1 
MHz or 2 MHz, depending on the Drive Configuration Header 
position. Е | m 


The FDC device, in conjunction with the Data Separator and 
Precompensation Circuitry, interfaces the RM 65 bus to the 
Floppy Disk medium. The circuitry supports 5%” or 8", single 
or double sided disk drives, with choice of single or double den- 


Floppy Disk Controller (FDC) Module 


sity, soft sector formats. The FDC. features powerful commands, . 
including single or multiple record read/write with seléctable | 
record lengths. Write precompensation circuitry ensures reliable · 
data recovery in double density formats. The Precompensation. ` 
jumper selects precompensation on all tracks, only on tracks 44 i 
and greater, or no precompensaton at all. "E 


The Drive Configuration header selects the /О-соппесіюг апа : 
РОС circuitry for either 574” mini-floppy or 8" standard floppy. 
disk formats. The 50-pin I/O receptacle connects the FDC module 
to a mass terminated cable connected to the installed disk 
drives. А 34-ріп cable and mating connector. can be used to 
connect the 574” mini-floppy drives while а 50- -pin cable and 
mating connector is needed to connect to the 8' Порру eres: 


The Drive Status Buffer пика detection of the. Drive Configu- | 


_ ration header апа Single/Double Sided Drive jumper резшопа, 


а5 well as selected density and side information. 


The Drive Control Register provides control of the side and ditis 
selection, motor on, head load, double density, and interrupt 
disable. The Active Side 0 Level jumper allows the use of var- 
ious drives without modification. | 


| The Ready State Generator provides wait states as required by 


the FDC device. 


The Program ROM contains. primitive subroutines to support 
operations with up to four disk drives (single or double side, 
single or double density), including: 


Format a Disk 

Read or Write a Sector 

Seek or Verify Seek of 
a Track 

Restore the Head 


Read or Write Multiple 

_ Sectors ы 
Head or Write a Track 

Turn Motors On or Off 

Select or ' De-select any Drive 


A user-provided program may call these subroutines to build an 
application РУШЕН file- РА "stem 


OPTIONAL DISK OPERATING SYSTEM 
(DOS) FIRMWARE 


Two optional ROMs are available that integrate the FDC prim- 
име subroutines with operator selectable file management func- 
tions for operation on the AIM.65 and AIM 65/40 microcomputers. 
Either of these ROMs may be installed into the PROM/ROM 
socket on the FDC module to provide a firmware based Disk 
Operating System (DOS). 


This version 1.0. ROM-based system offers the same conve- 
nience as the other AIM 65 and AIM 65/40 firmware in that it 
is immediately available for use through the Debug Monitor/Text 
Editor upon power turn-on. Mass storage operation may, there- 
fore, proceed without waiting for loading of the DOS into RAM. 


Text and program source code may be written to, and read from, 


_ disk with the Editor LIST (L) and READ (В) commands, respec- 


tively. Similarly, binary data and program object code may be 
written to, and loaded from, disk using the Monitor DUMP (D) 
and LOAD (L) commands, respectively. AIM 65 and AIM 65/40 


_ RM65-5101E | 

_ Assembler and PL/65 files, both source and object code, аге 
therefore supported. АМ 65 and АМ 65/40 BASIC programs - 

may also be saved on, end loaded from. disk. 


. The primary DOS commands are: 


Format a Disk | Delete a File Name 


List the Directory | ^  ' Recover а File Name 
List a File |. 4, Васкира Disk 


Files are created atitomatically upon writing a file to. disk: A file 


name (up to 10 characters in length) and the disk drive number 


Floppy Disk Controller (FDC) Module . 


The disk format function initializes a disk depending upon size, | 


% density ahd drive number. 5%” and 8" disks are initialized to 35 


(from 1 to 8) are operator entered i in response to system prompts. Ж | 


| (Double-sided drives are treated as two separate Sides.) 


RM 65 | 
BUS CONNECTOR 
8 DATA | 
СА TRANSCEIVERS, 
PROGRAM 
BUS ACTIVE а 
ADDRESS 
TIMING поралар 
‚ CONTROL BUFFERS |. 
п. MES. — BANK SELECT 4 
BANK BANK. с SWITCH | 
‚_— ADDRESS ^ SELECT 
e CONTROL 2740 
| i BANE SELECT 
ENABLE | 
| “SWITCH 
INTERRUPT 


DMA. REQUESTS. 


ae оаа 


телу о 
STATE 


| GENERATOR 


READY 


> INTERRUPT 


Б CONTROL zi 


BASE ^ ` 
.. ADDRESS 
DECODER | 


ROM DISABLE | 
SWITCH — 


. Floppy Disk Controller Module Block Diagram | 


and 77 tracks, respectively, however these values. are user- 
alterable. | | 


The contents of a Ме may be listed to another peripheral, 
including a file on another disk drive to allow copying of a file. 
All the active files оп а disk may be Cone t to another a using 
the backup function. n 


A file may be deleted (it active) to revel it from being accessed 


or recovered: а! сас) 5 allow it to be accessed. 


1/0 
(^. , CONNECTOR 


| FD1793 
EDCOPPY ^^ 
| DISK. · 
CONTROLLER 
те DEVICE. "o ; 


SEPARATOR 


ONPENSATION - 


50 PINS 


"PRECOMPENSATION (STANDARD © | 
JUMPER. с... FLOPPY) 
| SINGLE/DOUBLE || 
' SIDED DRIVE ay | 
JUMPER: | Де 
(MINI... 


FLOPPY) 


DRIVE 
STATUS 
BUFFER С 


DRIVE 
LL CONTROL 
REGISTER 


| CONTROLLER | 
clock ^ 
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RM65-5101E Floppy Disk Controller (FDC) Module 


| | _ВМ 65 Виз Ріп t Aasianmanis ue 
" Bottom (Solder Side) Top бошо Side) 


Signal | Signal 
Mnemonic Signal Name Mnemonie Signal Name 


Note: 
* Not used on this module. 


GND | Ground 


ВАОН)/ Buffered Bank Address 


GND Ground Р 
ВА13/ Buffered Address ВИ 13.. 
BA11/ Buffered Address Bit 11 
BA10/ Buffered Address Bit 10 
BA8/ Buffered Address Bit 8 
GND ^ Ground ^ ` 


"ВА5/ i Buffered Addiess Bit 5 


ВАЗ/ Buffered Address Bit 3 
BA2/ Buffered Address Bit 2 
ВА — Buffered Address Bit 0 
GND Ground 

BSO *Buffered Set Overflow 


. BRDY | Buffered Ready 


*User Spare 1 
+12V/+V +12 Мас 
GND: | Ground Line 


- BDMT/ . *Buffered ОМА Terminate: 


*User Spare 3 

Buffered Read/Write ' ‘Not’ 
*System Spare. T 
Ground =. 0 | 
Виһегесі Interrupt Request 


` Buffered Phase 2 “Not” Clock 


-*Buffered Phase 2: Clock 
Buffered Data Bit 7 
Ground 

Buffered Data Bit 4 
Buffered Data Bit 2 
Buffered Data Bit 1 
+5 Мас 
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+5 Мас 
Buffered Address Bit 15 
Buffered Address Bit 14 


` Buffered Address Bit 12 


Ground 
Buffered Address Bit 9” 
Buffered Address Bit 7 
Buffered Address Bit 6 
‘Buffered Address Bit 4 
Ground 
Buffered Address Bit 1 
*Buffered Phase 1 Clock 
*Buffered Sync | 
Buffered ОМА Request 1 
Ground 
*—12 Vdc/ -V 
*User Spare 2 
*Buffered Bus Float 
*Buffered External Phase 0 Clock 
Ground. 
Buffered DMA Request 2 
"Buffered Read/Write ` ` 
Buffered Bus Active | о 
*Buffered.Non- Maskable interrupt 
Ground . 
Buffered Reset. 
Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground 
Buffered Data Bit О 
a 


“Floppy Disk Controller (FDC) Module 


-VO Connector Pin. Assignments | 


РМ6Б5ОТЕ ___ 


' Mini-Floppy Disk Drive 
interface Cable Connector (2) - 


Standard Floppy Disk Drive 
Interface Cable Connector | 


FDC Module 
VO Connector | 
Pin іп | | ј _ Signal Name Signal Name 


Track > 43 (Ветех 8 MFE or PROS) 


N.C. 
N.C. 


Track > 43 (Caldisk or equivalents) 


ond ‘Side Select 
N.C. 
Head Load 
“Index 
Drive Ready 
N.C. 
Drive Select #1 
Drive Selegt #2 
Drive Ѕе #3 
Опме Бејес! #4 
Direction іп 
‘Step Pulse 
Write Data 
‘Write Gate 
^ Track Zero 
Write Protected. 
Read Data 
N.C. 
N.C. 


Notes: 
224. All odd numbered pins are GND. 


Drive Select #4 
іпдех | 
Drive Select #1 
Drive Select #2 
Drive Select #3. 
Motor. On 

Direction In 

Step Pulse 

Write Data 

Write Gate 

Track Zero | 
Write Protected: `` 
Read Data — 
2nd Side Select . 
МС. 


2. Pin 1 of the 34-pin mini-floppy disk drive interface cable connector should be keyed to pin 17 of the FDC module vO connector. 


6.8 IN. 
(172 MM) 


: LENGTH 


WIDTH 


MATING 
MOTHERBOARD 
AND RECEPTACLE 


EXTENSION 


EUROCARD CONNECTOR 


COMPONENT AREA 


Floppy Disk Controller Module Dimensions 
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RM65-5101E ._ ' 2 Floppy Disk Controller (ЕОС) Module 


SPECIFICATIONS 
| -Parameter | | . Маше 
Dimensions (1, 2, 3) БЕ 
Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 


Height 0.56 in. (14 mm) 


БЕН! | 8200480 


Environment i 
. Operating Temperature 0°С to 70°С 
Storage Temperature —40°С to +85°С 
Relative Humidity | 0% to 85% (Without condensation) 


Power Requirements | +5 Мас +5% @ 600 mA— Typical 
| 900 mA—Maximum 
+12 Мас =5% ( 60 mA—Typical 
100 mA—Maximum 


Interfaces | | ii : 
RM 65 Bus Interface 64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 


VO Connector Ж 50-pin mass terminated connector (0.100 jn. centers) 
| Mates with I&B/Ansley Part No. 209-900 0M or equivalent 


Notes: | i 

1. Height includes the maximum vies for component height above the board surface (0. 4 i in. for а modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. | 
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Rockwell 


RM 65 MICROCOMPUTER MODULES 


"The RM65-5102E САТ Controller Module is one of the hard- 
ware options available for the RM 65 Microcomputer Module 
family. | | 

RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
апа FORTH are available т ROM and can be incorporated into 
the user's system. 


RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 65/ 
40 Microcomputers for product development and for a broad 
variety of portable or desktop microcomputer applications. 


PRODUCT OVERVIEW 


The CRT Controller (CRTC) Module interfaces the RM 65 to a 
CRT monitor or television receiver. The CRTC module outputs 
HSYNC, VSYNC, and raw video signals for direct connection 
to a CRT Monitor, and composite video for connection to a CRT 
monitor or to a TV receiver through an RF modulator. A sock- 
eted on-board ROM generates 5 x 7 characters with two des- 
cenders in a 7 x 10 dot matrix field to provide upper and lower 


case alphanumerics and special symbols. The 2K bytes of on- 


board display RAM are memory-mapped. 


A 2K-byte program ROM provides firmware to configure the 
. display format for 80 columns by 25 rows ог 40 columns by 16 
rows, scan rate of 50 or 60 Hz, and a CRT display driver for 
AIM 65. There are also cursor control, screen editing, and utility 
тошіпев. — x № 


ORDERING INFORMATION 


| -RM65-5102E | CRT Controller (CRTC) Module 


‚ 814 CRT Controller (CRTC) Module User's 
Manual (included with RM65-5102E) 


RM65-5102E 
RM 65 Microcomputer Family 


RM65-5102E- 


RM 65 CRT CONTROLLER (CRTC) MODULE 


FEATURES 


Compact size—about 4" x 614" (100 mm x 160 mm) 
RM 65 bus compátible К | 
4K Byte character generator ROM with: 
— Upper and lower case alphabetics 
— Special characters 
—Numbers including subscripts and superscripts 
—Math symbols | 
— Semi-graphics 
On-board ROM firmware supports: 
— Scrolling 
— Screen editing 
—Full cursor movement control 
— Full screen standard or inverse video 
— Predefined formats for 
80 column by 25 row (50/60 Hz) 
72 column by 22 row (50/60 Hz) 
40 column by 25 row (60 Hz) 
40 column by 16 row (60 Hz) | A ^ 
— Selectable format from 1 to 80 columns by 1 to 25 rows 


—NTSC (60 Hz, 525 lines per frame) and European (50 Hz, 
625 lines per frame) raster format | 


— САТ display driver for АМ 65 
Single 5 volt operation 
Fully assembled, tested and warranted 


RM65-5102E CRT Controller (CRTC) Module 


Document No. RMA65N14 
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Data Sheet Order No. RM14 
Rev. 1, June 1983 


РМ65-5102Е | 


FUNCTIONAL DESCRIPTION 


· The Data Transceivers invert and transfer 8 bits of parallel data 
between the CRTC Module and the RM 65 bus, based on con- 
trol signals from the Base Address Decoder and the Control 
Buffers. The read/write control line determines the direction, 
while the bus active enables the Data Transceivers. 


The Address Buffers invert and transfer the 16-bit parallel 
address lines from the RM 65 bus to the Base Address Decoders, 
the R2316 ROM, the CRT Controller (CRTC) device, and to the 
Refresh RAM device. . . 


The Control Buffers invert and transfer the phase 2 clock and 
read/write control signals from the RM 65 bus onto the module. 


The Bank Select Control circuit detects when the module's 
assigned memory bank is addressed, by comparing the bank 
address signal from the RM 65 bus to the Bank Select and Bank 
Select Enable switches. The Bank Select Enable switch allows 
the board to reside in common memory (both Bank 0 and Bank 
1) or only in the Bank set by the Bank Select switch (either Bank 
0 or Bank 1). 


The Base Address Decoder, with the Base Address Select 


switches, the Bank Select Control circuit, the ROM Disable. - 


Switch and the read/write and phase 2 clock signals, generates 
device selects for the on-board ROM, RAM, and ИО (CRTC 
. device and Display Enable Status Buffer). The Base Address 
Select switches allow the module to be selected to any 4K block. 
Within the selected 4K block, the RAM is assigned to the lower 
8 pages (2K bytes), and the ИО to the first 256 byte page of the 
upper 2K bytes. When the ROM is disabled, only the RAM and 
ИО can be selected and the module is assigned 9 pages (2304 
bytes) in memory. When the ROM is enabled, the module is 
assigned the full 4K Pyles. with 7 pages for ROM, in addition 
to the RAM ana /О. 


The Controller Clock uses а crystal-controlled oscillator to derive 
a 6 MHz or 12 MHz reference for the shift register dot clock 
depending on the Dot Clock Select jumper position. With the 6 
MHz clock, up to 40 characters per line can be displayed on any 
monitor or standard television using an RF modulator. Up to 80 
characters per line can be achieved with the 12 MHz clock and 
a high bandwidth monitor. The dot clock is divided by seven to 
provide a Character Clock for the CRTC device and a load char- 
acter signal for the shift register.. | 


The Refresh RAM provides 2K bytes of display memory, for 
Screen densities of up to 25 lines with as many as 80 characters 
each. The RAMi is РОУ pappen into the RM 65 memory map, 
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CRT Controller (CRTC) Module 


so the display сап ра updated bx: а block memory: move ог 
under DMA control. The Refresh RAM Multiplexer апа НАМ 
Transceiver allow the RM 65 bus and the CRTC device to both 
access the Refresh RAM, with the НМ 65 bus having priority 
when any conflict occurs. | 


The Display Enable Status Buffer allows the RM 65 bus to mon- 
itor the active display times, so that display memory transfers 
can be made with no visible distortion. 


. The Character Generator ROM holds the fonts for the character 


set. These fonts are stored as 256 characters, each with 10 
seven-bit rows. The four CRTC device row address lines and 
the eight Character Latch bits, which hold the character being 
refreshed, create an address for the character generator ROM. 
The output data of the ROM, which is seven parallel bits, rep- 
resents the display pattern. The Shift Register takes this data 
and forms the serial video data. The Video Summer combines 
and buffers the serial video data with CRTC device timing sig- 
nals to form a composite video output and a separate video, 
horizontal sync, and vertical sync. | 


The Program ROM contains the firmware for an intelligent CRT 
driver, in addition to utilities to aid in custom CRT ‚ display 
application software. There are six predefined screen formats, 
including 25 lines of 80 characters (50 or 60 Hz), 22 lines of 72 
characters (50 ог 60 Hz), 25 lines of 40.characters (50 Hz), and 
16 lines of 40 characters (60 Hz). For other formats, any dimen- 
sions from 1 to 25 lines of from 1 to 80 characters can be 
defined (50 or 60 Hz). Full screen inverse video and 256 display 
characters allow flexible display capabilities. 


The intelligent display driver controls all screen updating and 
cursor movement for the selected screen format. The cursor can 
be on, off, or blinking with movements including up, down, left, 
right, home, and carriage return, as. well as to any row and 
column position. There are many commands to facilitate screen 
editing, such as: 


Insert character or line 

Delete character.or line 

Clear to end of line 

Clear to end of screen 

Clear line or screen 

Set or Clear special character mode 


The firmware utilities are useful for special applications. There 
is also a display driver which replaces the AIM 65 on-board dis- 
play with a CRT monitor and an AIM 65 Assembler listing refor- 
matter which takes advantage of the longer display lines. _ 
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САТ Controller (CRTC) Module 


RM 65 CRTC Control Commands · 


Character 


РВА | 


ж 


Clear Line | 
Clear to End of Line 
Clear Screen ; 
Clear to End of Screen 
Clear Screen 

. Glear to End of Screen 

· Backspace (==) 
Horizontal Tab (=) 
Line Feed (v ) 
Vertical Tab (|) 
Form Feed (Clear р 
Carriage Return (Home оп Line) 
Home on Screen 
Home on Screen 


*These characters have no effect. 


(1) There are two escape sequences as follows: 


Hex | | 
Code срива 


Description 


Pass Through Next Character 


* 


Toggle Insert Character Mode 
Delete One Character 
Insert One Line ` 
. Delete. One Line 
— Display Cursor. 
Blank Cursor 
. Век АМ 65 Display 


Escape Character (ESC) (1) 
Blinking Cursor 
Enter Normal Characters 
' Perform Self Test 
Reverse Video 


Hex Code Character Sequence Function 
1B 3D YY XX ESC = Move the cursor to the row y and column x position, with row y between top ($00) and bottom 
61 9), and column x between leftmost ($00) and rightmost ($4F). 
1B 47 ESC G Enter Graphics Character Mode 
RM 65 BUS | 
| REFRESH 
DATA В ОАТА РАМ 
Ш клин Ж = | | transceivers 
ВАМ 
| BUS ACTIVE Ho MULTIPLEXER Ed 
EZ Ed 
EX 
ADDRESS EX | 
р REFRESH 
RAM 
TIMING . 
CONTROL 
CONTROL Eam 
Г. CHARACTER 
GENERATOR RAW VIDEO 
- ROM 3 
к Н БҮМС 
ADDRESS SELECT ENABLE SWITCH] Ше nasas. å V SYNC 
CONTROL SELECT SHIFT REGISTER 
| CONTROLLER -VIDEO 
SWITCHES DEVICE | 4 Әмре” CONNECTORS 
‚ 3 
DISPLAY d COMPOSITE 
ENABLE VIDEO 
- STATUS 


BUFFER 


DOT CLOCK CONTROLLER 
SELECT CLOCK 
JUMPER 


CRT Controller Module Block Diagram 
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RM65-5100E _______ г 7775 CRT Controller (CRTC) Module 


. RM 65 Bus Pin Assignments . 
Bottom (Solder Side) | M Au HE p Top (Component Side) | 


“Signal ` | К-ға Signal ы а ы а 
Mnemonic | | Косе Мате 0 Mnemonic | ыы 


GND | Ground 7. ML | | | =. +5 Мас | 
BADR/ Buffered Bank Address | | Бъз ` Buffered Address Bit 15 
“ӨМр ©. | -Ground а | ep | gene Buffered Address Bit 14 
BA13/. | Buffered Address Bit 13 | P _„ВА12/ | '. » Buffered Address ВИ 12 
ВА11/ : | Buffered Address Bit11 —  . | | .| Ground . 
BA10/ Buffered Address Bit 10 КЕ · BAQ/. : | Buffered Address ВИ 9 
ВАЗ/ ^. | Buffered Address Bit.8. u Jd 4 | | Buffered Address Bit 7 
GND -` |. Ground : ШЕР sg " | Buffered Address Bit 6 _ 
BA5/ ^. | Buffered Address Bit 5 „|| | ВА4/ - 'Вићегед Address Bit 4 
ВАЗ/ . Buffered Address Bit 3 | |. р. Ground > = 
ВА2/ - ‘| Buffered Address Bit 2 E | | АМ > | `` Buffered Address Bit 1 
ВА '. "| Buffered Address Bit 0 22 | В ^ | "Buffered Phase 1 Clock 
GND - "Ground . · à j^ 247 *BufferedSync 
"BSO _ "Buffered Set Overflow E | . . | *Buffered DMA eques 1 
BRDY: | *Buffered Ready | | | "| ^ Ground | 
| *User Spare 1 У E | *—12 Vdc/ - 
+12V/+V ‚ *+12 Vde/+V | | *User но 
GND . Ground Line . | | | _ “Buffered Bus Float 
ВОМТ/ "Виќегеа DMA Terminate : Bg ` *Buffered External Phase 0 a 
| "User Spare 3. | ,,.Qround. 2 ^ 
*Buffered Read/Write “Not” с | : | *Buffered DMA Request 2 
"System Spare CANNE Б. : | ВАМ | Buffered Read/Write . 
"Ground | — Е | 23% | BAC Buffered Bus Active | 
*Buffered Interrupt Request: | 7 ВМА ..^Buffered Non-Maskable петър 
Buffered Phase 2 “Мо” Clock || -2 | < . Ground | 
Buffered Phase 2 Clock „|| 2 | В! | Buffered Reset 
Buffered DataBit7 ПП. bad | 57 · Buffered Data Bit 6 
Ground | I Buffered Data Bit 5 
Buffered Data Bit 4 | Buffered Data Bit 3 
Buffered Data Bit 2 | | Ground 
Buffered Data Bit 1 3 Buffered Data Bit 0 
+5 Мас | | | МО : | Ground 


Note: 
* Not used on this module. 


MATING. 
MOTHERBOARD 
АМО RECEPTACLE 


__ 6.8 ІМ. 
(172 ММ) 


ое як 


| EUROCARD СОММЕСТОВ 
COMPONENT AREA | 


к EUROCONNECTOR 
"EXTENSION 


Module Dimensions 
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RM65-53100E — CRT Controller (CRTC) Module 
SPECIFICATIONS 


Parameter 


Dimensions (1, 2, 3) 
Width 
Length 
Height 


Environment 
Operating Temperature 
Storage Temperature 
Relative Humidity 


Power Requirements 


Interface 
RM 65 Bus Interface 


/О Connector 
. Composite Video 


Нам Video and Sync 


Value 


3.9 in. (100 mm) 
6.3 in. (160 mm) 
0.56 in. (14 mm) 


0°С to 70°С 

—40°С ю +85°С | 

0% to 85% (without condensation). 

+5 Мас +5%, 0.94 A (4.7 W)—T Typical 
1.30 A (6.8 W)—Maximum 


64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 


Mini-coax connector (50 ohm SMC type) | 
Mates to Sealectro Part No. 050-024-0000-220 or equivalent 


6-pin connector Ns" P 
Mates to AMP No. 87159-6 or equivalent 


Notes: 
1. Height includes the maximum values for component height above the board surface (0.4 in. for populated ЖЕТЕР printed.circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). | | | 
2. Length does not include the added extension due to the module ejector. 
3. Dimensions conform to ОМ 41612. - | 
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Rockwell 


RM65-5104E 3 
RM 65 Microcomputer Family 


RM65-5104E | 
RM 65 DIRECT MEMORY ACCESS 
CONTROLLER MODULE 


RM 65 MICROCOMPUTER MODULES. 


The RM65-5104E Direct Memory Access Controller (DMAC) 
Module is one of the hardware options available for the RM 65 
Microcomputer Module family. 


RM 65 Microcomputer Modules products are designed for OEM 
and end user microcomputer applications when state-of-the- art 
performance, compact size, modular design, and low cost are 
required. Software for RM 65 systems can be developed in 
R6500 Assembly Language, PL/65, BASIC, and Forth. Both 
BASIC and Forth are available in ROM and can be incorporated 
into the user's system. 


RM 65. modules use a motherboard interconnect concept in 
which any сага сап be inserted into any slot. The 64-line RM 
65 Bus permits memory addressing up to 128K bytes, provides 
high immunity to electrical noise, and contains growth provi- 
sions for user functions. A selection of card cages allows pack- 
. aging flexibility. RM 65 products may also be used with Rockwell 
_ АМ 65 and АМ 65/40 Microcomputers for product development 
and for a broad ee of portable or desk-top mero 
applications. | 


PRODUCT OVERVIEW 


The RM65-5104E DMAC Module performs high speed data 
transfers between memory and/or VO devices connected to the 
RM 65 Bus, The data transfer rate when controlled by the DMAC 
Module hardware is typically four times faster than the data 
transfer rate achieved by CPU software. Thus by using the 
DMAC Module, substantial time is saved when transferring large 
blocks of data. | 


After а ОМА transfer is initiated by the CPU module, the DMAC 


. Module takes control of the RM 65 Bus and independently com- _ 


pletes the data transfers. Operation of the DMAC Module can 

„Бе controlled by an AIM 65, an AIM 65/40 SBC Module, or any 
other CPU module connected to the RM 65 Bus. During the 
DMA data transfers, the RM 65 SBC, AIM 65, or AIM 65/40 can 
.. continue operations on its internal buses. 


The DMAC Module is especially effective in the rapid transfer 
of data between either 574-іпсһ or 8-inch floppy disks controlled 
by either the FDC Module (RM65-5101E) or the RM 65 IEEE- 
488 Module (RM65-7102E) and other memory or /О modules 

connected to the RM 65 Bus. 


FEATURES 
Rockwell RM 65 Bus compatible 


e Compact Size—100 r mm x 160 mm ЕЛГЕ. 4 їп. х 
6.25 іп.) 


Executes memory-to- memory, Де -to-/O, memory-to- -/О, and 
l/O-to-memory transfers 


e DMA data transfers can be either within the same bank or 
beween banks 


Memory address counters can either be incremented or 
decremented 


Interleaved, cycle steal, and burst modes: 
Processor-hold and processor-run operations 
Two DMA request channels 


DMA interrupt selectable either to the Non-Maskable | enini 
or the Interrupt Request (BIRQ) line 


e 500K bytes per second maximum transfer rate 

e DMA termination signal to abort any DMA transfer Operation 
in progress 

e Supports RM 65 FDC 8-inch double-density operation 

• Programmable Byte Counter for up to 65K-byte | transfers 

e Bank switches to assign ИО. addresses to either one or two 
65K memory banks _ 

e /О Base Address switch selectable to a page boundary 

e Operates from а single +5V power source 

e Fully assembled and tested with a One year warranty 


ORDERING INFORMATION 


НЕ | Direct Memory Access METTE Module 


RM65-5104E Direct Memory Access 
Controller (DMAC) Module 


‘Document No. RMA65N26 


Data Sheet Order No. RM26 
Rev. 1, June 1983 


RM65-5104E 


FUNCTIONAL DESCRIPTION 


Addresses on the RM 65 Bus are compared with the address — | 


set by the module Base Address switches. If the Bank Select 
Enable switch is set, the bank-address signal (BADR/) is com- 
pared with the signal from the Bank Select switch. When the 
BADR/ and address signal states on the bus match the signal 
states generated by the Base Address and Bank Select switches, 
the Microcode Generator, Chip Select, and Data Burar circuits 
are enabled. 


. When the module circuits are enabled, the four least significant 
_ address signals and the read/write signal (R/W-) generate chip- 
select and microcode signals. The chip-select signals enable 
devices within the DMAC Module either to accept or to output 
data. The microcode signals control which registers are active 
in the DMA Source Address; Destination Address, and Byte 
coun Generators. 


After the E а are enabled and selected, data can be 
transferred Бемееп the module and the RM 65 Bus. Before the 
start of a DMA operation, these generators must be initialized. 
The Source Address Generator and the Destination Address 
Generator, respectively, must be loaded to specify the starting 
address of the source and the destination address during DMA 


data transfers. Control registers must be loaded to specify ifthe 
address is to be incremented or decremented after each byte. 
The Byte Count Generator must be loaded to specify the number. 
of bytes of data to be transferred. A control byte іп the Byte 


Count Generator indicates whether the contents of the register 
are to be incremented ог decremented. Typically, the Byte 
Count Generator is set up to count down because the DMA 
transfer stops when the byte count becomes zero. 


Contents of the Command Register specify the баан the 
DMAC Module is to use and start the DMA cycle. After the Com- 


mand Register has been loaded, the DMAC Module waits Тог 


two signals before beginning a DMA cycle. If the DMAC Module 


is to transfer data to or from an /О device, а ОМА request sighal 


must be received from the I/O device. For /О-іо-/О transfers, 
a DMA request must be received from each /О device. For 
memory-to-memory transfers, the DMA request is generated by 
the DMAC Module. The second signal required for DMA trans- 
fers is the sync signal. When the sync signal goes high, the 
DMAC Module forces the ready signal low (if the processor-stop 
mode is enabled), floats (effectively disconnects) the RM 65 Bus 
. . from the Шаба =a апа switches. module operation fo the 
` Read state. : "E | | | 


Direct Memory Access Controller (DMAC) Module 


During DMA cycles, the DMAC Module is controlled by the State 
Control Circuitry. When the DMAC Module is idle, module 
operation starts or concludes in the Initialize And Conclude 


| state. п the Read state, the source address from the Source 


Address Generator is placed on the RM 65 address lines. Data 


. on the RM 65 data lines is then transferred from the source 


device and saved іп a temporary storage register. During the 
Write state, the destination address from the Destination Address 
Generator is placed оп the RM 65 address lines. Data in the 
Temporary Data Register is then placed on the RM 65 data lines 
and transferred to the destination device. | 


After the Write state, the byte count and mode of operation 


affect the state which the DMAC Module next enters. If the byte 


count is zero, DMAC Module operation switches to the Initialize 


And Conclude state and control of both the RM 65 Bus and the 


system returns to the processor. If the byte count is not zero, 
then the mode. of operation affects the next DMA state. When 
the byte count is not zero and the data transfer is between two 
memory devices, operation of the DMAC Module switches to 
the Read state. 


When the daa transfer involves /О devices, DMAC Module 
operation switches to a Read state if the DMA request signal . 
(or signals during. /О-0-/О transfers) is present. If the ОМА 
request signal is not present and the module is in the burst 
mode, the mode of operation switches toa Hold state and 
remains in the state until the DMA request signal is present. 
Module operation then switches to a Read state. If the DMAC 


. Module is operating in an interleaved mode, the operation is 


switched to the Initialize And Conclude state and control returns 
to the processor. The module takes control again as soon as 
sync and DMA request signals are present. 


At the end of a DMA cycle, after the byte Count has been 
redüced to zero and DMAC Module control has switched to the 
Initialize And Conclude state, system control returns to the 
microprocessor. The ready signal is disabled. The DMAC Module 
Command Register is cleared and the transfer-complete flag is 
written into the Status Register. If the interrupt mask bit is not 
set, either an interrupt request or a nonmaskable Өр! signal 
is Бете 


DMAC Module operating modes are controlled. by bits in the | 
DMAC Module Command Register. Modes available are Mel 
Interrupt Mask, Burst, and: interleaved. 
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RM65-5104E — . . Direct Memory Access Controller (DMAC) Module | 


RM 65 BUS | 
CONNECTOR a p | | 
Е | | i | TEMPORARY 


DATA % 
| TRANSCEIVERS | i ts ЕСЕГЕ 


РНАЅЕ 2 
(TIMING) 


‚ PHASE 1 or ч d DN | 

Fago DESTINATION ӨНЕТІН претече 

ADDRESS Ен ADDRESS REGISTER 
GENERATOR ДЕ 


ADDRESS 


BASE ADDRESS | \ ADDRESS ма PES 
ITCHE Pl COMPARATOR UNT . TA 
SWITCHES | ЗЫ GENERATOR ВЕСІ5ТЕН 


BANK ENABLE 
SWITCH 
BANK SELECT 


SWITCH | E S 
=" Г Tw MICROCODE 
| СЕМЕВАТОВ 
ОМА | » | йү 
REQUEST, срещна, CONTROL. | | Дева 
ОМА : ге, | а е ет CIRCUITRY 


TERMINATE 


BANK ADDRESS 
SELECT 


CONTROL 


INTERRUPT 
SOURCE 


INTERRUPT 
JUMPER . 


RM65-5104E DMAC Module Block Diagram 
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RM65-5104E | 


Signal 
Mnemonic Signal Name Pin 


GND 
BADR/ 
GND 
BA13/ 
BA11/ 
BA10/ 
BA8/ 
GND 
ВА5/ 
BA3/ 
BA2/ 
ВАО/ 
GND 
BSO 
BRDY 


+12V/+V 


: GND 
BDMT/ 


BRW; _ 


GND 
BIRQ/ 
Bó2/ 
B2 
BD7/ 
GND 
BD4/ 
BD2/ 
BD1/ 
+5V 


Note: 


RM 65 Bus Pin Assignments 


Bottom (Solder Side) 


Ground 
Buffered Bank Address 
. Ground | 
Buffered Address Bit 13 
Buffered Address Bit 11 
Buffered Address Bit 10 
Buffered Address Bit 8 
Ground mE 
Buffered Address Bit 5 
Buffered Address Bit 3 
Buffered. Address Bit 2 
Buffered Address Bit 0 
Ground 
“Buffered Set Overflow 
Buffered Ready 
“User Spare 1 
*+12 Vde/+V 
Ground .. 


| ВиНегед ОМА Terminate | 


*User Spare 3. 

Buffered Read/Write: “Not” 
' System Spare 

Ground 

Buffered Interrupt Request 


Buffered Phase 2 "Not" Clock 


Buffered Phase 2 Clock 
Buffered Data Bit 7 
Ground 

Buffered Data Bit 4 
Buffered Data Bit 2 . 
Buffered Data Bit 1 

+5 Мас 


“Мог used on this module. 
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Signal 
Mnemonic 


Top (Component Side) 


Signal Name 


+5 Мас 

Buffered Address Bit 15 
Buffered Address Bit 14 
Buffered Address Bit 12 
Ground. 

Buffered Address Bit 9 
Buffered Address Bit 7 
Buffered Address Bit 6 


. Buffered Address Ви 4 


Ground 
Buffered Address Bit 1 
ВиНегед Phase 1 Clock 
Buffered Sync 
Buffered DMA Request 1 
Ground . 
* —12 Vdc/-V 
“User Spare 2 
Buffered Bus Float 


| *Buffered External Phase 0 Clock 


Ground 

Buffered DMA Request 2 _ 
Buffered Read/Write 

Buffered Bus Active 

Buffered Non- Maskable Interrupt 


· Ground 
- Buffered Reset 


Buffered Data Bit 6. 
Buffered Data Bit 5 


. Buffered Data Bit 3 


Ground 
Buffered Data Bit 0 
Ground 


Direct Memory Access Controller (DMAC) Module 


мо 


RM65-5104E _ = Direct Memory Access Controller (DMAC) Module 
SPECIFICATIONS | + жаға аа "ERI. 


Dimensions. (1, 2 3 i TR 
Width и | | | 100 тт (3.9 in.) 


Length E NM ` |. 164mm (6.4 in.) 
Height B | ~ 14 тт (0. 56 in.) 


' Weight Жы | | 137 9 (4.8 02.) 


Environment | pe СОО А 
Operating Temperature ` .  O0*C to 70°С 
Storage Temperature: —40°С to +85°C Ў 
Relative Humidity | 0% to 85%, without Garidenselion: 


Power duos ша +5 Мас + 596, at 1.2A (6.0W)— Typical - 
| | + | ‚ 1.9А (9. 5W)— Maximum | 


НМ 65 Виз Interface | Е ет. | 64-pin plug (0. 1003 іп. centers) par DIN.41612 218 and b with с рең installed) 


Notés: | hs СИГ : а | 

1. Height includes the maximum values for component height above the board surface 0- 4 in), printed circuit board thickness (e 062 in.), and. | 
pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors or ris module ejector. 

3. Connector conforms to DIN 41612. 


172 MM | ‚ MATING | | 
(6.8 ІМ.) ` | MOTHERBOARD 


_| АМО RECEPTACLE 
LENGTH EN | 


'EUROCARD CONNECTOR 
COMPONENT AREA 


== ж mA GE тоест 


HEIGHT 


EUROCONNECTOR 
EXTENSION 


RM65-5104E DMAC Module Dimensions 
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ВМ65-5222Е 
АМ 65 Microcomputer Family 


 АМ65-5222Е 


ВМ 65 GENERAL PURPOSE INPUT/OUTPUT 
Rockwell | | (СРЮ) & ТІМЕН MODULE 


RM 65 MICROCOMPUTER MODULES | ORDERING INFORMATION 


The RM65-5222E GPIO & Timer Module is one of the hardware р Т 
options available for the RM 65 Microcomputer Module family.) ne Но. Description = 

d А да MEAM | | | | rus General Purpose Input/Output (GPIO) an 
АМ 65 Microcomputer Module products are designed for ОЕМ . Каса Timer Module 

and.end user microcomputer applications requiring state-of-the- бевапрнен. = 
art performance, compact size, modular design and low cost. .. | АА УН 41 
Software for RM 65 systems can be developed in А6500 | . General Purpose Input/Output (GPIO) and. 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC. . | ‚|, Timer Module User's Manual (included with 
and FORTH are available in ROM and can be кора into | RM65- В | Қ 
the user's system. pois. nni Ў ) 5 E Eo oc E 

RM 65 modules use а. аа interconnect NS and . 

accept any card in any slot. Тһе 64-line RM 65 Bus offers FEATURES 

memory addressing up to 128K bytes, high immunity to elec- e Compact size—about 4" x би" (100 mm x 160 mm) 
trical noise and’ includes growth provisions for user functions. |“ ө Pin айа socket bus connector 


A selection of card cages provides packaging flexibility. RM 65 ` 
products may also be used with Rockwell AIM 65 and АЈМ 
‚ 65/40 Microcomputers for product development and for a broad | 
variety of portable or desk-top microcomputer applications. MC 


PRODUCT OVERVIEW 


The RM65-5222E General Purpose Input/Output (GPIO) & Timer Four programmable 16-bit counter/timers 

Module provides a parallel /О interface to the RM 65 Bus. Two Two 8-bit shift registers for synchronous serial communi- 
R6522 Versatile Interface Adapter (VIA) devices provide four 8- cations 

bit bidirectional data ports and four 2-bit control ports; 40 /О 
lines in all. Two multi-mode 16-bit timer/counters extend the _ 
versatility of the module. All ИО lines are TTL buffered. — 


RM 65 Bus compatible 

Fully buffered address, data and control bus interface lines 
Fully t buffered data and control VO lines 

"Four 8-bit parallel bidirectional data ports 

Four 2-bit control ports. 


е ев e еее Ө 


Manually or software-controlled data line direction 
e Jumper-selectable control line direction 


| | | | e Bank select switches assign I/O addresses to опе or two 65K 
The GPIO & Timer Module І/О can be assigned either to one banks 


of two 65K byte memory banks or common to both banks. Eight 
switches allow /О addresses to be set to any page (256 bytes). 
Eight switches (two per VO port) manually set the I/O trans- . 
ceiver data direction or allow software control using the asso- 
ciated port control lines. Twelve jumpers specify the direction 
of the control lines. 


ЏО base address switch selectable to a page boundary 
Four /O connectors 

+5V operation 

Fully assembled, tested and warranted 


RM65-5222E General Purpose Input/Output (GPIO) & Timer Module 
аз ПИШЕ ре по орат оса АР CF MCA ДЕ НИНЕ А NCC ЕМ ЧЕЗАРЕ UU GNU па о ли ко NIV ~. а ЗЕЕ 
Document No. RMA65N12 9-54 | Data Sheet Order No. RM12 
Rev. 2, June 1983 


RM65-5222E | 


СРЮ & Timer Module 


FUNCTIONAL DESCRIPTION 


The heart of the GPIO & Timer module is two R6522 Versatile 
Interface Adapter (VIA) devices. Each VIA provides two 8-bit 
bidirectional input/output ports, four УО control lines, two fully 
programmable 16-bit timer/counters and an 8-bit shift register 
for serial interface. There is also control of interrupt generation 
from independent I/O conditions. 


The two 8-bit input/output peripheral ports are шу bidirectional. 
Date direction registers allow each peripheral pin to indepen- 
. dently act as either an input or an output. The four control lines 
can also be used for VO or can provide handshaking for the 
associated data ports. Each control input can be programmed 
to interrupt the microprocessor on detection ofa да: ог Та па 
едде. | 


The two 16-bit E ТТ аге Ы Gap of many complex 


timing and counting functions. One timer provides four modes- 


of operation: free running, with pulsed or toggled output, one- 
shot interval timer with a low-level output on a peripheral port 
line, or one-shot interval timer with a toggle output on a periph- 


eral port line. The three modes of the second 16-bit timer pro-. 


. мае a one-shot interval timer, a count of external pulses, or a 
clock for serial shift register. The shift register can shift in, or 
shift out, data at the system clock rate, the timer clock rate, or 
an external clock rate. Both timers and the shift register can be 


programmed to interrupt the microprocessor upon time-out or | 


shift completion. 
The Data Transceivers invert and buffer 8-bits.of parallel data 


between the RM 65 Bus and the two R6522 VIA devices. The- 


Data Transceivers are enabled when a valid address is present 
at the Base Address Decoders. During a read operation, data 
is transferred from the addressed R6522 to the RM 65 Bus. 


During a write operation, data is transferred from the RM 65 


Bus to the addressed R6522. 


The Address Buffers invert the five least significant address bits 
used to select the R6522 devices and registers. 


The Bank Control circuit detects when the GPIO & Timer | 


Module's assigned. memory bank is addressed by comparing 
the bank address signal from the RM 65 Bus to the Bank Select 
Enable and Bank Select switches. The Bank Select Enable · 
switch allows the module to be assigned common to either both 


г banks, or to Bank 0 (lower 65K) or Bank 1 (upper 65K) depending : 


on the Bank Select switch. 
The Control Buffers drive read/write, phase 2 clock, and reset 


signals from the RM 65 Bus to the GPIO 4 Timer Module. Тһе 


interrupt request and bus active signals are driven from the 
GPIO & Timer Module. 


The Base Address Decoders use the eight most significant p 
address lines to assign the 32 VO addresses to a page (256. 
bytes) boundary: When an address is within range of the Вазе - 
Address switches and the Bank Control is enabled, a chip select 
is generated to one of the R6522 devices. 


. Twelve Contro! Direction Jumpers allow the three bidirectional 


contro! lines (CA1, CB1, and CB2) on each R6522 to be con- 


. figured for either input or output mode. ' 


Four /О Direction Switches provide direction control to each of 
the Port I/O transceivers. Four Programmed/Manual Select 
switches allow the direction control to be established from the 
Direction Control switches.in the Manual mode or from a paces 
control line in the Programmed mode. 


The /О Transceivers buffer each of four 8- bit VO ports. The 
direction is determined by the Direction Control logic. There are 
also eight buffers provided for the control lines (2 per /О port), · 
six of which can be configured for input or output as determined ` 
by the Handshake Direction Buffers. 


All /О data and control signals are brought out to four connec- 
tors that will each accept a 20-pin mass terminated ribbon cable | 
(cable and mass terminated connectors are not supplied with 
the GPIO & Timer Module). Each connector is dedicated to one 
port with.8 data, 2 control and 10 ground lines. 


RM 65 
BUS CONNECTOR 


8 
8 ОАТА | 
— TRANSCEIVERS 
Lass |. 


BAS 
ADDRESS 
‚ DECODERS 


BANK SELECT 
SWITCH 


DATA 


BUS 
ACTIVE 


` ADDRESS 


BASE 
ADDRESS 
SWITCHES 


BANK 
· SELECT 


ADDRESS CONTROL 
BANK ENABLE 
SWITCH 
CONTROL BUFFERS 
. TIMING 


PORT 1A 
а РАТА 

VIA PORT 1 | | 

1/0 CONTROL 

TRANSCEIVER 


1/0 
DIRECTION 
SWITCHES 


PORT 1B 
8 
DATA 
CONTROL 
PORT 2A 
B DATA | 
| CONTROL 


PORT 2B 
DATA 


1/0 
CONTROL 
BUFFERS 


1/0 
DIRECTION 
CONTROL 
LOGIC 


CONTROL 
DIRECTION 
JUMPERS 


PROGRAMMED 
/MANUAL 
SWITCHES 


PORT 2 
TRANSCEIVER 


8 


CONTROL 


GPIO & Timer Module Block Diagram 
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ВМ65-5222Е 


СРЮ & Timer Module 


RM 65 Bus Pin Assignments 


Bottom sain Side) | 


“Signal 
Mnemonic 


pet Signal Мате 


Ground 
Buffered Bank Address 
Ground | 


. Buffered Address Bit 13 


Buffered Address Bit 11 
Buffered Address Bit 10 . 
Buffered Address Bit 8 
Ground 


*Buffered Address Bit 5 


Buffered Address Bit 3. 
Buffered Address Bit 2 . 


à : Buffered Address Bit O 


Ground 


`*ВиНегед Set Overflow | 
“Buffered Ready 


+12V/+V - | 
с. GND 
ВОМТ/ 


"*User Spare 1' ` 
*+12. Vdc/ - V 


Ground Line 


^| *Buffered DMA Terminate | 
' *User Spare. 3. " 


С Вићегед Read/Write "Not" 
. "System Spare. 
. Ground’. 


Buffered Interrupt Request 


‚ *Buffered Phase. 2 “Not” Clock 
‚ Buffered Phase 2 Clock 


Buffered Data Bit 7 


. Ground 


_ Note: | 
* Not used on this module. 


Pin 


Notes: 
1. Similar for ports 1B, 2A and 2B. 
2. Even Pins 2-20 are ground 


Buffered Data Bit 4 
Buffered Data Bit 2 
Buffered Data Bit 1 
+5 Мас 


ИО Connector Pin Assignments 
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Top (Component Side) ! 


Signal - 
Mnemonic 


Port 1A Data 0 
Port 1A Data 1 
Port 1A Data 2 
Port 1A Data 3 
Port 1A Data 4 
Port 1A Data 5 
Port 1A Data 6 
Port 1A Data 7 


Signal | 


Signal Name 

+5 Vdc. 

Buffered Address Bit 15 
Buffered Address Bit 14 _ 
Buffered Address Bit 12 
Ground 

Buffered Address. Bit 9. 
*Buffered Address Bit 7 
*Buffered Address Bit 6 
Buffered Address Bit 4 
Ground 

Buffered Address Bit 1 
*Büffered Phase 1 Clock 
*Buffered Sync . 
*Buffered DMA Request 1 
Ground 

Tee Мас/ —\ 
*User Зраге 2 ` 
*Buffered Bus Float 
“Buffered | External паге 0 Сіоск 


'< Ground : 


“Buffered DMA Request 2 


‚ *Buffered Read/Write | 


Buffered Bus Active 


| *Buffered Non-Maskable Interrupt 


Ground 

Buffered Reset | 
Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground : 

Buffered Data Bit 0 
Ground 


Port 1A.Control CA1 
Port 1A Control CA2 


RM65-5222E | СРЮ & Тїтег Модше 
SPECIFICATIONS 


Parameter | | Value 


Dimensions (1, 2, 3) | | 
Width 3.9 in. (100 mm) 
Length | - 6.3 in. (160 mm) 
Height 0.56 in. (14 mm) 


О ОИ ОЕ ТҮ БЕН 


Environment 
Operating Temperature 
Storage Temperature 

Relative Humidity 


0°С to 70°С 
—40°С to +85°С 
0% to 85% (without condensation) 


+5 Мас +5% 0.52 A (2.6 W)-—Maximum 
+5 Мас =5% 0.94 A (4.70 W)—Maximum 


Power Requirements 


Interface "m 
_АМ 65 Bus Interface 


64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 


/О Interface 


/О Connectors (4) 20-pin vertical mass termination plug (0.3 in. pins on 0.100 in. centers) 


Notes: ` 

1. Height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 

3. Dimensions conform to DIN 41612.. 


| ..,6.8 IN. | MATING | 
(172 ММ) MOTHERBOARD 
| | AND RECEPTACLE 
: та 


HEIGHT [зле S ыы 


| EUROCARD CONNECTOR 
: COMPONENT AREA 


EUROCONNECTOR 
EXTENSION 


RM65-5222E Module Dimensions 
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RM65-5223E 
RM 65 Microcomputer Family yo 


RM65-5223E 


RM 65 MULTI-FUNCTION -. 
PERIPHERAL INTERFACE MODULE 


RM 65 MICROCOMPUTER MODULES 


The RM65-5223E Multi-Function Interface (MPI) Module is опе 
of the hardware options available for the RM 65 Microcomputer 
Module family. 


_ АМ 65 Microcomputer Modules N are designed for OEM 

and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
‘Software for RM 65 systems can be developed іп R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 


and FORTH are available in ROM апа сап be incorporated into — 


the user's system. 


RM 65 modules use a motherboard interconnect 'concept and | 


accept any card in any slot. The 64-line RM 65 Bus offers 
‘memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 


A selection of card cages provides packaging flexibility. ВМ 65. 


products: may also be used with. Rockwell АМ-65 and AIM 
| 65/40 Microcomputers for product development and for а broad 
‘variety of portable or desk-top microcomputer applications. 


PRODUCT OVERVIEW 


The RM65-5223E RM 65 Multi-function Interface (МР!) Module 
provides a parallel I/O interface to the RM 65 Bus. Two R6522 
Versatile Interface Adapter (VIA) devices provide four 8-bit 
bidirectional data ports and four 2-bit control ports; 40 I/O lines 
in all. Two multi-mode 16-bit timer/counters extend the versa- 
tility of the module. All I/O lines аге TTL buffered and available 
. on two 40 pin І/О connectors compatible with the AIM 65/40 
SBC and ВМ 65 SBC Parallel Application connectors. Data 
buffer direction is under direct software control. Twelve jumpers 
specify the direction of the control lines, while an additional 6 
jumpers control the optional features. 

The МР! Module I/O can be assigned either to one of two 65K 
byte memory banks or common to both banks. Eight switches 
allow /О addresses to be set to any page (256 bytes). 


RM65-5223E Multi-function Peripheral 
Interface (МР!) Module 


FEATURES 


Compact size—about 4" x бу" (100 mm x: 160 mm) 

‘Pin and socket bus connection 

RM 65 Bus compatible 

. Two R6522 Versatile. interface m @ devices 

Four fully buffered 8-bit parallel data ports а 

Four fully buffered 2-bit control роз —— 

Four programmable 16-bit counter/timers 

Two serial input/output ports | 

Multiple interrupt conditions 

Full buffering on а О data and control lines. 
Software-controlled data line direction a 
Jumper-selectable control line direction је и 

Data port buffering can be removed | | 
All V/O lines are available on two 40-pin ИО connectors _ | 
ГО connectors are compatible with both the АМ 65/40 and 


RM. 65 SBC module parallel /О. connectors and AIM 65/40. 
intelligent peripherals 


One connector is fully compatible with the AIM 65/40 stan- 
dard or extended keyboard | 


Bank switches assign /О addresses to one or two 65K banks 
/О base address switch selectable to a page boundary 
+БМ operation | 

Fully assembled, tested and warranted. 


ORDERING INFORMATION _ 


RM65- 522ЗЕ 


Description 


Multi-function: Peripheral Interface (МР) | 
Module 


TE Multi-function Peripheral Interface Module 


(МР!) Module User's Manual Шы with 
RM65- = | 


Document No. RMA65N24 


9-58 


Data Sheet Order No. RM24 
Rev. 1, June 1983 


RM65-5223E | 


FUNCTIONAL DESCRIPTION 
The heart of the МР! module is two R6522 Versatile Interface 
Adapter (VIA) devices. Each VIA provides two 8-bit bidirectional 
input/output ports, four I/O control lines, two fully programmable 
16-bit timer/counters and an 8-bit shift register for serial inter- 
face. There is also control of поне кы from іпдереп- 
dent I/O conditions. 


The two 8-bit input/output peripheral ports are fully bidirectional. 
Data direction registers allow each peripheral pin to indepen- 
dently ас! as either an input or an output. The four control lines 
can also be used for I/O or can provide handshaking for the 


associated data ports. Each control input can be programmed . 


to interrupt the microprocessor on detection of a rising or falling 
edge. 


The two 16-bit Зи На are capable of many complex 
timing and counting functions. One timer provides four modes 
of operation: free running, with pulsed or toggled output, one- 
shot interval timer with a low-level output. on a peripheral port 
line, or one-shot interval timer with a toggle output on a periph- 
eral port line. The three. modes of the second 16-bit timer pro- 
. vide a one-shot interval timer, a count of external pulses, or a 
clock for serial shift register. The shift register can shift in, or 
shift out data at the system clock rate, the timer clock rate, or 
an external clock rate. Both timers and the shift register can be 
programmed to interrupt the microprocessor upon time-out or 
eni completion, | 


Four Port Transceivers buffer the VIA data lines for input or 

output modes. The I/O Data Direction Control logic allows the 
direction of each 8-bit port to be independently set for input or 
output mode under software controls. In the buffered output 
mode, the Port Transceivers are capable of sinking 16 mA on 
any data line. For applications where buffering is not desired, 
any of the Port Transceivers can be replaced with DIP shunts 
for direct connection to the VIA peripheral data pins. 


The ИО Control Signa! Buffers fully buffer all eight VIA Control 
lines. On each VIA, one control line (CA1) has only an input 
mode which is buffered as such. Twelve ИО Control Direction 
Jumpers allow the three bidirectional control lines (CA2, CB1, 
and CB2) on each R6522 to be configured for either input or 
output mode. 


A number of options available on VIA No. 1 make it particularly 
well-suited for keyboard applications. The A port of VIA No. 1 
is supplemented with Line Low Detection circuitry which gen- 
erates an interrupt through control line CA1 when any line goes 
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~ Multi-function Peripheral Interface (МР!) Module 


low; a reset switch on control line CB2 is passed off the board 
from the RESET connector to be used by reset conditioning 
circuitry on an RM 65 SBC module, АМ 65 micocomputer ог 
AIM 65/40 SBC module; an attention switch on control line CB1 
is debounced by the Attention Interrupt Conditioning circuitry to 


generate a non-maskable interrupt when enabled by the Atten- 


tion Interrupt jumper. 


Two 40-pin Parallel ИО connectors support all the R6522 МА 
signals as well as the Attention and Reset switch options. These 
connectors can be configured to match the RM 65 or AIM 


‚ 65/40 SBC module Parallel Application connectors, while also 
° being compatible with АМ 65/40 peripherals—keyboard, dis- 


play or printer. The УО Power Source jumpers allow +5V to be 
supplied to the interfacing equipment through the Parallel О 
Connector. 


The Data Transceivers invert and buffer.8-bits of parallel data 
between the RM 65 Bus and the two R6522 VIA devices or the 
/O Direction Control logic. The Data Transceivers are enabled 
when a valid address is present at the Base Address Decoders. 
During a read operation, data is transferred from the addressed 
/О to the RM 65 Bus. During a write operation, data is trans- 
ferred from the RM 65 Bus to the addressed ИО. 


The Address Buffers invert the six least significant address bits. 
used to select the R6522 devices and registers and also the. 
VO Direction Control Logic. | 


The Control Buffers drive read/write, phase 2 clock, and reset 
signals from the RM 65 Bus to the МР! module. The interrupt 
request and bus active signals are driven from the MPI module. 


The Bank Select Control circuit detects when the MPI module's 
assigned memory bank is addressed by comparing the bank 
address signal from the RM 65 Bus to the Bank Select Enable 
and Bank Select switches. The Bank Select Enable switch 
allows the module to be assigned either common to both banks, 
or to Bank O (lower 65K) or Bank 1 (upper 65K) depending on 
the Bank Select switch. 


The Base Address Decoders use the eight most significant 
address lines to assign the МР! module to a page (256 bytes) 
boundary. When an address is within range of the Base Address 
switches and the Bank Control is enabled, a chip select is gen- 
erated to one of the R6522 devices or the І/О Direction Control 
logic is selected. 


RM65-5223E — à . Multifunction Peripheral Interface (MPI) Module - 


PARALLEL 1/0 
2:2: CONNECTOR 


RM 65 
BUS CONNECTOR 


PORT 1A DATA: 


през | TRANCEIVERS PORT. ТА. 
8 || DATA tu a a ROL 
DATA TRANSCEIVERS сомт 
BUS ағынынан а PORT1B | DAT | ; 
ACTIVE TRANSCEIVERS ^T^ — PORT28 
! КЕШЕ eM 
'ADDRESS (ATTENTION SWITCH) 
ADDRESS BUFFERS ipee (RESET SWITCH) 
ИО DATA 
DIRECTION > 
CONTROL 
BASE PNE | 
М ADDRESS: 
BASE DECODERS 
ADDRESS | 
SWITCHES 
` BANK SELECT VO CONTROL E. 
SWITCH CONTROL Е 
ВАМК БАНК Е DIRECTION SIGNAL | : 
ADDRESS SE i JUMPERS BUFFERS 
‘PARALLEL 1/0 
| CONNECTOR 
| ATTENTION E 
NON-MASKABLE INTERRUPT ATTENTION 
INTERRUPT CONDITIONING INTERRUPT т, 
: JUMPER | | 
d Е PORT 2A. ВАТА Т} ШЕ : 
ТЯ А TRANSCEIVERS reds FORT 2A 
CONTROL МС SUFFERS ey en 
AND’ ye E i 
Р TIMING 5, 
ЖЕЕ РОВТ 2В БАТА. же 4 
„ TRANSCEIVERS 2 PORT 28 
> CONTROL 


RESET 
CONNECTOR 


MR EM 7 4 |. — MPI Module Block Diagram 
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С Multifunction Peripheral Interface (МР!) Module 


RM 65 Bus Pin Assignments 


Bottom (Solder Side) 


Signal 
Mnemonic 


Signal Name 


. Ground 


+12V/+V 
GND 
BDMT/ 


BR/W/ 


GND 
.BIRQ/ 
Вӣ2/ 
в@2 
BD7/ 
GND 
BD4/ 
BD2/ 
BD1/ 
+5\ 


Моје: 
"Мо! used оп this module. 


CB1/ATTN 
PB7 
PB6 
РВ5 
РВ4 
РВЗ 
РВ2 
РВ1 
РВО 
РА7 
РАб 
PAS 
PA4 
РАЗ 
РАг 
РА1 
РАО 
СА2 


Buffered Bank Address 
Ground 
Buffered Address Bit 13 
Buffered Address Bit 11 
Buffered Address Bit 10 
Buffered Address Bit 8 
Ground | 
Buffered Address ВИ 5 — 
Buffered Address Bit З . 
Buffered Address Bit 2 
Buffered Address Bit O 
Ground 
*Buffered Set Overflow 
*Buffered Ready 
*User Spare 1 
* 4-12 Vde/+V 
Ground Line 
*Buffered DMA Terminate 
*User Spare 3 
Buffered Read/Write "Not" 
*System Spare 
Ground ' | 
Buffered Interrupt Request 
‘Buffered Phase 2 “Not” Clock 
“Buffered Phase 2 Clock 
Buffered Data Bit 7 
Ground 
Buffered Data Bit 4 
Buffered Data Bit 2 
Buffered Data Bit 1 
+5 Vde 


Top (Component Side) 


Signal 


Mnemonic | Signal Name 


+5 Мас | 
Buffered Address Bit 15 
Buffered Address Bit 14 
Buffered Address Bit 12 
Ground | 
Buffered Address Bit 9° ` 
“Buffered Address Bt 7 ` 
*Buffered Address Ві 600 
Buffered Address Bit 4 
Ground 
Buffered Address. Bit 1 
*Buffered Phase 1 Clock 
. *Buffered Sync 
*Buffered DMA Request 1 
Ground 
* 112 Vdc/ - V 
*User Spare 2 
* Buffered Bus Float 
“Buffered External Phase 0 бю 
Ground | 
*Buffered ОМА Request 2 
*Buffered Read/Write 
Buffered Bus Active 
Buffered Non-Maskable Interrupt 
Ground 
Buffered Reset 
Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground 
Buffered Data Bit О 
Ground 


Connector J1 and J2 (Parallel /О Connector) Pin Assignments 


GND/--5V* 
GND 
GND 

_ GND 


GND/ -5V* 


1. Pins 2 and 40 can be optionally jumpered to +5V (maximum current through each pin should not exceed 200 mA). 
2. Pin 1 of J1 can be optionally jumpered to RESET connector or to CB2. 
3. Pin 3 of J1 can be optionally jumpered to the Attention Interrupt Conditioning circuit or to CB1. 
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RM65-5228bE | -Multi-function Peripheral Interface (МР!) Module 


SPECIFICATIONS | | Қ-А 


Dimensions (1, 2, 3) ac Y | ЩЕ 
Width 3.9 in. (100 тт)” 
Length | 6.3 in. (160 mm) 
Height . . | | " 0.56 іп. (14 mm) | 
Weight | ЕГЕТЕ С 5.1 02, (145 9) | 
Environment TN | Е i 
. Operating Temperature | | ‚ 0°Сю 70°С 
Storage Temperature _ Й | -40°C to +85С 
Relative Humidity — О 222 0%{о 85% (without condensation) . 


Ромег Requirements +5 Мас +5% 0.65 A (3.25 W)— Typical | 
Dus Dd +5 Vdc +5% 1.03 A (5.15 W)— Maximum. 


Interfaces | i 
АМ 65 Виз Interface. T | За ren plug (0.100 in. centers) per DIN dieta ad b not installed) 


/О Interface Jo 
Parallel УО Connectors (2) | 40-pin 3M #3495-1002, or sguain receptacle. Mates with 3M #341 8-0000Т, 
и ша or equivalent, ribbon cable connector 
| Reset Connector QU | 2 vertical pins (0. 3i in. high) on 0.200 пъ genter 


' Notes: 
1. Height includes: the maximum „род for component height above the board surface’ (О. Өл іп. d populated modules); printed circuit board 
thickness (0.062 іп.); and pin extension through the bottom of the module (0.1 in.). 
2. Length does not include extensions beyond the edge of.the module due to connectors or the module ejector. 
3. Dimensions conform to oN 41612. 


6.8 IN, МАТІМС 
"(172 ММ) MOTHERBOARD 


AND RECEPTACLE 
— 


EUROCARD CONNECTOR 
COMPONENT AREA 
WIDTH — ao — 

| HEIGHT p populis: 


EXTENSION 


Module Dimensions 
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RM 65 MICROCOMPUTER MODULES. 
The. RM65-5302E Analog Input Module and the RM65-5303E 


Analog Input/Output Module are hardware options available for 
the RM 65 Microcomputer Module family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for АМ 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be жымы into 
the user's “system. 


RM 65. modules use а motherboard interconnect concept in 
which any card can be inserted in any slot. The 64-line RM 65 
Bus offers memory addressing up to 128K bytes, provides high 
immunity to electrical noise and includes growth provisions for 
user functions. А selection of card cages allows packaging flex- 
ibility. RM. 65 products can also be used with Rockwell AIM 
65 and AIM 65/40 Microcomputers for product development 
and for a broad variety of portable or desktop microcomputer 
applications. 


PRODUCT OVERVIEW 


The RM65-5303E Analog Input/Output module provides either 
16 single-ended or 8 differential analog input channels with 
12-bit analog-to-digital conversion and two independent analog 
output channels with 12-bit digital-to-analog conversion. This 
single module can satisfy a wide range of applications requiring 
both monitoring and control of interfacing analog devices. For 
applications requiring опу не monitoring of sensors, the RM65- 
5302E Analog Input module provides the same input capability 


as the RM65-5303E module but does not have analog output | 


provision. 


The апаод input. section is easily jumper configured to accept 
inputs in one of five voltage ranges in either single-ended or 
differential input connection (depending upon the position of a 
plug-in header). Automatic input conversion start upon reading 
of input data simplifies software processing. Each of the two 
independent analog output channels initiates output conversion. 
automatically upon the receipt of output data thus. similarly 
reducing software steps. Each output channel can also be sep- 
arately configured to operate. in one of five output ranges with 
internal reference or in one of six output gain ranges with 
external reference. 


ORDERING INFORMATION 


Description | 


Description - 


Analog Input/Output Module User's Manual 
(included with RM65-5302E and RM65-5303E) 


RM65-5302E . Analog Input Module : 
RM65-5303E | Analog Input/Output Module | | | 


НМ65-5302Е e RM65-5303E 
| RM. 65 Microcomputer Family 


" RM65-5302E AND RM 65-5303Е 
_ВМ 65 ANALOG INPUT 
AND ANALOG запалена MODULES | 


FEATURES 


Compact size—about 100 mm х 160 тт (4" x 64”) 
RM 65 Bus compatible pp 


e 16 Single-ended or 8 differential analog input channels 


— 12-bit analog-to-digital converter (ADC) 

— Software control of input channel 

— Input over-voltage protected to + 15V 

— Input impedance of 100 megohms minimum 

— Еме analog input voltage ranges 

—70 db of common-mode rejection with differential inputs 


 — Sample and hold isolation of analog input during conver- 


sion time 
—Software selectable data length conversion (8 or 12 bits) 


—Ашотанс conversion start upon reading the most signifi- 
cant byte 


—Мазкарје interrupt generation upon conversion T 


Two independent analog output channels each with: 


— 12-bit digital-to-analog converter (DAC) 
—Five analog output voltage ranges with internal reference 


¿2+ — Six analog output gain ranges with external reference. 


— Settling time of 6 microseconds 
——Double-buffered DAC data registers 


—Automatic conversion start upon writing the least signifi- 
cant byte 


Trim potentiometers for zero-offset and full-scale reference 
adjustments 


All analog /О signals are available on a 40-pin connector 


` compatible with mass-terminated twisted-pair cables 


Fully assembled and tested with a one-year warranty - 


RM65-5303E Analog Input/Output Module 


Document No. RMA65N27 


· Data Sheet Order No. RM27 
Rev. 1, June 1983 


RM65-5302E е RM65-5303E | 
| FUNCTIONAL DESCRIPTION . 


RM 65 BUS INTERFACE | v 


The Base Address ‘Comparator compares the address. lines to 
Base Address switches S1-1 through 51-8 to determine if the 
‘address is within the 256-byte (1 page) block of memory selected 
by the switches. When the address lines match. the Switch 
positions, the module is enabled. 


Bank Select togic Bxciuslvely NORs the Bank Address line with 
the Bank Select switch position (51-9) then routes the output 
through the Bank Select Enable switch (S1-10) to select the 
bank (0, 1 or both) that the module responds to when addressed. 
This bank enable signal is then rontog to the Command Decoder. 


Control Line Buffers invert and drive the read/write, reset, phase . 


2 and address line O onto the module for use by other on-board 
circuitry. The Interrupt Request from the ADC conversion logic 
and the Bus Active from the Address Decoder logic are driven 
onto the АМ 65 Bus. 


Data Transceivers invert and transfer eight parallel data lines 
between the module and the RM 65 data bus. Тһе transceivers 
are enabled by the Address Decoder logic when the module is 
addressed in the.selected page and bank. The direction of data 
transfer is controlled бу R/W. When the transceivers are ena- 
bled during a write operation, data is transferred from the RM 
65 data bus for use by the АОС MUX Channel Select, the ADC 
Control Register, or the two DACs: When the transceivers are 
enabled during а read operation, data is transferred to the RM 
65 data bus from the ADC, the ADC MUX Channel Monitor, or 
the ADC Status Register. 


COMMAND DECODER | 

Command Decoder logic is enabled when the address is within 
the page selected by the base address switches, and the bank 
address matches the selected bank. When enabled, bus address 
lines BA1/.and BA2/ as well as R/W from the Control Line 
Buffers are decoded and combined with other logic into the fol- 


lowing major control lines, which enable the Data Transceivers, 
drive Bus Active, and control the other major module functions. 


ANALOG INPUT 


Analog input signals are. routed from the Ji vo ‘Connector to 
. the multiplexer (MUX) which consists of two 8-to-1 MUX devices. 
For single-ended inputs, the 16 individual signals are routed to 


Analog Input and Input/Output 1 1000163, 


ће Analog Input Header to enable either MUX 1 ог rM их 2. For 


single-ended inputs, MUX 2 is enabled when channel 0-7 is | 


> selected while MUX 1 is enabled when Channel 8-15 i is selected. 


For differential inputs, both MUX devices are’ ‘enabled when 


"~ channel 0-7 is selected. The ADC MUX Channel Monitor copies 


^. опе of the мо MUX devices; eight channels (CHO-CH7) to MUX | 


ЕГІ eight channels. (CH8-CH15) to MUX 1. The signal return. 


is connected to. ground through the corresponding channel return 
at Connector J1. For differential. inputs, eight channels are con- 
nected to both MUX: ‘devices; eight (СНО+. through СН7 +) to 
MUX 2 and the accompanying eight E trough CH7 -) to 

MUX 1. A 


The ADC MUX Channel Select logic latches the upper ей АМ 
65 data bus lines. When a Write ADC MUX Сћаппе! соттапа 
is decoded Бу the Command Decoder, the encoded channel 
number (0 to 7) is output to the MUX devices. Latched data lines 
are routed to each MUX device to select one of eight channels. 
The high and low latched D7 and 07 lines are routed through 


the latched MUX channel select. lines: onto data bus lines when 
a Read ADC MUX Channel Monitor command | is decoded у 
the Command Decoder. 


The selected MUX output is routed through the Analog Input 
Header to the INST AMP. The plug-in shunt type header con- 


- tains alternating open and closed circuits and is. provided with 


the module to allow easy selection of either single-ended ог. 
differential inputs by merely reversing the orientation of the | 


header in the socket. When single-ended inputs are selected, 
the high signal from the selected MUX device is routed to the 


INST АМР “+” input while GND is routed to the INST AMP “—” 
input. When a differential input is selected, the ‘signal from MUX 
2 is connected to the INST AMP “+” input while the signal from 


“MUX 1 is routed to the INST AMP “-" input. One pin of the 


Analog Input Header. socket is routed to ADC Status Register 


‘to indicate the installed position of the header to the processor. 


The: INST АМР provides a precision. gain to. the differential | 


voltage between its “+” and “—” input terminals. The ADC | 
Amplifier Gain jumper allows a gain of either 1 or 2 to be 
: selected. Two ле allow the zero offset and gain to 


бе: adjusted. - 


The S/H amplifier and associated hold capacitor ЕС Е the 


_ output from the INST AMP and holds its output steady while the 


interfacing ADC device converts the analog signal to the digital 
equivalent. 


A/D CONVERSION AND ADC READ LOGIC 
The ADC and associated A/D conversion/read logic controls the 


converting of the analog input signal to digital. format and the 


transferring of the digital data onto the data bus. 


CONVERT A/D CYCLE 


The convert A/D cycle controls the Жей and holding of the 
analog input signal and its conversion to digital format. The con- 
vert cycle i is initiated in response to a Read ADC MSB command. 


The ADC device uses a 12-bit successivé approximation tech- 
nique to convert the analog input voltage to a 12- or 8-bit digital 
format then stores the digital data in an internal data storage 


"register (for subsequent output to data lines DO-D7 in response 


to read АБС commands). The input Type jumper selects either 
unipolar or bipolar operation. The ADC Range jumper routes - 


оо ве input signal from the S/ H to either the. 10V or 20V input pin 


9-64 


on the ADC. 


When the conversion is complete, the ADC Data Ready bit 
(ADCRDY) is set in the ADC Status Register. This indicates that 
the conversion is complete and that ADC data may be read from 
the ADC. ADCRDY also generates the Interrupt Request if the 
Interrupt Enable МН ЗЕН) is.set in the ADC Control Register. 


READ ADC CYCLE 


The converted analog input signal is output to the RM 65 data 
bus through Data Transceivers in response to one of two read 


ВМ65-5302Е ө НМ65-5303Е _ 


ADC commands decoded by the Command Decoder. One сот-. 


mand, Read ADC LSB, transfers the least significant byte con- 
sisting of the four least significant bits and four zeros onto the 
RM 65 data bus. One other command, Read ADC MSB, trans- 
fers the most significant byte consisting of the eight most sig- 
nificant bits onto the RM 65 data bus. The least significant byte 
is always read first since. reading the most significant byte 
restarts the conversion cycle. 


ADC STATUS AND CONTROL REGISTER 


The ADC Status Register, when enabled by the decoded Read 
ADC Status Register command, drives the status of four signals 
onto the data bus. 


Signal Name Description 
HDRPOS Analog Input Header Position 
IRQENS Interrupt Request Enable Status 
ADCRDY ADC Data Ready 
IRQ- Interrupt Request Flag Status 


HDRPOS reflects the installed position of the Analog Input 
Header. IRQENS copies the Interrupt Request Enable Com- 
mand output from the ADC Control Register. ADCRDY indicates 
the ADC conversion status from the ADC. The IRQ- Interrupt 


Request Flag indicates if an interrupt request has been issued 


to the НМ 65 Bus. 


The ADC Control Register, when enabled by the decoded Write 
ADC Control Register command, latches the lower four bits of 
the data bus lines to drive two ADC control signals. 


Signal Name Description 
IRQENC Interrupt Request Enable Command 
12/8 Conversion Length 


BIPOLAR 
UNIPOLAR 
JUMPER 


RM 65 t 
BUS CONNECTOR 


DATA 
TRANS- 
CEIVERS 


DATA 


|| ADC i 
5 


TATUS 
REGISTER А 

Е ЕЙ 
с ROL 

REGISTER Ж 


' CONTROL 
INTERRUPT 
REQUEST 
BUS ACTIVE 


CONTROL 
LINE 
BUFFERS 


BANK 
SELECT 
SWITCHES 


ос 

омт 

ЕС! 
ВАМК ; р И 
ADDRESS 


ADDRESS 
|! |СОМРАВАТОЯ 


ADDRESS 
SWITCHES 


DAC 
CONTROL 


“S/H ж SAMPLE/HOLD 


INPUT 
PROTECT 


AD 


Analog Input and Input/Output Modules 


IRQEN isthe status ofthe interrupt enable command to the ADC 
. Status Register. 12/8 is the A/D conversion length command to 
the ADC device. 


ANALOG OUTPUT 


Analog output signals originate as digital data (two bytes) on 
the RM 65 Bus. These data bytes are input through the Data 
Transceivers into DAC 1 and DAC 2 in response to commands 
decoded by the Command Decoder and other logic to distin- 
guish the individual data bytes. These commands enable the 
respective DACs and initiate the data conversion upon writing 
of the least significant data byte. Two addresses associated with 
each DAC transfer the 12-bit digital data in separate 8-bit bytes. 


The reference voltage to each DAC may be either an internal 
precision: reference originating from the ADC or an external 
input voltage of + 11V. Separate buffers amplify the internal ref- 
erence voltage and the external reference voltage. Either the 
internal or external reference voltage source is selected by a 
Reference Source jumper on each channel. 


The selected reference voltage is amplified using a gain selected 
ру the DAC Reference Amplifier Gain jumper position. The DAC 
gain adjust potentiometer trims the amplifier gain. 


Each DAC provides an output current directly proportional to the 
product of the reference voltage and the digital input word. A 
_ second output current is similarly proportional to the comple- 
ment of the digital input value. cs 


An OP AMP converts the output current to a unipolar voltage 
and a second OP АМР converts the voltage to bipolar levels if 

_ jumper selected. One jumper selects the output gain while 
another jumper determines the output polarity. A potentiometer 
trims the output gain. 


10 
CONNECTOR 


ANALOG 
INPUTS 


ADC GAIN 
& OFFSET 
ADJUST 


8 CHANNEL 
MULTI- 
PLEXER 2 


ANALOG ` 
INPUT ` 
HEADER 


8 CHANNEL 
MULTI- ` 
PLEXER 1 


ANALOG 
INPUTS 


CHANNEL 
SELECT 


GAIN JUMPER 
АМО FULL ` 
SCALE ADJUST 


` OFFSET 
ADJUST 


DAC 
REFERENCE 


ОР 

SELECTION AMPS 

JUMPER | 
зе Г 
қ REFERENCE ОР 

] | АМР 


ANALOG 
OUTPUT 1 


| САС. САМ, 
BIPOLAR 
| JUMPERS 


ANALOG 
SELECTION OUTPUT 2 


JUMPER 


DACZ 
"OFFSET 
ADJUST 


GAIN JUMPER 
AND FULL 
SCALE ADJUST 


EXTERNAL 
REFERENCE ` 


Analog Input/Output Module Block Diagram 
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RM65-5302E e RM65-5303E 


Notes: 


Analog Input and Input/Output Modules 


_ ШО Connector Pin Assignments 


ADC CHO (СНО+) 
ADC CH1 (СН1+) 
ADC СН2 (СН2+) 
ADC СНЗ. (CH3+) 
ADC СНА (CH4+) 


. ADC СНБ (CH5+) 


ADC CH6 (CH6+) 


ADC CH7 (CH7+) 


` ADC Снв (CHO-) 


ADC CH9 (СН1-) 
ADC СН10 (СН2-) 
ADC СН11 (СНЗ—)_ 


222 ADC CH12 (CH4-) 


ADC CH13 (СН5-). 


: - ADC CH14 (СН6-). . 
АРС C15 (СН7-). 
„ . DAC 2 ОЦТ 
|». DAC 1 OUT. 


[амо 


External Reference | n 


1: Signal name i in parentheses Applies to. differential | input connection. | 
2. Pins 39 апа 40 are е connected internally to DAC 2 амр. 19” 


ADC СНО GND- 


-АОС CH1 GND 


“Арс CH2 GND 


ADC CH3 GND 
ADC СНА GND- 
ADC CH5 GND 
ADC CH6 GND 
ADC'CH7 GND 


‚ АБС CH8 GND: | 
АОС CH9 GND... 


ADC CH10 GND 
ADC CH11 GND 


АБС. CH12 GND 


ADC CH13 GND. 
ADC €H14 GND - 


“ADC СН15 GND 


DAC 2 GND 
DAC 1 GND 
External Reference GND. 
GND | 


ам id Bus Pin Assignments. 


Bottom (Solder Side) | . Top (Component Side) 


Signal oe | e Signal . Nr 
Mnemonic Signal Мате. · Mnemonic Signal Name 
ta. GND. . ‘Ground uet ME ic +5V +5 Vde 
2a BADR/ Buffered Bank Address . 2c BA15/ Buffered Address Bit 15 · 
3a. GND Ground. 3c BA14/ Buffered Address Bit 14 
4a BA13/ _Buffered.Address Bit 13 4c ' BA12/ Buffered Address Bit 12 
5a BA11/ Buffered Address Bit 11 5c GND Ground | 
6a BA10/ Buffered Address Bit 10 6c ВА9/ Buffered Address Bit 9 
7a BAS’ Buffered Address Bit8 | — 7с ВА7/ ""Вићегед Address ВИ 7 
8а амо Ground ` 8c ВАб/ . "Вићегед Address Ви 6 
9a BA5/ *Buffered Address Bit5. | 9c . BA4/ *Buffered Address Bit 4 
10a ВАЗ/ *Buffered Address ВИЗ __ “10с GND Ground ·.. 
11a BA2/ ‚ Вићегед Address Bit 2 iic BA1/ — *Buffered Address Bit 1 
12a BAO/ Buffered Address Bit о 12с ва! *Buffered Phase 1 Clock 
13a GND Ground | 13с "В5УМС *Buffered Sync 
14a BSO *Buffered Set Overflow 14c BDRQ1/ *Buffered DMA eae 1 
15a BRDY Buffered Ready 15с ‘GND Ground 
16a *User Spare 1 | 16c. —12V/-V -—15 Мас 
17a +12V/+V +15 Vde 17с | *User Spare 2 
18a GND Ground Line. | 18c. BFLT/ “Buffered Bus Float 
19a. · ВОМТ/ *Buffered DMA Tarininate 19c в@О. „“Вийегед External Phase 0 Clock 
20a A o *User Spare 3 20с GND ^. Ground 
21a BRW, · Buffered. Read/Write “Not” 21c BDRQ2/ - *Buffered DMA Request 2 
22a | *System Spare ` 22c BR/W “*Buffered Read/Write 
23a GND Ground. 23c BACT/ 2. Buffered Bus Active 
24a BIRQ/ Buffered Interrupt Requést 24c BNMI/ *Buffered Non-Maskable Interrupt 
25a Вӣ2/ ‚ Buffered Phase 2 “Not” Clock 25c GND |... Ground | 
26a в 2 ‚ Buffered Phase 2 Clock | 26с BRES/ ’_ Buffered Reset 
278 BD7/ . Buffered Data Bit 7 27c 806/ Buffered Data Bit 6 
28a. GND Ground 28с BD5/ Buffered Data Bit 5 
29a во. Buffered Data Bit 4 29с BD3/ Buffered Data Bit 3 
. 30a Вог Buffered Data Ви 2 _ 30с амо Ground 
31а. BD: Buffered Data Bit 1 31c BDO/ Buffered Data Bit 0 
32a +5V | +5 Мас 32c GND Ground 
_ Моје: | | 


“Мой used on this module. 
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'RM65-5302E e RM65-5303E QUUM < Analog Input and Input/Output Modules 


Analog Input/Output Module Conversion Characteristics | 


Characteristic 


Analog Inputs 

Number of Inputs (Header Selectable) 
Single-Ended 
Differential 

Input Voltage Ranges (Jumper Selectable) 
Unipolar 
Bipolar 

Input (Bias) Current 

Input Impedance 


ON Channel 
OFF Channel 


Input Overvoltage 
Input Overvoltage Current 


Common Mode Rejection 

(Differential) (DC-60 Hz with 1K ohm source е unbalance) 
Resolution 
Accurancy 

Gain error | 

Unipolar offset 

Bipolar offset 

Linearity error 
Temperature Coefficients 

Gain 

Offset 

Differential Linearity (no missing codes over temperature range) 
Signal Dynamics | 

Conversion Time (from read of most significant byte) - 

12-Bit ! 


8-Bit 


Small-signal Bandwidth; 196 flatness 
Ful Peak Response `` % 7 


Analog Outputs 
Number of Outputs | 


With Internal Reference Voltage 
Output Voltage Ranges (Jumper Selectable) 
Unipolar 
Bipolar 


With External Reference Voltage (V ger) 
Input Impedance ... 
Reference Voltage Range 
Output Voltage Gain Range (Jumper Selectable) 
: Unipolar 
Bipolar 
Output Drive Current (+ 10V) | 
Resolution 


Accuracy 

Gain Error 

Unipolar Offset 

Bipolar Offset 

Linearity Error 
Temperature Coefficients 

Gain 

Offset 

Differential Linearity (no missing codes over temperature range) 
Signal Dynamics 

Settling time to 0.0596 FSR 

Output Slew Rate 
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| Value . 


16 
8 


0 to +5V, 0 to -- 10V 
+ 2.5V, + БУ, + 10V 
+ 50 nA (тах.) (25°С) 


"З x 10? ohm, 50 pf 


1 x 1070 ohm, 20 pf 
+ \ + 150 (тах.) (+ V supply ON or OFF) 
15 та (+ V + 15V) 


74 db (min.) 
12 bits (1 part in 4096) 


0.3% FSR (max., adjustable to zero) 
+ 110 mV (max., adjustable to zero) 
+ 150 mV max., adjustable to zero) 


_ 0.1% FSR (max.) 


+ 50 PPM FSR С 
+ 60 PPM FSR С 
10 Bits 


‚ 35 м5--іуріса! 


45 us—maximum 
25 из—урса! 
35 из—тахтит 
50 kHz 

15 kHz 


2 


0% +5V, O to +10V 
+ 2.5V, = 5\, + 10V 


4.7K ohms - 596 
+ 11V 


. 010 +.5 Veer, 010 Veer, О to 2 Vref 


+ .25 Увек, = .БУнев, = МВЕЕ 
+5 тА (тіп) 
12 Виз (1 рам іп 4096) 


0.3% FSR (max., adjustable to zero) 
30 mV (max., adjustable to zero) 

60 mV (max., adjustable to zero) 
0.05% FSR (max.) 


+ 60 PPM ЕВА PC 
+ 15 PPM FSR "С 
10 Bits 


10 us 
10 V/us 


| RM65-5302E o RM65-5303E S ща Ж Апаюд Input and Input/Output Modules | 
SPECIFICATIONS за E GRIS MC NEL pe 


Parameter у: 


E Dimensions (1, 2, 3) ығ” | | 
Width ^ . | | 100 тт (3.94 іп.) 
Length | | |. 160 mm (6.3 in.) 
Height 35 14 mm (0.56 іп.) 


156 g (5.5 oz.) 


Environment So Е SEM | 
Operating Temperature |  . OCto70C — 
-Storage Temperature | 3 ME © —40°C to +85°С Та 
Relative Humidity | . 096 to 8596 (without condensation) 


Power Requirements 


T “Analog Input/Output (RM65-5303E) И ‚ +5 Мас + 25% аі 425 mA—typical, 675 тА—тах. 
| +15 Мас + 5% аі 30 mA —typical, 60 mA—max. 
2 | | | ‚ —15 Мас = 5% а! 40 mA—typical, 80 mA—max. 

° Analog Input (RM65-5302E) | ~ +5 Мас = 5% at 425 mA—typical, 675 mA—max. 
E | | | +15 Мас + 5% at 12 mA—typical; 25 mA—max. 
—15 Мас + 5% at 25 mA—typical, 50 mA—max. 


Connectors | а | BC Е | 8 
НМ 65 Виз Connector P1 | | Ms 64- -pin plug (0. 100 in. centers) per DIN 41612 (Row b not installed) —mates. 
| | e ". "| with Витду P196B32RO0A00L-9 ог equivalent. - E 
Vo Connector J1 | | ^. 40-pin mass termination (0.100 in. centers)—mates with У Burndy 
| 3 Lo м FRS40BS4P connector ог ашарын 


Notes: еі | | 
.. 1. Height includes the maximum values: for component height above the board аса (0.4 іп. | for populated modules Dr circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1. in.). · T DA 
2. Length does not include the added extension due to the. тоа ө ejector. 
3. Dimensions conform to DIN. “1612 | 


LENGTH MATING | 
MOTHERBOARD | 
| E AND RECEPTACLE 


P | | HEIGHT 


EUROCARD CONNECTOR 
COMPONENT AREA 


d cR 
ШЕ. Xu |02 Module Dimensions 


EUROCONNECTOR 
чы а ЕХТЕМЗЮМ | 


Module Dimensions 
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Rockwell 


RM65-5451E | 
RM 65 So рони У 


| RM65-5451E | | 
ВМ 65 ASYNCHRONOUS COMMUNICATIONS - 


RM 65 MICROCOMPUTER MODULES 


The RM65-5451E ACIA Module i is one. of the hardware options 
available for the RM 65 Microcomputer. Module family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed м R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the users system. 


RM 65 modules use a motherboard interconnect concept and 
accept any card in any slot. The 64-line RM 65 Bus offers 


memory addressing up to 128K bytes, high immunity to ејес-_ 


trical noise and includes growth provisions for user functions. 
A selection of card cages provides packaging flexibility. RM 65 
products may also be used with Rockwell AIM 65 and AIM 
65/40 Microcomputers for product development and for.a broad 
variety of portable or desk-top microcomputer applications. 


PRODUCT OVERVIEW _ 


The RM65-5451E Asynchronous Communications Interface 
Adapter (ACIA) Module interfaces two independent, asyn- 
chronous serial УО channels to the RM 65 Bus. Each channel 
тау operate as a data terminal or a data set, as selected by 
jumpers on the module. Both RS-232C and 20 ma TTY current 
loop interfaces are provided on Channel No. 1. An RS-232C 
interface is provided on Channel No. 2. 


Each ИО channel performs serial-to-parallel and parallel-to-serial | 


data conversions using an R6551 Asynchronous Communica- 
tion Interface Adapter (ACIA). Both receiver and transmitter may 
operate with a programmable word length of 5, 6, 7, or 8 bits. 
Further, each channel can transmit and receive at 15 different 
program-selectable rates, between 50 and 19,200 baud. The 
receive rate is the same as the transmit rate. 


Document No. НМА65М08 


INTERFACE ADAPTER (ACIA) MODULE 


FEATURES 


Compact size—Approximately 4" x 614" (100 mm x 160 mm) 
Buffered address, data and control lines 

Two independent channels 

On-board 1.8432 MHz crystal frequency reference 
Programmable baud rate selection of 15 different rates (50, 
75, 109.92, 134.58, 150, 300, 600, 1200, 1800, 2400, 3600, 
4800, 7200, 9600, or 19,200 bits per second) | 

e Programmable control of: 

— Word length (5, 6, 7 or 8 bits) 

— Number of stop bits (1, 1%, 2) 

— Parity (odd, even or none) 

Address select switch allows the starting address of the serial 
channel /О to. ре assigned to a page boundary. 


On-board DC/DC Converter allows --5У only oparation for 
 RS-232 interface. 


ORDERING IN FORMATION 


RM65-5451E Asynchronous Communications Interface 
Adapter (ACIA) Module 


Asynchronous Communications Interface | 
аре 22 Module User's Module -© 


RM65-5451E Asynchronous Communications | 
Interface Adapter (ACIA) Module 


Data Sheet Order Мо. ВМ08 
Rev. 2, June 1983 


НМ65-5451 Е 


АСТА Module 


FUNCTIONAL DESCRIPTION 


The Data Transceivers invert and transfer 8- bits of parallel data 


between the R6551 ACIA devices and the RM 65 Bus depending . 


on the state of the transceiver enable ‘and. read/write signals. 
During a write operation, the data received from the bus are 


written into the addressed ACIA device. During a read opera- ` 


tion, the data read from the addressed ACIA device are driven | 


. onto the bus. When the АСА module is not addressed, the 
transceivers are disabled. 


The Address Butters invert and transfer the three least signifi- 
cant address lines to the АСТА devices. Two lines generate the 


register address while one line selects one of the two ACIA 
devices. 


The Control. Buffers invert and drive the bank oe dek 
and read/write signals from the bus onto the module and drive 
the bus active and interrupt request lines onto the. PUN 


| The ACIA module may be assigned to common Барка (both 


Bank 0 and Bank 1) or to a dedicated bank (either. Bank 0 ог 
Bank 1), depending on the Bank Select and Bank Select Enable 
switch positions. The Bank Select Control circuit detects when 


the АСА module is bank-addressed, by comparing the. bank | 


address control signal from the RM 65 Bus with the Bank Select 


switch position. "а match occurs and the Bank Select. ais : 


switch is on, base address decoding is enabled. 


The Base Address Buffer/Comparator buffers the eight most 
significant address lines Кот the bus and compares them to 


the Base Address Select switches. When a. match occurs, the 
ACIA module is enabled. 


Two 86551 ACIA devices convert data from Serial-to-parallel 
format for input to the RM 65 Bus: and from parallel-to-serial 
format for output from the bus. Each. ACIA device contains a 


‘programmable control. register to allow. baud ‘rate; жога. length 
. and the number of stop bits to be. programmed. А. command 
. register allows ACIA interrupt and parity modes to’be specified 


under program control. A status register тау Бе interrogated to 
determine the status-of the data transfer and the cause for ап 
interrupt request, 

The RS-232 ДКА circuit contains line receivers FS iine 
drivers, to convert signals from internal TTL levels to external 
RS-232C levels. Jumpers are provided to specify Data Set or 
Data Terminal operation. Jumpers are also provided to simulate 
RS-232 control signals that are hot available from the interfacing 
equipment. | 


Opto-couplers i inthe TTY Interface circuit provide 20 ma current 
loop sourcing and sinking between the ACIA module and an 
external ТТУ. — 


А 1 8432 Mhz crystal. pensión: ‘the data transmission fre- 
quency. reference, which the ACIA devices convert to the desired 


baud rate under program control. . 


и Тһе DC/DC Converter generates +12 Мас from. s мас for | 


Р5- 232 operation. 


Power Source For TTY Operation. 


For TTY operation, the =12 Мас must be obtained from the RM | 
65 Bus, by removing the DC/DC ian converter and installing 
two jumpers. | | 


РАТА 


Е —— ре 
| E | 2; | снаммка 227 CHANNEL 11 CHANNEL 1 
сс R6551 RS-232C RS-232C 
BUFFERS 
MONITOR 
a ТТУ. CHANNEL 1 
— SELECT 20 МА ТУ... 
: | SWITCH INTERFACE CONNECTION 
ADDRESS SELECT уу 
CONTROL 
NES BASE 
BASE... ' ;. ADDRESS 
ADDRESS |. ‚ | SWITCHES 
DECODER | ~ | | | 
E СИ ВЕКА 7 9 CHANNEL 2 - 
ADDRESS ACIA CONNECTION 


ADDRESS - 
BUFFERS 


DC/DC 
CONVERTER | 


+5V +12V 


RM65-5451E ACIA Module Block Diagram 
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га 


· Signal- 
Мпетопіс 


амо 
BDMT/ 


BR/W/ 


‘GND 
BIRQ/ 


_ Note: 


Bottom (Solder Side) 


_ RM 65 Bus Pin Assignments 


| (при || 
Output || Pin 
I^ 1с 


| | Signal 
Signal Name | 
Ground _ | 
Buffered Bank Address 
Ground | 
Buffered Address Bit 13 
Buffered Address Bit 11 
Buffered Address Bit 10 
Buffered Address Bt8 
Ground | 


| “Buffered Address Bit 5 


*Buffered Address Bit 3 
Buffered Address Bit 2 
Buffered Address Bit 0 
Ground ; 

*Buffered Set Overflow 


„| "Buffered Ready 
"| “сег Spare 1 
+12V/+V 


+12 Мас/+М 
Ground Line 
*Buffered DMA Terminate 


| "User Spare 3 

. Buffered Read/Write "Nor 
| 'System Spare 

. Ground 


Buffered Interrupt Request | 
Buffered Phase 2 "Not" Clock | 
*Buffered Phase 2 Clock 


 Buffered Data Bit 7 


Ground 

Buffered Data Bit 4 
Buffered Data Bit 2 _ 
Buffered Data Bit 1 
+5 Мас 


“Мог used on this module. 


Signal Name 


Request-To-Send 
Transmit Data 
; Receive Data . 


Mnemonic 


С АСА Module | 


Top (Component Side) | 
Sig nal Name 


+5 Мас . 

· Buffered Address Bit 15 
Buffered Address Bit 14 
Buffered Address Bit 12 
Ground | 
Buffered Address Bit 9 

*Buffered Address Bit 7 

*Buffered Address Bit6 |  . 

"Buffered Address Bit4 
Ground | 
Buffered Address Bit 1 

*Buffered Phase 1 Clock 

*Buffered Sync 
Buffered DMA Request. 1 
Ground 
-12 Vdc-V _ 

"User Spare 2 

*Buffered Bus Float 

*Buffered External Phase 0 Clock 
Ground 

*Buffered DMA Request 2 

*Buffered Read/Write 
Buffered. Bus Active | | 

*Buffered Моп- Maskable Interrupt 
Ground . 
Buffered Незе! 
Buffered. Data Bit6 . 
Buffered Data Bit5 | 
Buffered Data Bit 3 
Ground T а 
Buffered Data Bit. ы 
Ground | m 


+ E 


Input/Output 


-12 Vdc | 


I/O Connector J2 and J3—RS-232 Interface 


= Signal 


Mnemonic Signal Name 


Ground: 

Transmit Data 
Receive Data | 
Request-To-Send 


Clear-To-Send 
Data-Set-Heady 
Ground 

Data- Carrier.Detacted 
Not Used | ii 
Data-Terminal- ‘Ready 
Not Used 
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Data Зе! · 


Input/Output 
Data Terminai І 


RM65-5451E — ^ ACIA Module 
SPECIFICATIONS | 
Parameter PME | | ши E Value 


Dimensions (1, 2, 3) а. i PIC | 
Width | | a Е ‚ 3.9 іп. (100 mm) 
Length . | | ІШ 6.3 іп. (160 mm) 
Height zy 0.56 in. (14 mm) 


5.2 oz. (145 g) 


Environment g . 
Operating Temperature | NK. Ж _ 0°С to 70°С 
Storage Temperature  . | —40°С to +85°С 
Relative Humidity 000 Y s | | 0% to 85%, without condensation 


Power Requirements S | | | 
RS- 232 Interface Operation, with DC/DC Converter © | +5 Мас +5% (à ОЛА (2.0W)—Typical 
О.7А (3. 5W)— Maximum 
‚ +5 Мас +5% @ 0.5А (2.5W)— Maximum 
E | +12 Мас + 10% @ 0.12А (1.4W)—Maximum 
ТТУ Operation, without DC/DC Converter | —12 Мас + 10% @ 0.12A (1.4W)—Maximum 


-interfaces | | | | | | 
АМ 65 Bus | | | 64-ріп plug (0.100 in. centers) per DIN 41612 (Row b not installed) 


VO Interface - | ЧИ: 
RS-232 . | я Nc . . 26-pin mass termination connector (0.100 in. centers) > 
TTY l D у 4-ріп Bud (0.156 in. cens 


Notes: i | | 4 
1. Height includes the maximum values for component height above the board surface (0.4 in. for populáted modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). | 
_ 2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 
3. Dimensions conform to DIN 41612. | 


MATING 
MOTHERBOARD 
AND RECEPTACLE 


: a IN. 
(172 MM) 


АЯ | 


EUROCARD CONNECTOR 
COMPONENT AREA 


WIDTH HEIGHT Hol SEE sel 


d EUROCONNECTOR 
EXTENSION: iD ai 


Module Dimensions 
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Rockwell 


РМ 65 MICROCOMPUTER MODULES 
“Тһе RM65-7004E 4-Slot Piggyback Module Stack (PMS) and 


_ “НМ65-7004МЕ Motherboard is. one of the hardware options 
| pipi ud for. the RM 65 Microcomputer: Module шу | 


. АМ 65 Micrócornputór Modules products are designed for OEM 
Қ апа end user microcomputer applications requiring state-of-the- 
ай. performance, compact size, modular design and low cost. 

Software for RM 65 systems can Бе developed in R6500 ` 


Assembly Language, PL/65, BASIC and FORTH. Both BASIC 


. апа FORTH are available in ROM arid can be incorporated into 
4 the user's System; | 


вм 65 module products | use a ‘motherboard interconnect con- 


_ сер! and accept any card in any slot. The 64-line RM 65. Bus 
~. offers memory addressing up 10: 128K bytes, high immunity to 
^. electrical noise and includes growth provisions for user func- - 
+ tions. A set of card cages allows a broad variety of packaging 
options. RM 65: products may also be used with Rockwell AIM 
"65 and АМ 65/40 Microcomputers for product po ертеп and 
u^ ‘desktop microcom puter applications. | 


+ PRODUCT С OVERVIEW pr | 
2 Тһе 4- Slot Piggyback Module Stack (PMS) consists of а 4-slot 
, .RM 65 Bus compatible motherboard їп а сага саде. Memory, — 
ИО or special functions may be added to the АМ 65 Microcom- 
"puter by Use of the PMS: When connected to the AIM 65 Master 
; Module through the Buffer/Adapter Module, the PMS may be - 
г mounted over, under, or behind the AIM 65 Master Module т. 
га Variety of orientations. to meet unique application require- 
Е ments. The form factor of the PMS allows OW d placement 
та table topo or lerminal x enclosure. | 


um The 4- Slot Motherboard ва printed ‘circuit г board (PCB) less 
s. four connectors, mini-terminal strip, four mounting blocks used. - 
to fasten the PCB (о Не card cage. Connectors, mini-terminal . 
Ба strip and custom mounting blocks can easily be added: to ста а 
41! unique installation requirements. p~ | T 


| J"RM65-7004 | 
(RM 65 5 Microcomputer Family | 


- RM65-7004E AND RM65- 7004NE | 
ЕСІ 65 4-SLOT PIGGYBACK MODULE STACK 
2 | АМО MOTHERBOARD 


| FEATURES 


4-slot card cage with integral module guides 
Rugged, but lightweight construction | 
Accepts axial module cooling fan 


Screw- down terminals for connecting external power (ву, 
+12V/+V, —12\/- V, GND) | | 


Predrilled holes for various mounting configurations 7 
Assembled, tested and warranted | | 


ORDERING INFORMATION - 


—— | | 
RM65-7004NE 


Description 


s ‚ 4- Slot Piggyback Module Stack - |" 
| 4- Slot Motherboard |. M 


RMG5-7004E 4-Slot Piggyback Module Stack (PMS): о - 


“Data ‘Shoat Order No. AMOS 
Rev. 3, Jine 1983. 


RM65-7004E e RM65-7004NE 


ла 


га 

За 
"^ 4a 
- Ба 
6a 

7a 

8a 

9a 
10a 
11a 

© 12а 
..13a 


14а | 


_" 15а 
16а 
17а 
18а 
19а 


24a 


| 25а | 


“27а | 
28а. 


2да 
30a 
31a 
32a 


20a | 
| 24а. 
_ 22а | 
28а „> 


Signal ^^ 


| ; -Mnemonic 


GND 

BADR/ 
GND . 
BA13/ 


__ВА11/ 


BA10/ 
ВА8/ 

GND · 
ВА5/ | 


ВАЗ | 


BAZ 
BAO/ 
GND 


" BSO 
BRDY 


+12V/+V 
GND |. 


_ВОМТ/ 


BR/W/ 


died 65 Bus Pin Assignments 


Bottom (Solder Side) 


Signal Name | 


| Ground. . С | 
. Büffered Bank Address 


Ground 
Buffered Address Bit 13 
Buffered Address Bit 11 


- Buffered Address Bit 10 


Buffered Address Bit 8. 


"Ground . 
Buffered Address Bit 5 
Buffered Address Bit 3 
' Buffered Address Bit 2 
- Buffered Address Bit 0 
Ground . 
. Buffered Set Overflow 


Buffered Ready 


-User Spare 1 
. +12 Vdc/ * V. 


Ground Line | 
Buffered DMA Terminate 
User Spare 3 
Buffered Read/Write "Not" 
System Spare 


‘Ground 


Buffered Interrupt. Ваа 


ВиНегесі Рһаве 2 “Not” Clock 


Buffered Phase 2 Clock “ 


T Buffered Data Bit 7 
"Ground ” | 


Buffered Data Bit 4 


' Buffered Data Bit 2 
· Buffered Data Bit 1 


+5 Vde 


9-74. 


is 


Signal 


.. Mnemonic 


-BDRQU/- 


GND 


—12V/-V 


.BFLT/ 


GND 
BDRQ2/ 
BRW 


 BACT/ ` 


° BNMI/ 
GND 
BRES/ 
ВОб/ .. 


СВО o 


BD3/ 
GND 
BDO/ 
GND 


Top (Component Bide) 


4-Slot Piggyback Module Stack and Motherboard 


+5 үде RB | 
Buffered. Address Bit "TE 

Buffered Address ВИ: T 
Buffered Address Bit 12 ' ` 


. Ground 


Buffered Address Bit9 | 
Buffered Address Bit 7 


| > Buffered Address Bit 6 - 


Buffered Address. Bit 4 


| Ground 


Buffered ‘Address Bit 1 


Buffered Phase 1 Clock 


Buffered Sync 


. . Buffered DMA аша. | 


Ground .. 
—12 Мас! 
User Spare > 


“а Buffered Bus Float . 
Buffered External. Phase 0 Clock. 


Ground 


| Buffered DMA Request 2 . 


Buffered: Read/Write , uc > ie 


| Da Buffered Bus Active 


Buffered Non- Maskáble. (тога г 


25 Ground. 


Buffered Reset г. 
Buffered Data Bit 6 ` 


‚ Buffered Data Bit5 ©. 


Buffered Data Bit 3 


xi Ground. 
Buffered Data Bit 0 


Ground 


RM65-7004E e ЯМ65-7004МЕ_ | 


MOTHERBOARD CONNECTION АМО | 
MODULE INSTALLATION — 


| Connect power to TBI. The power lines should be long йош 


“о allow the ы to be oriented and positioned as required. 


WARNING - 


Е Тһе ЕЕ Power supplies must be tumed ott | betore 
С connecting to ТВ1. Pur : 


a. Connect +5V from an дена! ромег зиррју to the terminal 
| marked "+5", "+5" ds connected to al +5V pins оп all 
module receptacles. 


b. ‘Connect GND from the. power NE to dier terminal marked 
9”, Both of these terminals are connected to all GND pins 
оп all module receptacles. | 


с. Соппес! +12М+М from an external power supply to the їег- 


-minal marked “+V”. “+V” is connected to Pin 17a on each 
| тодије receptacle. 


| d. ‘Connect GND from the +12V/ +V power supply to either “G” 
| terminal. 


| е. Connect -12VJ-— V RA an external power supply to the ter- 
‚ minal marked." —\”. “№” is connected to Pin 16c on each 
m | module receptacle, 


я 


КЕТ Piggyback Module Stack and Motherboard 


| Manutacturer—ROTRON е 


e Model МА2Е7О с — 
_ 115 Мас, 50/60 Hz, 13 watts 
. 8000 RPM, 33 CFM. | 
902. 


Се Model WA2F77"* 


220 Vac, 50/60 Hz, 43 watts.. 
. 8000 RPM, 33 CFM а 
Р дог. 


"Includes two 6” power leads. 


NOTE 


ETRI Finger guard Model 760- 9901 -43 3 may be used with. 
any of these fans. | | 


Install а module in the PMS as ка аи 


- CAUTION 


Power must be turned off to the PMS motherboard before. 
installing a module. СЫ | 


. а. Position the module, component side up, in ‘front of the 


Жж Connéct GND from the ь-12м- V power r supply to b either “а” | Ў 


е. terminal. 


" ‘Install the PMS i in the азары d Mounting holed are pro- es 


| vided to allow а attachment at the top or bottom of ше aoe 


jocis CAUTION | dT 
| лоше. that neither the left. nor right side of the PMS is. 
ES Москва such that the flow of forced cooling air is "ше. 
| | | | NOTE * 


| ; | it the PMS is positioned. on the AIM 65 Master Module, 
AO ensure that ие РМ5 m" rest in areas Tree of арена и 


= /Mtach ап. ажа cooling fari to the left: side of the PMS. Connect 


| | {не cooling. fan power leads to the: ToU power Süpply. 


5 е following 3% 
| recommended: 


Manufacturer —ETRI Inc | 


г a 


е Model 760-99XW-182- име | 
221-415 Мас, 50/60 Hz, 6 watts 
221 2500 RPM, 30 СРМ 
2701002. | 

ә Моде! 760-99XW- 181- 11220* 
., 220 Vac, 50/60 Hz; 6 watts - 
27 2500 RPM, 30 СЕМ И 
| 270 oz 7 | 


s us 


: ее plug in power cord, 30" ong--Mode 760- 9601-6. 


desired card slot. 


| Card slot Мо. 1 (top-most slot) has 0. 85 inch of komponent 2 
clearance whereas the other three slots. are on 0.6 inch cen- 


ters. If a module is higher than 0. 4 inches above the м | | | Ж 


of the module, install t іп саға slot Мо. 1. 


р. Insert the module into the card guide and slide the module | 

Ж straight i in unti it touches, the mating motherboard tecöptacie. Ж 
__ NOTE E 

The card slot guides may be snugo on Ке inserted module. 


c. Ensure that the modüle ‘connector: is positioned properly 5 Е 


against the mating receptacle. 


d. Press in firmly on the exposed edge. of the module unti it is. 


| firmly затва. 


Қы потоке а module from the PMS as follows: Ж, 2 do - 


‘inch cooling fans: ог equivalent arè | ; 


CAUTION. | 2%; 
Remove . ромег ‘fom. the Рив motherboard betore 


on removing a module... 


а. дін upon the module ejector tab, it installed: otherwise азр. 


the. exposed. edge о ће module and. pull, to release ће ^s 
Е module from ће mating. receptacle. | | о 


b. Pull the бай е straight back until it is free rom ihe card rd slot 
guides. | ЊЕ СЕХ 


 ВМ65-7004Е е RM65-7004NE - 4-5101 Piggyback Module Stack and Motherboard 
4-CONNECTOR MOTHERBOARD | | тұта 


ASSEMBLY MEM fi a МИА. и 27% quee 
The RM65-7004NE 4-slot motherboard can be assembled as b. Solder the receptacle pin connections to the back of the 
follows: | | К | РСВ. са ГІЛ 2. | | 
a. Install up to four module connectors (receptacles) from the c. Install the mini-terminal strip to the power supply connection 
front of the PCB. Be sure to observe correct connector ori- holes from the back of the PCB. 
entation. The following connectors or their equivalent, may CE ВА ЕН ААК 
· Бе изед: - ке | | | d. Solder the mini-terminal strip leads to the front of the PCB. 
| еш [мешш | 


P196B32RO0KO0K9 |. ^ Burndy Corporation 
Norwalk, CT 06856 


965-6033-0531-3 | . Winchester Electronics 
| "7 7, | Oakville, CT 06779 


| 00-8257-096-649-124 | Elco Corporation а 
: | | IE | Huntington, PA 16652 . 


7.25 REF 
(184.2 MM) 35 / 
(19.1 ММ) 
| .6.50 | 
ve (165.1 MM) Dis ЈИ ToC 
о 87 | o ANSTALL MODULES FROM 
pos | | THIS END | 
--9- © 
|| 
i 7.25 . 
i | 2.750 | | (184.2 MM) E 
eos E < | (69.9 ММ) 0.8 | 21406 
3.856 ҢЕР | Р ден | (20.3 ММ) 6.300 (26.7 ММ). 
{97.9 ММ), СЦ. е 4PLACES . 
vel | A66DIA ` 
е 
[ 
о 3.1 ВЕР | | 3.55 ВЕР 
(78.7 ММ) . £s я 4 : (90.2 ММ) 
1,106 ЖЕ 
э (28.1 MM) -> ТОР VIEW 
MOTHERBOARD 
' * 800 
2 мм ; 
1203 шыл 166 DIA 
(82.5 ММ) (4.2 ММ) 


4 PLACES 


3.248 : 
(82.5 MM) 


06 , 
(15.2 MM) 
TYP.3 PLACES 


-. LOWER FAN MOUNTING TABS THIS SIDE ONLY : 
| 4 PLACES 0.15 T 
(3.8MM) : 


(5 МЕРТ БІЙЕ VIEW ^ - | END VIEW 


4-Slot Piggyback Module Stack and Motherboard 
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RM65-7004E. R RM65-7004NE - _ 4-Slot Piggyback Module Stack and Motherboard 
SPECIFICATIONS 2t | | | As 


| Parameter 
_ RM65-7004E 4-Slot PMS Dimensions UE B на 
Width ` | ал Е | | 4.96 іп. (126 mm) 
Length : жағы PL Bi а 8.00 in. (203 mm) 
‚ Height MA | mE | | | 3.89 in. (99 mm) 


13 oz. (370 g) 


Module Separation | ; | | AE ~ 
Slot 1: Centerline to Inside Тор Cover ie M 0.85 in. (22 mm) 


Other Slots: Centerline to Centerline. . "a | 0.6 in, (15 mm) - 


с RM65-7004NE Motherboard Dimensions Wh dA hd Lr 

‚ Width | | 3.938 in. (100 mm) 
Length | У M | | 2.562 іп. (65.1 тт) 
Height MER hae и | 0.062 іп. (1.6 тт) 

Hole Size и La LINE | 
Uncoded = А 222. 0,037 іп. (0.940 mm) dia. 
A, | | 0.044 in. (1.12 mm) dia. 
B | | та 0.128 іп. (3.25 mm) dia. 


BRES. GND 35 


XN 


~ OTON ononon чочео 
мх 959897595595 Ane е = == = += до ~ оючо чех 2 


,990000000000000000000000000000000000 с). 
0000000000000000000000 00000000006000 А 


STO OS 


190000000 000000 0000000000000000000000]¢ 
| 00000 00000000000 00060000000000000000] ^ 
Ж |оооооооооооооооооооооооооооооооооооо 
UE | 000000000000000000000000000000000000 A|— 
Remensi 
/16000000000000000000000000000000000 


` 2.562 
(65.1 ММ) 


1.600 
400 (40.6 ММ) 


с (10.2 MM): 


081 REF- 
(2.1 MM) 


.219 | 
(5.6 мм) | 


_ 3.662 
(92.0 ММ) 


. 3.938 
(100 MM) 


RM65-7004NE 4-Slot Motherboard (Rear View) 


9-77. 


~ 


Rockwell 


| - RM65-7008 
RM 65 Microcomputer Family 


| _ RM65-7008E АМО RM65- 7008NE 
RM 65 8-SLOT CARD CAGE _ 


RM 65 MICROCOMPUTER MODULES 


The RM65-7008E 8-Slot Card Cage and RM65- 7008NE 8-Slot 
Motherboard is one of the hardware options available for the 
RM 65 Microcomputer Module family. 


RM 65 Microcomputer Module products are designed for OEM 


and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65. systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
ШЫ user's System. 


RM 65 modules. use a motherboard interconnect concept апа ` 


accept any card in any slot. The 64-іпе ВМ. 65 Виз offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 
А set of card cages allows a broad variety of packaging options. 


ВМ 65 products may also be used with Rockwell АМ 65 and - 
АМ 65/40 Microcomputers for product development-and desktop . 


microcomputer applications. | 


PRODUCT OVERVIEW 


The RM65-7008E 8-slot Card Cage consists of an 8-slot RM 65 
Bus compatible motherboard in à card cage. Memory, ИО or 
special functions may be added to the AIM 65 Microcomputer 


by use of the 8-slot card cage. When connected to the AIM 65 . 


Master Module through the Buffer/Adapter Module, the card 
cage may be mounted over, under, or behind the AIM 65 Master 
Module in a variety of orientations to meet unique application 


requirements. The form factor of the 8-slot card cage allows low | 


profile placement in a table top or terminal style enclosure. 


The RM65-7008NE 8-Slot Motherboard is a printed circuit board 
(PCB) less eight connectors, three filter capacitors, two mini- 
terminal strips and eight mounting blocks used to fasten the 
PCB to the card cage. Connectors, mini-terminal strips, filter 
capacitors and custom mounting blocks as needed can easily 
be added to meet unique installation requirements. 


AND MOTHERBOARD 


FEATURES 


8-slot card cage with integral mòdule guides 
Rugged, but lightweight construction, - 
Accepts axial module cooling fan 


Screw-down terminals for connecting external pone! (+5V, 
+12V/+V, -12М/-У, GND) | 


е Predrilled holes for various mounting configurations 
e. Assembled, tested and warranted 


e Removable ре» on motherboard support +12V as well 
ав +V. 


ORDERING INFORMATION 


ШЕТІ No. . mU ULM | Description | 


 RM65-7008E 
| RM65-7008NE 


8-Slot Card Cage 
. 8-Slot Motherboard 


RM65-7008E 8-Slot Card Cage 


Document No. RMA65NO9 


Data Sheet Order №. RM09 
Rev. 3, June 1983 


RM65-7008E е RM65-7008NE | 


'8-Slot Card Cage and Motherboard 


RM 65 Bus Pin Assignments 


Bottom (Solder: Side) `. 


Top (Component Side) 


Signal | Signal | 
Млетопіс: Sighal Name Mnemonic Signal Name 
1a | GND Ground . | +5V +5 Vde 
га | BADR/ Buffered Bank Address BA15/ Buffered Address Bit 15 
3a . GND Ground BA14/ Buffered Address Bit 14 
4a ВА13/ · Buffered Address Bit 13 ВА12/ Buffered Address Bit 12 
5a BA11/ Buffered Address Bit 11 GND . Ground 
6a BA10/ Buffered Address Bit 10 BA9/ Buffered Address Bit 9 
7a BAB8/ Buffered Address Bit 8 ВА7/ Buffered Address ВИ 7 
8a GND Ground BA6/ Buffered Address Bit 6 
9a ВА5/ Buffered Address Bit 5 BA4/ Buffered Address Bit 4 
10a ВАЗ/ Buffered Address Bit 3 GND Ground | 
11a BA2/ Buffered Address Bit 2 ` BA1/ Buffered Address Bit 1 
12a BAO/ Buffered Address Bit 0 вит Buffered Phase 1 Clock 
13a GND " Ground BSYNC Buffered Sync 
‚14а BSO Buffered Set Overflow BDRQ1/ Buffered DMA Request 1 
15a BRDY Buffered Ready GND Ground 
16a иг Увег Ѕраге 1 —12V/-V г —12 Vdc/ -V 
17a +12V/+V +12 Vde/+V · · User Spare 2 
18a GND Ground Line BFLT/ Buffered Bus Float 
19a BDMT/ Buffered DMA Terminate Bgo Buffered External Phase 0 Clock. 
20a | User Spare 3 GND Ground 
21a BR/W/ Buffered Read/Write "Not" BDRQ2/ Buffered DMA Request 2 
22a System Spare ВАМ/ Buffered Read/Write 
23a GND . Ground BACT/ Buffered Bus Active 
24a BIRQ/ Buffered Interrupt Request BNMI/ . Buffered Non-Maskable Interrupt 
25a в@2/ Buffered Phase 2 "Not" Clock GND Ground 
26a Bg2 Buffered Phase 2 Clock BRES/ Buffered Reset 
27а . BD7/ Buffered Data Bit 7. BD6/ Buffered Data Bit 6 
28a GND Ground. > BD5/ Buffered Data Bit 5 
29a BD4/ Buffered Data Bit 4 BD3/ Buffered Data Bit 3 
30a . BD2/ Buffered Data Bit 2 GND Ground К 
З1а BD1/. Buffered Data Bit 1 BDO/ Buffered Data Bit 0 
32a +5V +5 Vde GND Ground . 
MOTHERBOARD CONNECTION AND NOTES 


MODULE INSTALLATION 


Connect power to TB1 and/or TB2. The power lines should be 
long enough to allow the card cage to be oriented and рові- 
tioned as required. 


If both +12V and +V (e.g., +15V) are required, remove 
the soldered jumper corresponding to pin 17a between _ 
receptacle 6 and 7 on the soldered side of the mother- ` 
board. Connect + 12V to TB1 if six or less modules require 
+12\, or to TB2 if more than six modules require -- 12V. 
Connect +V to the other terminal strip. 

WARNING 


The external power supplies must be turned off before 
· connecting to TB1 or TB2. 


If the jumper has been removed and only one voltage is 
required (i.e., -- 12V or +V), connect the power lead to 
both TB1 and TB2. E | 


а. Соппесі --5У Нот ап ежегпа! ромег зиррју 10 ейһег 1ег- 
тіпа! marked “+5”. “+5” is connected to а! --5V pins оп 
all module receptacles. 


d. Connect GND from the +12V/+V power supply to either "G" 
terminal. 


e. Connect —12V/—V from an external power supply to the ter- 
minal marked " — V". "—V" is connected to Pin 16c on each 
module receptacle. 


b. Connect GND from the power supply to either terminal marked | 
"G". Both of these terminals are connected to all GND pins 
on all module receptacles. 


NOTES 


If both —12V and —V (e.g., -15У) are required, remove 
the soldered jumper corresponding to pin 16c between 


c. Connect +12V/+V from an external power supply to the ter- 
minal marked “+ V". “+V” is connected to Pin 17a on each 
-module receptacle. 
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RM65-7008E ө RM65-7008NE _ 


8-Slot Card Cage and Motherboard 


саа 6 апа 7 оп pue сыйга side of the mother- 


_ board. Connect —12V to TB1 if six or less modules require - 3 


—12V ог to TB2 if more than six modules require —12V. 
Connect -М to the other terminal strip. 


If the jumper has been removed and only one voltage is 
required (i.e., —12V or -М) connect the power lead. to 
both TB1 and ТВ2. X | 


f. Connect GND from the -12VJ- -V power supply. to either “G” 


terminal. 


Install the card cage in the desired position. Mou nting holes are 


provided to allow attachment at the top or bottom of the card 
cage. | 


CAUTION 
Adequate cooling must be provided to keep the ТЕМ 


ature of ће installed modules within specified operating — 


~~ limits. 


Install a module in the card cage as follows: 


‘CAUTION = 


Power must be turned off to the card cage motherboard 
before installing a module. 


a. Position the module, component side facing TB1 end, in front 


of the desired card slot. 


_ Card slot No. 1 (slot closest to TB1) has 0.85 inch of com- 
ponent clearance whereas the other fifteen slots are 0.6 inch 
centers. If a module is higher than 0.4 inch above the surface 
of the module, install it in card slot No. 1. 


SPECIFICATIONS 


| Parameter 


8-Slot Card Cage Dimensions 
Width 
Length 
Height 
Module Separation 
‘Slot 1: Centerline to Inside Top Cover 
Other Slots: Centerline to Centerline 


8-Slot Motherboard Dimensions 
Width . 

Length 

Height 


Hole Size 
Uncoded | 
A 
B. 


CAUTION 


Е: + 12V and +V have: been connected to different terminal 


strips (TB1 or TB2), ensure that any modules requiring 
+12V or +V are installed in the slots ео р to the 
proper- voltage. 


. Insert the modüle Into‘the card guide and slide the module 


straight in until it touches the mating motherboard receptacle. 


NOTE 


The card slot guides may be snug on the inserted module. 


; Ensure that. the module connector is positoned properly 


against the mating receptacle. 


CAUTION 


A key is installed in each edge connector receptacle 
between pin 5 and pin 6. Forcing an edge connector. 


module without a corresponding slot in the plug may 


damage the receptacle and/or the module. 


. Press in firmly on the exposed edge of the module unti it is 


firmly seated. 


Remove a module from the card cage as follows: - 


CAUTION 


Remove power from the card cage motherboard before 
removing a module. 


. Lift up on the module ejector tab, if installed; otherwise grasp 


the exposed edge of the module and pull, to release the 
module from the mating receptacle. 


. Pull the module straight back unti! it is free from the card slot 


guides. 


Value 


4.96 in. (126 mm) 
8.00 in. (203 mm) 
6.40 in. (162.6 mm) 


0.85 in. (22 mm) 
. 0.6 in. (15 mm) 


1 Ib. бог. (624 д) 


3.938 in. (100 mm) 
5.725 in. (145 mm) | 
0.062 in. (1.6 mm) - 


0.037 in. (0.940 mm) dia. . 
0.044 in. (1.12 mm) dia 
0.128 in. (3.25 mm) dia. 


РМ65-7008Е • RM65-7008NE ___________8-5/01 Card Cage and Motherboard 


’ 7.25 REF 
(184.2 ММ)  . 75 
(19.1 MM) 
6.50 
(165.1 ММ) | 
О | В ы. О INSTALL MODULES FROM 
| | | THIS END 


2.750 
(69,9 ММ) 


3.856 НЕР 


(97.9 ММ) 4PLACES 


.166 DIA 
(4.2 MM) 


1.106 
(28.1 MM) TOP VIEW 


.)MOTHERBOARD 


166 DIA > 
_ (4.2 мм). 
4 PLACES 


ЕСЕ 
(21.6 ММ) 


496 _ | 
(126 ММ) 0.2 
| (5 ММ) 


ТҮР 7 PLACES 


6.4. 
(162.6 ММ) 


LEFT SIDE VIEW END VIEW 


8-Slot Card Cage Dimensions 
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АМ65-7008Е ө ВМ65-7008МЕ 8-Slot Card Cage and Motherboard 


8-SLOT MOTHERBOARD ASSEMBLY |. . b. Solder the receptacle pin connections to the back of the 


The RM65-7008NE 8-slot motherboard can be assembled using PCB. 
the printed circuit board as follows: 


c. Install three 100 Ша, 25 Мас capacitors from +5V to GND,. 
+V to GND, and —V to GND, from the front of the PCB. Be 
sure to observe correct polarity. 


a. Install up to eight module connectors (receptacles) from the 
front of the PCB. Be sure to observe correct connector ог!- 
entation. The following connectors or their equivalent, may 
be used: 


` d. Solder the capacitor leads to the back of the PCB. 


P196B32RO0KO0K9 Burndy Corporation 


Norwalk, CT 06856 | е. Install one or two Тепе strips to the power supply con- 


eee chee pele Winchester Electronics - nection holes from the back of the РСВ. 
Oakville, CT 06779 | xi 


00-8257-096-649-124 Elco Corporation 
Huntington, PA 16652 


4. Solder the miniterminal strip leads to the front of the PCB. 


BRES. GND  *5 GNO +V GND 


Nhe 


г“ ~ с о 
АЕЕЕНЕЕРЫЫМҮ КҮ: вон. owen чеха 


„20000000 000900000000. 00000000000 ооооо c 
"90000000 оооооооооооооооооооо 00000000 А 


————À = 


190000060 0600000000000000000000000000 | С 


2 А | | 
| 90000 00000 OOO000000000000000000000000]A 
| E 


locut ED с 
1 ОООООООООООООООООООООООООООООООООООО!А 
үт керур | ооо EER | - 
| 100000 QUOS ТОРО ROR DOLD Oe CO. 
| ü 

|000000000000000000000000000000000000 |с 
10000000000000000000000000000 о 


с 


А 


| 4.000 | 
(101.6 MM) 


525 ^ 
| (145.4 MM) 


2.800 


100000000090 0000000000000000000000000 (71.1 MM) 


| ооооооооооооо ооооооооооооооо 00000000 


» 


|000000000000000000000000000000000000|¢ с |(10.2 MM) 
'оооооооооооооооооооооо 000000 00000000 А] — 
а: $ BET 
100000009 OD OOSO з оз | (12.7, ММ) 
1 ооооо ооооооооооооооооооооооооооооо 


(2.1 ММ! 


.219 
(5.6 ММ) 


RM65-7008NE 8-Slot Motherboard (Rear View) 


9-82 


2% 


Rockwell 


НМ 65 MICROCOMPUTER MODULES 
The RM65-7016E 16-Slot Card Cage and RM65-7016NE Moth- 


‚ etrboard are one of the hardware options available for the RM 


65 Microcomputer Module family. | 


RM 65 Microcomputer Modules products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. | 


АМ 65 modules use a motherboard interconnect concept and 
‘accept any card іп any slot. The 64-line RM 65 Bus offers 
memory addressing up to 128K bytes, high immunity to elec- 
trical noise and includes growth provisions for user functions. 


A set of card cages allows a broad variety of packaging options. | 


. RM 65 products may also be used with Rockwell AIM 65 and 
АМ 65/40 Microcomputers for product development and desktop 
microcomputer applications. 


PRODUCT OVERVIEW 


The RM65-7016E 16-slot card cage consists of a 16-slot RM 65 
Bus compatible motherboard in a card cage. Memory, ШО or 
special functions may be added to the AIM 65 Microcomputer 


by use of the 16-slot card cage. When connected to the АМ 65 | 


Master Module through the Adapter/Buffer, the.card cage may 
be mounted over, under, or behind the AIM 65 Master Module 
in a variety of orientations to meet unique application require- 
ments. The form factor of the 16-slot card cage allows low profile 
placement in a table top or terminal style enclosure. 


The RM65-7016NE 16-Slot Motherboard is a printed circuit 
board (PCB) less 16 connectors, two mini-terminal strips, three 
filter capacitors and 16 mounting blocks used to fasten the PCB 
to the RM65-7016E card cage. Connectors, mini-terminal strips, 
filter capacitors, and custom mounting blocks as needed can 
easily be added to meet unique installation requirements. 


Document Мо. RMA65N18 


RM65-7016E 16-Slot Card Cage 
НМ65-7016МЕ “ 16-Slot Motherboard 


. . ВМ65-7016 
. RM 65 Microcomputer Family 


RM65-7016E AND РМ65-7016МЕ 
ВМ 65 16-SLOT CARD CAGE | 
AND MOTHERBOARD 


FEATURES | 

е 16-5101 card cage with integral module guides 

e Rugged, yet lightweight construction . ` 

е Screw-down terminals for connecting external power (--5V, 
+12V/+V, —12V/- V, GND) " : 

e Predrilled holes for various mounting configurations 

e Assembled, tested and warranted 


e Removable jumpers on motherboard support + 12V as well | 
as = V. EMEN | | 


ORDERING INFORMATION | 


RM65-7016E 16-Slot Card Cage 


Data Sheet Order No. RM18 
Rev. 2, June 1983 | 


RM65-7016E • RM65-7016NE 


RM 65 Виз Рїп Assignments. 


. Bottom (Solder Side) 


16-Slot Card Cage and Motherboard 


Top (Component Side) 


Signal `- T. Ме Signal ла i» 
Mnemonic .. Signal Name Mnemonic Signal Name E 
1а GND . Ground | | . 1c +5V +Бу о * 
2a BADR/ Buffered Bank Address 2c BA15/ Buffered Address Bit 15 
3a . GND Ground. 3c ВА14/ Buffered Address Bit 14 
4a BA13/ Buffered Address Bit 13 4c BA12/ Buffered Address Bit 12 
5a BA11/ Buffered Address Bit 11 5c GND Ground 
6a BA10/ Buffered Address Bit 10 . 6c BA9/ Buffered Address Bit 9 
7a ` ВА8/ Buffered Address Bit8 "- 7С ВА7/ Buffered Address Bit 7 . 
8a GND | Ground 8с ВАб/ Buffered Address Bit 6 
9a - · ВАБ/- Buffered Address Bit 5 9c BA4/ Buffered Address Bit 4 
10a ВАЗ/ ‚ Buffered Address ВИ З 10c GND << Ground : 
11а . BA2/ . Buffered Address Bit 2- 11c BA1/ Buffered Address Bit 1 
12a ВАО/ " Buffered Address Bit О _ 122 вд Buffered Phase 1 Clock - 
13a GND Ground 13с BSYNC Buffered Sync 
14a ' BSO Buffered Set Overflow 14c BDRQ1/ Buffered DMA Request 1 
15a BRDY Buffered Ready 15¢ GND Ground | 
‚ 16a ‚ | User Spare 1 16c -12М/-М © —12 Vdc/-V 
г та +12V/+V © +12 Vde/+V 17с у User Spare 2 
18a GND Ground Line (8c | BFLT/  Buffered Bus Float 
19а | BDMT/ Buffered DMA Terminate 19c -BÉO Buffered External Phase 0 СО 
20а User Spare 3 Lud 20c GND Ground . 
21a | BR/W/ Butfered Read/Write ‘ 'Not" 21c BDRQ2/ Buffered DMA Request 2 
22а ео Зузјет Зраге 22c. BRW · Buffered Read/Write 
23а | ОМО Ground . 232 BACT/ Buffered Bus Active 
24a BIRQ/ . Buffered Interrupt Request 24c BNMI/ Buffered Non- Maskable iom 
25a . BØ2/ Buffered Phase 2 “Not” Clock 250 GND Ground 
26a Вй2 Buffered Phase 2 Clock | 26с BRES/ Buffered Reset 
27a BD7/ · Buffered Data Bit 7 | | 276 BD6/ . Buffered Data Bit 6 
28а “| GND Ground | 28с BD5/ | Buffered Data Bit 5 - 
29a BD4/ Buffered Data Bit 4 29с BD3/ Buffered Data Bit 3 
30a BD2/ Buffered Data Bit 2 30с амо Ground 
31a BD1/ Buffered Data Bit 1 31c BDO/ Buffered Data Bit 0 
‚32а с +5У +5 Yop à 32c GND Ground 
MOTHERBOARD CONNECTION AND NOTES - 


MODULE INSTALLATION _ 


Connect pawar t ТВ! and/or TB2. "i power lines should be 
long enough to allow the card cage to be: oriented and posi- 
tioned as 5 required. | 


1. If both -- 12V and +V (e.g., +15V) are required, remove 
the soldered jumper corresponding to pin 17a between 
receptacle 3 and 4 on the soldered side of the moth- 
erboard. Connect --12У to TB1 if three or less mod- 
ules require +12V, or to TB2 if more than three modules 

ЛИТ require +12V. Connect +V to the other terminal strip. 

. WARNING - | MEE Е 

Тһе external power supplies must be turned off before 

connecting to ТВ1 or ТВ2. 


2. If the jumper has been removed and only one voltage 
is required (i.e., +12V or +V), connect the power lead 
to both TBI ane ТВ2. 


а. Connect +5\ from an external power supply to either ter- 
minal marked “+5”. “+5” is connected to all +5V pins on 
all module receptacles. 


d. Connect GND from the +12V/+V power supply to either "G" 
terminal. 


e. Connect -12У/-У from an external power supply to the ter- 
minal marked " - V". " — V" is connected to Pin 16c on each 
module receptacle. 


b. Connect GND from the power supply to either terminal marked 
“С”. Both of these terminals are connected to а! GND ‘pins 
on all module receptacles. 


NOTES 


. If both —12V and —V (e.g., -15У) are required, remove 
the soldered j jumper corresponding to pin 16c between 


c. Connect +12V/+V from an external power supply to the ter- | 
minal marked “+V”. “+V” is connected to Pin 17a on васп 
module receptacle. 
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16-3101 Card Саде and Motherboard 


receptacle 3 and 4 on the soldered side of the moth- 
erboard. Connect —12V to TB1 if three or less mod- 
ules require —12V or to TB2 if more than three modules 


require —12V. Connect —V to the other terminal strip. 


2. If the jumper has been removed and only one voltage 
is required (i.e., —12V or —V) connect the power lead 
to both тв! апа TB2. | 


f. Connect GND from the —12V/-V power supply to either “G” 
terminal. 


Install the card cage in the desired position. Mounting holes are 
provided to allow attachment at the "opio ог bottom of the card 
cage. 


CAUTION 
Ensure that neither the left nor right side of the card cage 


is blocked such that the flow of forced cooling air is . 


impeded. 


Install a module in the card cage as follows: 


CAUTION 


Ensure that power is turned off to the card cage moth- 
.. erboard before installing a module. 


ак Position the module, component side facing TB1 end, in front 
| of the desired card slot. ых | 


Card slot No. 1. (slot closest to ТВ1) has 0.85 inch of com- 


. ponent clearance whereas the other seven slots are 0.6 inch 


centers. If a module is higher than 0.4 inch above the surface — : 


of the module, install it in card slot M 1. 


—— 
| Characteristic 


RM65-7016E Card Cage Dimensions 
_ Width | 

| Length 

Height 


Module етан 
Slot 1: Centerline to Inside Top Cover 
Other Slots: Centerline to Centerline 


RM65-7016NE Motherboard Dimensions 
Width 
Length 
Height 


Hole Size 
Uncoded 
A | 
В 
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CAUTION 


If +12V and + V have been connected to different terminal 
strips (TB1 or TB2), ensure that any modules requiring 
+12\ or +V are installed i in the slots corresponding to the 
proper voltage. 


b. Insert the module into the card guide and slide the module 
straight in until it touches the mating motherboard receptacle. 


| NOTE | 
The card slot guides may be snug on the inserted module. 


c. Ensure that the module connector is. positioned property 
against the mating. pida 


CAUTION 


A key is installed in each edge connector receptacle 
© between pin 5 and pin 6. Forcing ап edge connector 

module without a corresponding slot in the plug may 
- damage the receptacle. and/or the module. 


d. Press in firmly on the exposed edge of the module: until it is 
firmly seated. 


Remove a module from the card cage as follows: 


CAUTION 


Remove power from the card cage motherboard before 
removing à. module. ie 


{ 2 а. Lift up on the module ejector tab, if installed; otherwise grasp | 


the exposed edge of the module and pull, to release the 
module from the mating receptacle. 


Б. Pull the module straight back until it is free from the card slot 


| guides. 


. Val ue 


4.96 in. (126 mm). 
8.00 in. (203 mm) . 
11.20 in. (285 mm) 


2 Ib. 10 oz. (1.20 kg) 


22 0.85 in. (22 mm) 
2 08 in. (15 mm) 


3.938 in. (100 mm) 
10.525 in. (267 mm) 
0.062 in. (1.6 mm) 


0.037 in. (0.940 mm) dia. | 
0.044 in. (1.12 mm) да | 
_ 0.128 in. (3.25 mm) dia. | 
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7.25 REF 


. (184.2 MM) 76 
(19.1 мм) 
650 ` 
(165.1 ММ) | 
fo Да А түсе, СУ О INSTALL MODULES FROM 
"^ THIS END . 
е 


2.750 
(69.9 ММ) 


3.856 REF | 
(97.9 ММ) 4PLACES | à 
| _ 166 DIA 
= (4.2ММ) 
| .Ф 
pug Та | 
o = Це 
- 1,106 КАН а 
(28.1 ММ) TOP VIEW 
MOTHERBOARD 
8.00 
(203.2 мм) — O6 DIA 
(4.2MM) |‘ 


4 PLACES 


0.6 
(15.2 MM) 
TYP 7 PLACES 


11.20 
(285 MM) 


LEFT SIDE VIEW MEM | END VIEW 


16-Slot Card Cage and Motherboard 
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RM65-7016E e RM65-7016NE PENES 16-510 Сага Саде and Motherboard 


16-CONNECTOR MOTHERBOARD | by Solder the receptacle pin connections to the back of the 
ASSEMBLY PCB. | CE m : 
. The RM65-7016NE 16-slot motherboard | can i be assembled as | < | Қ ж 1 "о ре ЖЫМ Да 
| follows: Ж. ы б. Ы Kies с. Install ihre 100 ufd, 25 voc бас tom +5V. to GND, : 
Install up to 16 module anna asanaci from the front 222 +V to GND, апа -V to GND, from the front of the 2 PCB. Be 

“ of the PCB. Be sure to observe correct connector orientation. — sure to observe correct polarity. mI 


a. The following connectors or their equivalent, may be used: 


_ P196B32RO0K00K9 
Winchester Electronics 


| 96S-6033-0531-3 | | 
| | Oakville, CT 06779... .. 
00-8257-096-649-124. · ^ Elco Corporation ^^ 
| Huntington, PA 16652 


BRES. GND +5 GND +V GND ~ 


Wie 


© 
n> ВБ Ала дара EDE. ток оочо чех 


,0000000000000000000000000000000 00000 с. 
| оооооооооооооооооооооооооооооооооосо А 


d. Solder the capacitor leads to the back of the РСВ. 


Manüfacturer 


Burndy Corporation 
‘Norwalk, CT 06856 . 


e. Install one or two mini-terminal strips. to the power supply 
connection holes from the back of the PCB. _ 


Е Solder ће mini-terminal strip leads to the front of the PCB. 


Á- m a en 


1000000000000000000000000000000000000]| © 
1 000000000000000000000000000000000000]| A 
| Р ГД. 
|9000000000000000000000000000000 00000] с 
3 
| | 0000000000000000000000 000000000000001 A 
ттасоооооооооооооооооооооооо с 
7^^n0000000000 


A 


[ооооооооооооооооо о - ; 
13 
[000000000000000000000000000000v..- 


10.525 
(267,3 MM) 


| |0000000000000000000000000000000 00000 c|t10.2 ММ) 
15 | 
assa ddp А А|— 


+5 GND «V GNO- ом 
081 REF 
(2.1 MM) 


. 219 
. (5.6 ММ} 


(100 ММ) 


16-Slot Motherboard (Rear View) 
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_ RM65-7101E 
RM 65 Microcomputer Family 


RM65-7101E 


_ВМ 65 SINGLE CARD ADAPTER FOR AIM 65 - 


RM 65 MICROCOMPUTER MODULES 


The RM65-7101E Single Card Adapter for the AIM 65 Micro- 
computer is one of the hardware options available for the RM 
65 Microcomputer Module family. | 


RM 65 Мегосотршег Module products аге designed for OEM 
and end user microcomputer applications requiring state-of-the- 


art performance, compact size, modular design and. low cost. 


Software for RM 65 systems can be developed т #6500 


Assembly Language, PL/65, BASIC and FORTH. Both BASIC 


and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 module products use a motherboard interconnect con- - 


cept and accept any card in any slot. The 64-line RM 65 Bus 


offers memory addressing up to 128K bytes, high immunity to - 


electrical noise and includes growth provisions for user func- 
tions. A selection of-card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad variety of portable or desktop microcomputer applications. 


ORDERING INFORMATION 


ри ИТНИ 


RM65-7101E 


Single Card Adapter for AIM 65 


| FEATURES | 


Drives one RM 65 Bus- compatible module . 
Provision for power and ground routing 
Extends address, data and control lines 
Pin and socket bus connector 

Fully assembled, tested and warranted 


PRODUCT OVERVIEW 


The RM65-7101E Single-Card Adapter allows one RM 65 Bus 
compatible module to be connected to the AIM 65 Master 
Module, through the AIM 65 Expansion connector. The Adapter 
routes the AIM 65 address, data and control lines from the AIM 
65 Expansion connector pin assignments to the RM 65 Bus pin 
assignments. Drive circuitry is included on the address and data 
lines. 


| RM65-7101E Single Card Adapter for AIM 65 
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Document No. RMA65N03 


Data Sheet Order No. RM03 
Rev. 2, June 1983 


RM65-7101E 


Single Card Adapter for AIM 65 


FUNCTIONAL DESCRIPTION 

The Single Card Adapter interfaces AIM 65 Expansion Con- 
nector signals to an attached RM 65 Bus receptacle. Data and 
address lines are buffered, whereas control lines are directly 
wired. All signals are routed from the AIM 65 Expansion Con- 
nector positions to corresponding RM 65 Bus receptacle pin 


positions. Ground is connected to the interspersed RM 65 Bus 
GND pins. 


The Data Transceivers invert and drive 8- bits of parallel data . 


between the AIM 65 Expansion Connector and the RM 65 Bus 
interface. During a write operation, data received from the AIM 


65 Expansion Connector are driven into the interfacing RM 65 — 


module. During a read operation, data read from the RM 65 
module аге transmitted into the АМ 65. When the RM 65 
module is not addressed, the transceivers are disabled. 


The Address Buffers invert and buffer 16 paralle! address bits 
from the AIM 65 to the connected RM 65 module. The bank 


address line is held high to address Bank 0 (lower 65K) in the 


interfacing RM 65 module. 


Eleven control and timing signals are directly connected between 


the АМ 65 Expansion Connector and the RM 65 module. The ` 


read/write, phase 2 clock, phase 1 clock, sync and reset AIM 
65 output lines are routed directly to the RM 65 receptacle. The 
ready, interrupt request, set overflow and non-maskable inter- 
rupt lines from the RM 65 receptacle. are connected straight 
с through to the АМ 65 Expansion Connector interface. 


A terminal block allows external +5V, +12V/+V, and -12М/-М 
power supplies to be connected as required. An on-board jumper 
allows the +5М for the RM 65 module to originate from the AIM 
65 Expansion Connector or from the external +5V power supply. 


POWER CONNECTION 


+5 VOLT POWER CONNECTION. 
The +5 мой (+БУ) required for the Single Card Adapter can be 


provided from the AIM 65 microcomputer through the АМ 65 


Expansion Connector or directly from an external power supply 

through a connection to the on-board terminal board (ТВ1).. 

Jumper А/В routes the +5V power from the selected source. 
CAUTION. 


Turn off the external power. supply before connecting . 
“power mu to the Single Card Adapter. 
AIM 65 --5У POWER SOURCE CONNECTION 
a. Install Jumper AB i in the A position. 
b. Disconnect the +5V lead of the external power ‘supply from 
the +5V connection on TB1. : 
WARNING 


If the mating RM 65 module draws over 0.5A, the external 
connection to +5V must be used or the AIM 65 Master 
Module may be Сатадей: 


EXTERNAL +5V POWER SOURCE CONNECTION | 


а. Install Jumper А/В in the B position: 


b. Connect ће +5V lead from the аана power supply to the 
: FON connection on TB1. 


c. Connect the ground lead from the external +5V power supply 
to either of the two GND connections on TB1. 


+12V/+V id CONNECTION 


Connection points are provided on TB1 for +12 Мас, or other 
voltages, as required by the mating RM 65 module... 


а. Connect the +12V/+V lead from the external power supply 
to the ТВ! connection marked +15V or +V. This terminal 
is connected to connector J1 pin 17а. 


р. Connect the —12V/—V lead from the external power supply 


to the TB1 connection marked —15V or —V. This terminal 
is connected to connector J1 pin 16c. | 


INSTALLATION 


Before installing the module, inspect for damage and grease, 
dirt, liquid or other foreign material that will affect performance. 


‚ CAUTION 


Prior to module installation, turn off power to the AIM 65 
and, if applicable, the optional external +5V and/or +12V/ 
+V power supply input о the Adapter. 


a. Align pin 1 of J3 on the SCA with pin 1 of the T 
Connector оп: the АМ 65 Master Module сотрогат Sue 
up). | 


© b. Carefully insert the Adapter into the Expansion Connector. | 


c. Press in firmly unti all pins are SEGUI sealed. 


- d. Install the RM 65 module йб: the J1. обо on the 


Adapter using installation procedures described in the doc- 
umentation for the particular module. Ensure that Bank Select , 
switches on the add-on module are positioned to Bank Select 
0 or Bank Select Disable, as appropriate: 


е. Тит оп power ^o the AIM 65 and, if доене: turn on 7 


external +5 Vdc and/or +12V/+V to the SCA module. 


REMOVAL 


_ а. Turn off power to the AIM 65 and if applicable, to the extemal 


+12V/+V power supplies. 


b. Pull the Adapter straight back while moving it slightly from 
side to side to disconnect it from the AIM 65 “Expansion 
Connector. 


ВМ65-77046 


- CONNECT TO АМ 65 · 


EXPANSION CONNECTOR . 


С DATA 
TIMING | 
AND - 
CONTROL 


ADDRESS 


GND 


+5V 


Single Card Adapter for AIM 65 


CONNECT To 
RM65BUS | 
RECEPTACLE ^ 
DATA 


BUS ACTIVE 


AND 


TIMING 
CONTROL 


ADDRESS 


BANK ADDRESS 
GND .. 

+5V 

+12у/+м 


-12V/-V 


Single Card Adapter Block Diagram 


M 65 Bus Pin Assignments 


Bottom (Solder = 


Тор dal onde t 190) 


Signal Signal 
Mnemonic Signal Name Mnemonic Signal Name 


GND Ground 
^ BADR/ Buffered Bank Address 
3a GND Ground 
4a BA13/ Buffered Address Bit 13 
5a BA11/ Buffered Address Bit 11 
6a BA10/ . Buffered Address Bit 10. 
та | ВА8/ Buffered Address Bit 8: 
8a | GND Ground 
9a ВА5/ Buffered Address Bit 5 
10a BA3/ Buffered Address Bit 3 
11a BA2/ Buffered Address Bit 2 
12а | BAO/ ' Buffered Address Bit 0 
13а | GND Ground 
14a ` BSO Buffered Set Overflow 
' 15a BRDY Buffered Ready 
16a. | 4 *User Spare 1. 
17a _ +12М/+У | +12 Мас/+М. 
18а GND Ground Line 
19a BDMT/ . *Buffered DMA Terminate 
20a UP Р *User Spare 3 
21а | BRW) |. Buffered Read/Write "Not" 
22a *System Spare | 
23a GND Ground 
24a |  BIRQ/ Buffered Interrupt Ваш 
25а | в%2/ Buffered Phase 2 "Not" Clock . . 
26a вф2 Buffered Phase 2 Clock | 
27a BD7/ Buffered Data Bit 7 
28a GND Ground 
29a BD4/ Buffered Data Bit 4 
30a | В02/ Buffered Data Bit 2 
31а | ВО. Buffered Data Bit 1 
32a | +5V +5 Мас 


Note: 
*Not used on this module. 


OOOO OOOO O 


9-90 


+ 
3c 
4c 
5C 
6c 
7C 
8c 
9c 


10с. 


T5V +5 Мас. 

ВА15/. Buffered Address ВИ 15 О 
ВА14/ Buffered Address ВИ 14 О 
ВА12/ Buffered Address Bit 12 О 
GND Ground  . 

BA9/ Buffered Address Bit 9 Ще 
ВА7/ Buffered Address Bit 7. О 
ВАб/ Buffered Address ВИ 6. О 
ВА4/ Buffered Address Bit 4 О 
GND Ground 

BA1/ Buffered Address Bit 1 О 
B1 Buffered Phase 1 Clock О 
BSYNC | Buffered Sync. О 
BDRQ1/ | “Buffered DMA Request 1 

GND Ground 

—12\/-У | -12 Vdc/-V 

| *User Spare 2 

BFLT/ *Buffered Bus Float | | 
BO “Buffered External Phase 0 Clock 

GND Ground _ 

BDRQ2/ | "Buffered DMA Request 2 

ВАЛУ Buffered Read/Write О 
ВАСТ/ Buffered Bus Active | 
BNMI/ Buffered Non-Maskable Interrupt | 
амо Ground . 

BRES/ Buffered Reset | о 
BD6/ Buffered Data Bit 6 ИО 
BD5/ Buffered Data Bit 5 VO 
BD3/ . Buffered Data Bit 3 . VO 
GND Ground р 
BDO/ Buffered Data Bit 0 yo 
GND Ground . 


RM65-7101E 


SINGLE CARD ADAPTER SCHEMATIC. 


TS 7 RZ3 ZZKx7 45V 3 
A ВЕ ЕН 
44 PIH p — ПЕЕ О#5и 
АМ | 
сом | 
Ес 


НН Е 


Й 
Балар 
ERIM у 


|| 


Ñ 


272 
яз 23 гуз | 


283 273 | 


745210 m ‘|e 


202 


“ир | #5 wg AS, 
Бор 

| 787 

NOTE: UNLESS OTHERWISE SPECIFIED 

/. REF ASSY OWG /4/0-20/0 


2 PINS (a,3a,S¢, Ва, /De, 3a, 150, (Ва, 20t, 23a 737, 2Жд 30с, 
3Ze SHALL BE COMMECTED TO GROUND. 


3. PINS 1,328. ON EURO CONNECTOR AND PINS Ха Xe, Va, Ye , 
/с,52а ОМ US. CONNECTOR SHALL BE 7/60 TO "SY. 
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7 
64/72 PIAL 


ELKO - US. 


COMM 


RM65-7101E = = Single Card Adapter for АМ 65 


_ AIM 65 Expansion Connector Pin Assignments 


Top (Component Side) | . С i CAE" Bottom (Solder Side) 


Signal | 
Mnemonic Signal Name 


Address Bit 0 
Address Bit 1 
Address Bit 2 
Address Bit 3 
Address Bit 4 
Address Bit 5 _ 
Address Bit 6 
Address Bit 7 
Address Bit 8 
| 


Signal | 
Mnemonic | 7 Signal Name 
Sync 
Ready 
Phase 1 Clock 
Interrupt Request 
Set Overflow - 

_ .Non-Maskable Interrupt 
Reset PEST 
Data Bit 7 
Data Bit6 — 

Data Bit 5 - 
| DataBit4 
-Data Bit 3 - | 
Data Bit 2 
Data Bit 1 
| Data Bit O° 
|. *—12 Мас 

*+12 Мас 
“стр Select 8 
"стр Select 9 
Chip Select А 
+5 Мас © 

` Ground | 


Oman anh Qn = 


Address Bit 9 | 
Address Bit 10 
Address Bit 11 . 
Address Bit 12 
Address Bit 13 
Address Bit 14 
Address Bit 15 © — 
System Phase 2 Clock 
System Read/Write. 
Read/Write “Not” _ 
Test | | 
Phase 2 Clock "Not". 

. RAM Read/Write, . 


N-«xz«cdomguzzrac-crmmoou»r» в 


Мое: | 
* Not used оп this module. 


MATES WITH 


RM 65 
MODULE. | | | | 
| | ! EDGE | EUROCARD 
e RECEPTACLE RECEPTACLE 
| COMPONENT 
| | | — 


[z^ E dm ыг 
HEIGHT 


Module Dimensions 
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RM65-7101E | Single Card Adapter for AIM 65 


SPECIFICATIONS " 


Dimensions (1, 2, 3)_ 


Width 4.4 in. (111 mm) 
Length 3.7 in. (93 mm) 
Height 0.56 in. (14 mm) 


3.0 oz. (90 g) 


Environment 
Operating Temperature 
Storage Temperature 

Relative Humidity 


Power 


Interface | | n 
AIM 65 Expansion Connector 22/44—edge receptacle (0.156 in. ан). 
64-pin receptacle (0.100 sen per DIN 41612 (Row b is not installed) 


_ 0°С to 70°C 
—40°C to +85°C 
0% to 85% (without condensation) _ 


+5V +5% 110 mA (0.55W)— Typical 
200 тА (1.00W)—Maximum 


RM 65 Bus 


Notes: 


1. Height includes the maximum values for. component height above the board surface (0.4 in. for populated modules), — circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include extensions beyond the edge of the module due to connectors. 

3. Dimensions conform to DIN 41612. | 
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RM65-7102E 
RM 65 Microcomputer Family 


 ВМ65-7102Е _ 


ам 65 ІЕЕЕ-488 м ІМТЕНҒАСЕ MODULE 


Rockwell | 


. RM 65 MICROCOMPUTER MODULES 
The RM65-7102E |ЕЕЕ-48 Bus Interface Module is one of the 


hardware opone available for the RM 65 МА меце 3 | 


_ family. 


АМ 65 Microcomputer Module products are designed for OEM си 
and end user microcomputer applications requiring state-of-the- -` 


art. performance, compact size, modular design and low cost. 
Software юг RM 65 systems сап be: developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 


„and FORTH are available іп ROM and can be incorporated into - 


the user's system. 


ВАМ 65 modules use а ево кеда concept and - 


_ accept any. card in any slot. The 64-line АМ 65 Bus offers 
"memory. addressing up to 128K bytes, high immunity to elec- 


^. trical noise and includes growth provisions for user functions. J 
__ A selection of card cages provides packaging flexibility. RM 65 
. products may also be used with Rockwell АМ 65 and АМ _ 
— 65/40 Microcomputers for product development and for a broad- 


variety of portable. ог desktop microcomputer applications. 


PRODUCT OVE ВМЕМ | 


. The RM 65 IEEE-488 Bus Interface Module connects an АМ 


65, AIM 65/40 or RM 65 SBC based system to the IEEE-488 
General Purpose Interface Bus (GPIB). Complete controller, 
talker and listener functions, as defined in the IEEE-488, 1978 
Standard, are implemented. The module also supports extended 
addressing and multiple bus controllers. On-board ROM firm- 
ware implements all 12 functions specified by the interface stan- 
dard. Features not defined in the standard, but also supported, 
include manual talk or listen disable, dual primary addressing, 


and an external trigger line. Switches select the Device Talk/ - 


Listen Address, Enable Dual Primary Addressing Mode, Disable 
Talk, Disable Listen, and System Controller mode. The bus 
interface transceivers meet the electrical specifications of the 
IEEE-488 interface standard. An 8-inch ribbon cable mates the 
IEEE-488 module to the IEEE- 488 bus with a standard 24- -pin 
connector. 


ORDERING INFORMATION 


"Description ей 


RM65-7102E | IEEE-488 Bus Interface Module: 


Ж Description | |( ПИ 


Order №. 


ЕЕЕ-488 Bus Interface Module User's Manual 
(included with RM65-7102E) _ | 


FEATURES 

Compact size —about 4" х буг (1 00 mm. x 160 mm) 
Pin and socket bus connection TM 
RM 65 Bus compatible `- У и 
Buffered address, data and control nen Це 
Listen, talk, and controller functions 
IEEE-488, 1978 standard fully implemented 
Uses TI 9914 GPIB Adapter device = 
‘On-board ROM contains bus protocol and utility firmware 
Switches for 
— Device Talk/Listen Address 
—Disable Talk 
— Disable Listen 
—Enable Dual Primary Addressing mode 
— System Controller 
— Вазе Address to page boundary for /О 
—Bank Selection to one or both 65K banks / 
Jumper for ROM enable/disable 
LEDs show current address register contents 
Supports DMA data transfers | | 
+5V operation | 
Ешіу assembled, tested апа warranted 


RM65-7102E IEEE-488 Bus Interface Module 


Document No. RMA65N13 - 


Data Sheet Order No. RM13 
Rev. 2, June 1983 


“ВМ65-7102Е 


ЛЕЕЕ-488 Bus Interface Module 


| FUNCTIONAL DESCRIPTION 


The Data Transceivers invert and transfer 8-bits of parallel data 
between the IEEE-488 Bus Interface Module and the RM 65 
bus, based on data direction signals from the Base Address 
. Decoder. 


The Address Buffers invert and transfer the 16-bit parallel 
address lines from the RM 65 bus to the Base Address Decoders, 
to the R2332 ROM and to the GPIB Adapter. 


The Control Buffers invert and transfer phase 2 clock, reset, and 
read/write control signals from the RM 65 bus onto the module. 
The interrupt request is buffered and driven onto the RM 65 bus. 


The Bank Select Control circuit detects When the module's | 


assigned memory bank is addressed by comparing the bank 
address signal from the RM 65 bus to the Bank Select and Bank 
Select Enable switches. The Bank Select Enable switch allows 
the board to reside in common memory (both Bank 0 and Bank 
1) or only in the Bank set by the Bank Select switch (either Bank 
0 or Bank 1). 


. The DMA Control circuit allows DMA requests from the TI.9914 
GPIB Adapter device to be driven on the RM 65 bus or disabled 
under program control. This line is jumper selectable for either 
of two DMA request lines on the RM 65 bus. 


The TMS 8914 GPIB Adapter device provides hardware control. 


of the IEEE-488 bus interface, using firmware subroutines pro- 
vided in ROM. All bus interface lines are buffered by the GPIB 
Data and Control Transceivers, 10 conform to the electrical 
specifications of the IEEE-488 Standard. These lines are brought 
out through a cable to a standard IEEE-488 connector. An 
additional connector provides an external trigger output not 
defined by the IEEE-488 Standard. | 


. The System Controller Select circuit allows manual selection 


of System Controller capabilities in multiple controller con- 


Tguretions; 


The GPIB Senis Buffer allows the GPIB Saree Switches to be 
read for Device Talk/Listen Address, Talk or Listen Disable, and . 
Dual Primary Address Mode selection. The GPIB Status Latch 
latches the positions of the GPIB Sense Switches and displays 
them on the GPIB Status Indicators. This allows a visual veri- 
fication of the Device Talk/Listen Address and Operating modes. 


|. ON- BOARD PROGRAM ROM FIRMWARE 


The Base Address Decoder compares the eight most significant E 


address lines to the eight Base Address switches. The ROM 


Disable jumper allows the module to be active in a 4K block _ 
when enabled or active in a page (256 locations) when disabled. E 


significant switches and the ROM is enabled, the Data Trans- 
ceivers are enabled and the bus active signal is generated. 
When this address also matches the four least significant 
switches the GPIB Adapter and I/O are selected. When there 
is no match on the four least significant switches, the ROM is 


’. When an address for the selected bank matches the four most - 


The Program ROM firmware completely supports all 12 Bus 
functions described in the IEEE-488, 1978 Standard, as well as 
features of the TMS 9914 GPIB Adapter device not defined in 


: _ the Standard. These utility functions make both the Bus protocol 
_ and the GPIB Adapter device transparent to the programmer. 


The firmware, organized as subroutines, is linked to the user 


Е ргодгат through a jump table. Many of these routines аге inter- 
 Fupt-driven, to minimize the processor time in servicing the 


module. User-alterable vectors and parameters are located in 
RAM, to allow custom applications. Output data or commands 
for the Bus are handled as tables, easing the set-up and transfer 


- |. of information. Extensive error checking by the utility subrou- 


selected. When the GPIB Adapter and I/O are selected, the four __ 


. least significant address lines, phase 2 clocks, and read/write 


control lines are used to derive register selects for the GPIB. 


. Adapter, device selects for the GPIB Status Latch, GPIB Sense 
Buffers, System Controller Select, and DMA Control Circuits. 

The read/write control lines also determine the direction for the 
Data Transceivers. 
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. .tines allow resident or user-provided error handling routines to 


ensure proper operation of the module, the IEEE-488 Bus and 


status of data transfer. Two self-test routines verify proper 


module operation. 


The firmware is compatible with the input/output functions in the 


AIM 65 Debug Monitor and the AIM 65/40 /О ROM. 


RM65-7102bE . 4 Жас МА | | Шш mE IEEE-488 Bus Interface Module 


EXTERNAL 
TRIGGER 
PINS 


TRIGGER 


DATA 


DATA Е GPIB | 
| TRANSCEIVER DATA DATA 
TRANSCEIVERS + 
BUS ACTIVE 
| T '. TMS 9914 
ADDRESS GPIB 
ADDRESS]. Бока |. ADAPTER ` GPIB , HANDSHAKE 
| 4 DEVICE CONTROL AND 
| н TRANSCEIVERS CONTROL 
DISABLE , | “ | Nae | 
JUMPER’ — 
8... RIBBON ЈЕЕЕ-488 


CABLE... BUS 
CONNECTOR ` CONNECTOR 


‘SYSTEM 
CONTROLLER 


BASE С v. 
ADDRESS 


TIMING ; SELECT 
RM ~ CONTROL . ' DECODER: aram 
CONTROL SUFFERS AE 
E zu SYSTEM .. 
CONTROLLER 
- SWITCH 
BANK SELECT 
А ENABLE 
BANK Fest SWITCH 
ADDRESS uà 2. - 
CONTROL GPIB SENSE 8 GPIB SENSE ` 
BUFFER 


SWITCHES 


M 5 
BANK SELECT TONES 


SWITCH. 


‚ OMA REQUEST GPIB STATUS 


INDICATORS 


GPIB STATUS 


ОМА 7 
CHANNEL 
JUMPER 


CONTROL 


IEEE-488 Bus Interface Module Block Diagram 


9-96 


.RM65-7100E | 


IEEE-488 Bus Interface Module 


IEEE-488 Bus Interface Connector Pin Assignments | 


- Signal 
Mnemonic 


Signal Name 
Data Input/Output 1 


Data Input/Output 2 


Data Input/Output 3 
Data Input/Output 4 
End or Identify 


Signal 
Mnemonic 


Signal Name 
Data Input/Output 5 
Data Input/Output 6 
Data Input/Output 7 
Data Input/Output 8 
Remote Enable 


Data Available | | Ground | 
Not Ready for Data 4 Ground 

Not Data Accepted Ground 
Interface Clear Ground 
Service Request | | 4 Ground 
Attention | | Ground | 
Ground 54. ‘ | Logic Ground 


1 
2 
3 
4 
5 
6 
7 
8 
9 


External Trigger Pin Assignments 


Signal Mnemonic Signal Name Input/Output | 
1 ТАС Trigger Out 
2 GND 3 Ground | 


RM 65 Bus Pin Assignments 


Bottom (Solder Side) Top (Component Side) 


Signal Signal | 
Pin Mnemonic Signal Name Pin Mnemonic Signal Name 
1a GND Ground 1c +5V +5 Мас 
2a BADR’ Buffered Bank Address 2c. BA15/ Buffered Address Bit 15 
За. GND Ground 3c . BA14/ Buffered Address Bit 14 
4a BA13/ Buffered Address Bit 13 4с ВА12/ Buffered Address Bit 12. 
5a ВА11/ Buffered Address Bit 11 5с GND Ground | 
ба ВА10/ Buffered Address Bit 10 6c ВА9/ Buffered Address Bit 9 
7a ВАВ/ Buffered Address Bit 8 Tc  ВА7/ Buffered Address Bit 7 
8a GND Ground ёс ВАб/ Buffered Address Bit 6 
. 9a BA5/ Buffered Address Bit 5 9c BA4/ Buffered Address Bit 4 
10a ВАЗ/ Buffered Address Bit 3 10c GND Ground 
dla BA2/ Buffered Address Bit 2 11с ВА1/ Buffered Address Bit 1 
12a ВАО/ . Buffered Address Bit 0 12c. Bf *Buffered Phase 1 Clock 
13a GND Ground 132 BSYNC *Buffered Sync 
14a BSO *Buffered Set Overflow 14c ВОНО1/ Buffered ОМА Request 1 
15а BRDY *Buffered Ready 15c GND Ground 
16a · *User Spare 1 16c —12V/-V *—12 Vdc/-V 
17a +12\/+\ *+12 Vde/+V 17c | *User Spare 2 
18a GND . Ground Line 18c BFLT/ *Buffered Bus Float 
19a BDMT/ *Buffered DMA Terminate | 19c с Bo ‚ "Вићегед External Phase 0 Clock 
20a МК “User Spare 3 || 20с GND | Ground 
21a BR/W/ Buffered Read/Write "Not" | 210 | | BDRQ2/ Buffered DMA Request 2 
22a | *System Spare 220 | ВАМ Buffered Read/Write 
23a GND Ground | 23с ВАСТ/ Buffered Bus Active 
24a BIRQ/ Buffered Interrupt Request | 24c BNMI/ *Buffered Non-Maskable Interrupt 
25a вй2/ Buffered Phase 2 "Not" Clock | 25с , GND Ground | 
гба . В@2 . Buffered Phase 2 Clock | 26с BRES/ Buffered Reset | 
27а = BD7/ Buffered Data Bit 7 |. 27C .BD6/ Buffered Data Bit 6 
28a GND Ground | 28с BD5/ Buffered Data Bit 5 
29a BD4/ Buffered Data Bit 4 29с . BDY Buffered Data Bit 3 
30a BD2/ Buffered Data Bit 2 | 30с GND Ground | 
З1а BD1/ Buffered Data Bit 1 m Зіс BDO/ Buffered Data Bit О 
32a +5V +5 Vde 32c GND Ground 
Note: 


* Not used on this module. 
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вмв5-10Е —— _ ЛЕЕЕ-488 Bus Interface Module 


SPECIFICATIONS | 
Parameter Т |. 3 | Eun | Vale... 
Dimensions (1, 2, 3) | Tu | | 
' Width . 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 
Height Ё | 0.56 іп. (14 тт) 
5.0 ог. (140 9) _ 
Environment | i | 
Operating Temperature 20 0°С to 70°С 
‚ Storage Temperature . | | ‚ —40°С to +85°С. 
. Relative Humidity . Е bic d 0% 10 85% (without condensation) | 
Power Requirements _ +5 Мас +5% @ 0.65A (3.25W)— Typical 
| | | .1.0A (5.25W)—Maximum 
Interface | | | | 
АМ 65 Bus Interface | . 64-pin plug (0.100 in. centers) per DIN 41612 (Row b not installed) 
- Module 
ИО Interface | | à | E 
Cable Receptacle | 26-pin mass terminated (0.100 in. centers) 
Trigger Connector | | Two vertical wire wrap pins (0.3 in. high on 0.200 in. centers) 


IEEE-488 Bus Interface Cable 


IEEE-488 505 Gonnecion | B. 24-pin mass terminated (2.16 mm centers) with. metric thread lock. 
| | Ка | screws (Amphenol 57 or equivalent) 
Module Connector | Е | 26-pin mass terminated (0. 100 in. centers) 
. Cable Length SD a 8 inches | 
. Type | . | Flat ribbon 
Number of Conduelóre 24 we 


Wire Size aoe | irt #28 AWG 


Notes: | i 

1. Height includes the maximum values for component height above the board Süface (0. 4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does nót include the added extension due to the module Өс: 

3. Dimensions conform to DIN 41612. | 


MATING 
MOTHERBOARD 
AND RECEPTACLE 


6.8 IN. 
“(172 MM) 


—€— 


EUROCARD CONNECTOR 
RIBBON CABLE 


RECEPTACLE COMPONENT AREA 
8.0 IN. fee te RS ir 


HEIGHT 
1ЕЕЕ-488 | | | | 
BUS CONNECTOR ` | EUROCONNECTOR 


EXTENSION 


Module Dimensions 
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АС 


Rockwell 


 RM65-7104E 
RM 65 Microcomputer Family ` 


RM65-7104E | 


RM 65 ADAPTER/BUFFER FOR AIM 65 


RM 65 MICROCOMPUTER MODULES 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be. developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. 


RM 65 Module products use a motherboard interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell's AIM 65 
Microcomputer for product development and for a broad variety 
of portable or desktop microcomputer applications. 


ORDERING INFORMATION 


RM65-7104E | Adapter Buffer for AIM 65 


FEATURES | 


e НМ 65 Bus Compatible 

e Buffered address data and control lines 
e Drives up to 15 modules TE 
e Fully assembled, tested and warranted - 


PRODUCT OVERVIEW 


The RM65-7104E Adapter/Buffer extends the AIM 65 Expan- 
sion Bus from the AIM 65 Expansion Connector to an RM 65 
Bus motherboard that is situated up to 16 inches away. Included 
circuitry permits the Adapter/Buffer to drive up to 15 RM 65 Bus- 
compatible modules. (The similar Cable Driver Adapter/Buffer, 
Part Number RM65-7116, provides the same drive capability for 
applications in which the motherboard is up to six feet from the 
Expansion Connector.) | | 


The Adapter/Buffer consists of an adapter module, a buffer 
module and two 16-inch interconnect cables. Both cables are 
flexible, so the motherboard may be installed in a wide variety 
of locations and orientations relative to the AIM 65. 


 RM65-7104E Adapter/Buffer for АМ 65 


AER RS I BI a ~“ = __-____- 222 - _-_« —___ _ .—_ ~ ~ ___. ЗЕЕ ET SES 22222222224 2422222 52-41 


Document No. RMA65N04 


9-99 


Data Sheet Order No. RM04 
Rev. 2, May 1983 


RM65-7104E 


RM 65 Adapter/Buffer for AIM 65 


FUNCTIONAL DESCRIPTION 


“Тһе Adapter/Buffer consists of two modules and two intercon- - 
nect cables. Тће Adapter module connects to the AIM 65 
Expansion: connector and the Buffer: module cónheots, to an RM 


65 Bus motherboard receptacle. 


The Adapter module transfers data, address and control lines | 


from. AIM 65 Expansion Connector to the interconnect cables. 
The eight data and 16 address lines are routed directly, without 
buffering. The read/write, clock, sync and reset AIM 65 output 
control lines are also routed. directly through the: Adapter. The 
ready, set overflow, interrupt request and non-maskable inter- 
rupt AIM 65 input lines are purara on. the, module. | 


- Two 16-inch 40 сопа uctor flat БОГ cables connect the Adapter 
module io the Buffer module. The cables are mass terminated 


at each end, and are pormaneny attached to the intertácing 


| module. 


The Buffer module buffers and routes. all interface. signals. 


between the interconnect cables and the RM 65 Bus connector 


| Тһе Data Тап енеге. invert аћа drive 8- bits. of рагайе!. data. | 


P" During. a write operation, data received from the cables áre 


driven onto. the RM. 65 Bus. During” a read. ‘operation, data 


received from the RM 65: Bus are driven: onto the. cables. The 
bus active signal enables the Transceivers. When the bus float 
signal is active, the’ Шан аге disabled. | | 


. The Radice Buffers ihved and аңыз 16 parallel address lines | 


from the interconnect cable to the RM 65 Bus. When the bus 
float signal Б active, the Buffers are disabled. 


Jumper E1 selects the source for the bank address line 
(BADR/) —either the buffer module or an external module. When 
the buffer module is the source (position A), the bank address 
line is held high to address Bank 0 (Lower 65K) on the Bus; this 


line is disabled when the bus float line is active. For an external . 
source (position В), the bank address line is not used by the 


buffer module, and must be controlled by another. module on. 


the Bus. 


The seven read/write, clock, sync and reset lines from the 
cables to the bus are buffered by the Control Drivers. А! ofthese 
lines, except reset and phase 1, are disabled when the bus float 


line is active. The ready, set overflow, interrupt. request and поп- 


- Jumper E2 Е the source. for the: DMA Terminate ше 


(BDMT/)—either the buffer module ог ап external module. When 
the buffer module i is the source (position A); the ОМА terminate 
line is held high (inactive). For an external Source (position B), 
the DMA terminate line is not used by the buffer module, and 
must be controlled by another modüle on the bus. | 


| INSTALLATION/REMOVAL 


Installing the Adapter/Bufter 


Before installing the module, inspect for damage and grease, 
dirt, liquid or other foreign material that will affect performance. 


а. Before installing the Adapter/Buffer, turn off power to the AIM 
^. 65 and the’ interfacing RM 65 Bus motherboard. 


b. Configure Jumpers E1 and E2, per the Functional Description. 

c. Align the Adapter module connector J3 pin 1 with the AIM 
„65 Expansion Connector J3 pin 1. | 

d.. Plug the Adapter module onto' the Expansion Connector. 

| Press in firmly on the end of module until all pins are securely 
seated. | | 


| ө. Install connector P1 of the Buffer module. into the desired slot i 
25 өп; the. fune RM 65 Bus motherboard. Е i 


CAUTION | 


D RM 65 "Bus connectors are ке 10 (бей. 

_ improper module connection. If the module does: not - 
insert into the receptacle with moderate pressure 
applied, check the orientation and connector align- 
ment of the module. Forcing the module improperly 
into the receptacle may damage the receptacle and/ 
or the module. 


f. Apply power to the AIM 65 and to the mating RM 65 Bus 
motherboard. 


| Removing the Adapter/Buffer 


a. Turn off power to the AIM 65 and to the RM 65 Bus 


Po mothe rboard. 


b. Lift up on the Buffer module ejector tab to release the module 
from the mating RM 65 Bus receptacle. Pull the module 
straight back until it is free from the card slot guides. 


_ с. Pull back on the Adapter module while moving it slightly from 


maskable lines from the bus to the interconnect t cables are also о. | 


_ buffered бу ne Control Drivers. 
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Side to side until it is free from the АМ 65 Expansion 


PE Connector. 


RM65-7104E ______ _ RM 65 Adapter/Buffer for АМ 65 


Buffer Module to RM 65 Bus Connector Pin Assignments 


Bottom (Solder Side) ии | Top (Component Side) 
Signal Input/ | Signal Input/ 
Mnemonic Signal Name Output Pin Pin Mnemonic Signal Name Output 

GND Ground Ж 1c +5V +5 Мас 
BADR/ Buffered Bank Address О 2c BA15/ Buffered Address Bit 15 О 
GND ` Ground 3c BA14/ Buffered Address Bit 14 О 
ВА13/ Buffered Address Bit 13 O 4c | ВА12/ | Buffered Address Bit 12 О 
ВА11/ Buffered Address ВИ 11 О 5с GND Ground : 
BA10/ Buffered Address Bit 10 О 6с ВА9/ Buffered Address Bit 9 O 
BA8/ | Buffered Address Bit 8 O 7c ВА7/ Buffered Address Bit 7 О 
GND Ground 8c ВАб/ Buffered Address Bit 6 О 
ВА5/ Buffered Address Bit 5 О 9с ВА4/ Buffered Address Bit 4 O 
BA3/ Buffered Address Bit 3: O 10c GND Ground 
BA2/ Buffered Address Bit 2 О 11c BA1/ Buffered Address Bit 1 О 
ВАО/ Buffered Address Bit 0 О 12c | В@1 Buffered Phase 1 Clock О 
амо Ground 13c BSYNC Buffered Sync О 
В5О Buffered Set Overflow | 14с BDRQ1/ *Buffered DMA Request 1 
BRDY Buffered Ready | 15c GND Ground 

*User Spare 1 16c —12V/ -V *—12 Vdc/- V 
+12V/+V *+12 Vde/+V 17с *User Spare 2 
GND Ground Line | 18c BFLT/ Buffered Bus Float 
BDMT/ Buffered DMA Terminate 19c в%0 *Buffered Externa! Phase 0 Clock 

*User Spare 3 : 20c GND Ground | 
ВАЛ . | Buffered Read/Write "Not" ` О 212 | BDRQ2/ *Buffered DMA Request 2 

*System Spare 22с | BR/W Buffered Read/Write 
GND Ground 23c BACT/ Buffered Bus Active 
BIRQ/ Buffered Interrupt Request | 24c BNMI/ Buffered Non-Maskable Interrupt 
Вӣ2/ Buffered Phase 2 "Not" Clock О 25c | GND Ground 
Bó2 Buffered Phase 2 Clock O 26c BRES/ Buffered Reset 
BD7/ Buffered Data Bit 7 /О 27c BD6/ Buffered Data Bit 6 
GND Ground 28c BD5/ Buffered Data Bit 5 
BD4/ Buffered Data Bit 4 yo 29c BD3/ Buffered Data Bit 3 
BD2/ Buffered Data Bit 2 VO 30c GND Ground 
BD1/ Buffered Data Bit 1 | /О | 31c BDO/ Buffered Data Bit 0 
+5\ +5 Мас 32с GND Ground 
Note 


* Not used on this module. 


BUFFER MODULE 


6.8 IN, MATING 
(172 MM) MOTHERBOARD 
| AND RECEPTACLE 


ADAPTER MODULE 


ACCENT NES CABLE 1 


LENGTH 


WiDTH 


HEIGHT 
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RM65-7104E ||| . RM 65 Adapter/Buffer for АМ 65 


Adapter Module to AIM 65 Expansion Connector Pin Aesignmants 


| | |. Top ај Side) n. ет | та , Bottom. ыы Side) 
| Signal | Input. n Signal |. | 
Mnemonic) | Signal Name cai Mnemonic. | Signal Name 


Address Bit 0 
Address Bit 1 
Address Bit 2 
Address Bit 3 
.Address Bit 4 
Address Bit 5 ` 
Address Bit 6 
Address Bit 7. 
Address Bit 8 | 
Address Bit 9 _ 
Address Bit 10 
Address Bit 11 
Address Bit 12 _ 
Address Bit 13 
Address Bit 14 
Address Bit 15 gu 
System Phase 2 Clock 
System Read/Write 
Read/Write "Not". 
"Test = ` 2 
| Phase 2 Clock "Not" | 
"ВАМ Read/Write — 


‚ SYNC. 
· Ready 
Phase 1 Clock : 
Interrupt Request 
Set Overflow . eee > 
| Non-Maskable M is 
Reset = 
Data Bit 7 
Data Bit6 _ 
Data Вії 5 . 
| Data Bit 4 
Data ВИЗ | 
Data Bit2 . 
· Data Bit 1 
Data BitO , 
* —12 Vdc 
*+12 Мас - 
*Chip Select 8 
*Chip Select 9 | 
| Стр Select A ` : 
| +5 Мас. | 
| Ground 


DOnNOo non = 


А 
в 
e. 
D 
E | 
Е 
H^ 
J 
L 
M 
N 
P 
R 
S 
T 
U 
V 
W 
X: 
У 


Note Я 
|“ = Not used on this: module. A 


CONNECT TO 


АМ 65 — — | MAP | T E eh | CONNECT ТО | 
EXPANSION | 


RM 65 BUS 
CONNECTOR BUFFER MODULE | 


ADAPTER MODULE — 
5 xe" жый TWO 16 INCH CABLES 


| BUS ACTIVE 
DATA EN su : 


TRANSCEIVERS DATA 


DATA 


BUS FLOAT 


ADDRESS 
; ADDRESS 


BANK ADDRESS 


скоск | B | 
. AND == CONTROL | | CLOCK 
CONTROL Kr mms BUFFERS AND 
BUFFERS | CONTROL 
| ОМА ТЕНМІМАТЕ 


_ RM65-7104E Adapter/Buffer Block Diagram | 


9-102 


RM65-7104E = 


ADAPTER/BUFFER SCHEMATIC 
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PLUR * Же а RM 65 Adapter/Buffer for AIM 65 


ВМ65-71048 оо ПС ЯМ 65 Adapter/Buffer for AIM 65 
SPECIFICATIONS __ | 


Parameter б E Uu eee 5 л маме 


Dimension (See Notes) - 
Adapter Module | | | А 
^. Width PEE | E -. .. 4,4. (111 mm) 
Length | 22 2.біп. (67 mm) 
Height Уз УШ |. ve * 0.56 іп. (14 mm) 
‘Buffer Module B | Muse m жол 
ЕТ Вы | 222 8.9 іп. (100 тт) | 
Length - Mu А С ke | . 6,8 іп. (160 mm) 
Height ES Бер ST oe guts ds ^ 0.56 in. (14 mm) 


| 7.202. (205 9) | 


Power d ОЙ B E | "Ж +5V + 5% 30 mA (0. 15W)— Typical. 
Adapter Module Bie А | . , B0 тА (0.25W)—Maximum 
CRM | AZ ша 1 | | _ +БМ = 5% 190 mA (0.95W)— Typical 
· Buffer Module - | с ex | | | ue ЧА 330 тА (1.7W)— Maximum 
Environmental | | | жолғы | 
‚ Operating Temperature Е | | 0°С to 70°С 
Storage Temperature -/ О | |. -40'C to 85°С 
Relative Humidity | ии ~ с 096 to 85% (without condensation) 


Propagation Time о NE |. 20 ns—Maximum . 
3 Interface Connectors | E в a CR PER. m 
„АМ 65 Expansion Connector г ^ г 22/44—edge receptacle | 
E | s | | n | x (0. 156 in. . centers) 


RM 65 Bus а iy pt IE и A се 25 -pin plug (0.100 in. centers) per DIN 41612 
| | | „Фа | (Row b is not installed) 


Interface Cables SY x | 
-Number of Cables ^... ||| — Хе EM Two 


Cable Length | | | NN „16 inches 
Type : k^ abe "S Flat ribbon 
Number of conductors per cable | | | 40 P 
Wire Size | ^ | #28 | AWG 


Notes: 

1. The height includes the maximum values for component height above the board Suec (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.) 

2. The length does not include extensions beyond the edge of the mogule due to the connectors or the module теше 

З. Тһе дай Модије dimensions conform | to DIN 41612. | | | 
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А 


Rockwell 


RM65-7116E 
RM 65 Merocompiter Family 


RM65- 7116Е 
АМ 65 САВІЕ DRIVER = 
ADAPTER/BUFFER FOR AIM 65 


RM 65 MICROCOMPUTER MODULES 


The RM65-7116E Cable Driver Adapter/Buffer is опе of the 
hardware options available for the RM 65 Microcomputer Module 
family. 


RM 65 Мегосотршег. Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. | 


RM 65 module products use а maiherpesid interconnect con- 
cept and accept any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
" RM 65 products may also be used with Rockwell АМ 65 Micro- 
computer for product development and for a broad variety ol 
portable or песка microcomputer applications. 


г ORDERING INFORMATION 


LL 


.RM65-7116E | Cable Driver Adapter Buffer for AIM 65 


FEATURES 


e НМ 65 Bus compatible 
e Buffered address data and control lines 
e Drives up to 15 modules 

e Long cable for distances of up to 6 feet | 
e Fully assembled, tested апа warranted 


PRODUCT OVERVIEW 


The RM65-71 16E Cable Driver Adapter/Buffer alend the AIM 
65 Expansion Bus from the AIM 65 Expansion Connector to an 


. RM 65 Bus motherboard that is situated up to six feet away. | 
· Included circuitry permits the Cable Driver. Adapter/Buffer to 


drive up to 15 RM 65 Bus-compatible modules. (The similar 
Adapter/Buffer, Part Number RM65-7104, provides the same 
drive capability for applications in which the motherboard need 
not be more than is inches from the Expansion Connector. ) 


The Cable Driver Adapter/Buffer consiste оға aid driver 
adapter module, a buffer module and two 6-foot interconnect - 
cables. Both cables are flexible, so the motherboard may be 
installed in a wide variety of. locations and oripntanons А 


_ to the AIM 65. 


RM65-7116E Cable Driver Adapter/Buffer for AIM 65 


Document No. RMA65N22 


Data Sheet Order No. RM22 
Rev. 1, June 1983 


RM65-711 бЕ_ 


РОМСТЮМАЕ DESCRIPTION 


The Cable Driver Adapter/Buffer.consists of two modules and 


two interconnect cables. The Adapter Module connects to the 
AIM 65 Expansion connector and the Buffer module connects 
to an RM 65 Bus motherboard receptacle. 


The Cable Driver Adapter module buffers data, address and 
control lines between the AIM 65 Expansion Connector and the 
interconnect tables. 


The Data Transceivers drive 8-bits of parallel даа. During а 


Cable Driver Adapter/Buffer for AIM 65 


write operation, data received from the АМ 65 are driven onto __ 


the cables. During a read operation, data received from the 
cables are driven into the AIM 65. The bus active signal enables 
the Data Transceivers. 


. The Address Buffers drive 16-bits of parallel data from the AIM 
65 onto the cables. 


The Control Buffers transfer thẹ timing and control signals 
between the AIM 65 and the cables. The seven read/write, 
clock, sync, and reset lines are driven from the AIM 65 onto the 
cables. The four ready, set overflow, interrupt request and non- 


maskable interrupt lines are driven from ‘the 425% ото іһе 


_ АМ 65. 


i do 8400: 40 conducti flat ribbon cables annei the Cable | 


| . Driver Adapter module to the Buffer module. Тһе cables аге 
mass terminated at each end, and are e permanently attached to 
the. dixil module. | 


The Buffer module buffers and routes all interface signals 
between the interconnect cables and the RM 65 Виз connector. 


The Data Transceivers invert and drive 8-bits of parallel data. 
During a write operation, data received from the cables are 
driven onto the RM 65 Bus. During a read operation, data 
received from the RM 65 Bus are driven onto the cables. The 
bus active signal enables the Transceivers. When the bus float 
signal is active, the Transceivers are disabled. 


The Address Buffers invert and transfer 16 parallel address 
lines from the interconnect cable to the RM 65 Bus. When the 
bus float signal is active, the Buffers are disabled. 


Jumper E1 selects the source for the bank address line 
(BADR/)—either the buffer module or an external module. When 


D the buffer module is the source (position A), the bank address 


line is held high to address Bank 0 (lower 65K) on the Bus; this 
line is disabled when the bus float line is active. For an external 
source (position B), the bank address line is not used by the 
‘buffer module, and must be controlled by another module on 
the Bus. | | | 


Тһе зеуеп read/write, clock, sync and reset lines from the 
cables to the bus are buffered by the Control! Buffers. А! of 
these lines, except reset and phase 1, are disabled when the 
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bus float line is active. The ready, set overflow, interrupt request 


апа non-maskable lines from the bus to the interconnect cables 
are also buffered by the Control Buffers. 


Jumper E2 selects the source dor the DMA Terminate line 
(BDMT/)—either the buffer module or an external module. When 
the buffer module is the source (position A), the DMA terminate 
line is held high (inactive). For an external source (position B), 
the DMA terminate line is not used by the buffer module, and 
must be controlled by another module on the bus. 


INSTALLATION/REMOVAL 


CABLE DRIVER ADAPTER/BUFFER INSTALLATION 


CAUTION - 


АМ 65 Bus connectors аге keyed to prevent improper 

module connection. If the module does not insert into the 

receptacle with moderate pressure applied, check the- 

orientation and connector alignment of the module. Forcing 
. the module improperly into the receptacle may damage 
c the eee and/or the module. 


a. Before installing the Cable Driver Adapter/Buffer, turn off 
power to the AIM 65 and the interfacing RM 65 Bus 
motherboard. 


b. Configure Jumpers E1 and E2, per the Functional Description. 


c. Align Cable Driver Adapter module connector J3 pin 1 with 
the AIM 65 Expansion Connector J3 pin 1. | 


d. Plug the Cable Driver Adapter module onto the Expansion 
Connector. Press in firmly on the end of module until all pins 
are securely seated. 


e. Install connector P1 of the Buffer module into the desired slot 
on the mating RM 65 Bus motherboard. | 


f. Apply power to the AIM 65 and to the mating RM 65 Bus 
motherboard. 


CABLE DRIVER/ADAPTER/BUFFER REMOVAL 


са. Тит off power to the АМ 65 and to the RM 65 Bus 


motherboard. 


b. Lift upon the Buffer module ejector tab to release the module 
from the mating RM 65 Bus receptacle. Pull the module 
straight back until it is free from the card slot guides. 


c. Pull back on the Cable Driver module while moving it slightly 
from side to side until it is free from the AIM 65 Expansion 
Connector. 


те NEUE 


Cable Driver Adapter[Buffer for AIM 65 


Buffer Module to RM 65 Bus Connector Pin Assignments 


Bottom (Solder Side) 


. Signal E 
Mnemonic | 1 Signal Name 
Ground |. | 
Buffered Bank Address 
Ground: 
Buffered Address Bit 13 
Buffered Address Bit 11. 
Buffered Address Bit 10 
Buffered Address Bit 8 
Ground. 
Buffered Address Bit 5 
Buffered Address Bit 3 
Buffered Address Bit 2 
| Buffered Address Bit 0 
Ground 
Buffered Set Overflow 
Buffered Ready 
*User Spare 1 
+12V/+V | *+12 Vdc/ - V 
GND | Ground Line 
BDMT/ Buffered DMA Terminate 
*User Spare 3 


Buffered Read/Write “Not” 


*System Spare 
Ground ` 


Buffered Interrupt Request . 
Buffered Phase 2 "Not" Clock 


Buffered Phase 2 Clock 
Buffered Data Bit 7 
Ground 

Buffered Data Bit 4 
Buffered Data Bit 2 
Buffered Data Bit 1 

+5 Мас 


Note: — | 
*Not used on this module. 


Top (Component Side) 


Signal | | s 
| Mnemonic | - . Signal мато | 


+5V. +5 Мас `. 
ВА15/ | Buffered Address Bit 15 
BA14/ Buffered Address Bit 14 
BA12/ Buffered. Address Bit 12 
GND Ground 
ВА9/ | 'Buffered Address Bit 9 
BA7/ _. Buffered Address Bit 7 
ВАб/ Buffered Address Bit 6 
BA4 . Buffered Address Bit 4 
GND . Ground : > 
ВА1/ Buffered Address Bit 1 
Bi Buffered Phase 1 Clock 
 BSYNC | Buffered Sync - 
BDRQ1/ *Buffered DMA Request 1 
GND Ground | 
—12V/-V * —12 Vdc/ -V 
*User Spare 2 
Buffered Bus Float 
*Buffered External Phase O Clock | 
Ground 
*Buffered DMA Request 2 
Buffered Read/Write 
Buffered Bus Active 
Buffered Non- Maskable Interrupt 
Ground 
. Buffered Reset : 
Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground | 
Buffered Data Bit О 
Ground 


ооо ОООО ооо 


CABLE DRIVER ADAPTER MODULE 


27 WIDTH 


BUFFER MODULE DIMENSIONS 


MATING ^ 
. MOTHERBOARD 
AND RECEPTACLE | 


6.8 IN. 
(172 MM) 


EUROCONNECTOR 
И | EXTENSION 
EUROCARD CONNECTOR dm 


|. COMPONENT AREA 


HEIGHT [oou ПАЛАЗ ЖЭЙТ ЕЕ 1 
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ВМ65-716Е — жена ша Cable Driver Adapter/Buffer Тог АМ 65 


Cable Driver Adapter Module to АМ 65 Expansion Connector Pin Assignments 


Е Top (Component Side) Ж | | Bottom (Solder Side) 
| | A Signal | прий Signal | при | 
. Pin Mnemonic / Signal Name Output Mnemonic Signal Name Output. 


Address Bit O | 
Address Bit 1 
Address Bit 2 
Address Bit 3 
Address Bit 4 
Address Bit 5 
Address Bit 6 
Address Bit 7 
Address Bit 8 
Address Bit 9 
‘Address Bit 10 
Address Bit 11 
Address Bit 12 
. Address Bit 13 
Address Bit 14 
Address Bit 15 
System Phase 2 Clock 
System Read/Write 
Read/Write "Not" 
*Test 
Phase 2 Clock "Not" 
*RAM Read/Write 


SYNC 
Ready | 
Phase 1 Clock 
Interrupt Request 
Set Overflow 
Non-Maskable Interrupt 
Reset: 
Data Bit 7 
Data Bit 6 
Data Bit 5 
Data Bit 4 · 
Data Bit 3 
Data Bit 2. 
Data Bit 1 
Data Bit 0 
*—12 Vdc 
*+12 Мас 
"Chip Select 8 
"стр Select 9 
*Chip Select A 
4-5 Vdc 
Ground 


со М б) ол ROH -— 


ы<хЕ5<с-оло>Е>Ггхселтптооо>> 


Note: , | | 
|. 7 = Not used on this module. 


CABLE.DRIVER | 3 BUFFER 


‘CONNECT TO ADAPTER MODULE | MODULE 
AIM 65 TWO 6 FOOT CABLES | СОММЕСТ ТО 


EXPANSION | m я . RM 65 BUS 
CONNECTOR | RECEPTACLE 


P BUS ACTIVE 
DATA | 
TRANSCEIVERS DATA 


TRANSCEIVERS BATA 


BUS FLOAT 


| _ ADDRESS ADDRESS 
ADDRESS BUFFERS BUFFERS 


BANK ADDRESS 


CLOCK e | 
NTROL | | 
АМЫ RULES | | | CONTROL ' CLOCK 
CONTROL EM BU FFERS AND 
CONTROL 


DMA TERMINATE 


Cable Driver Adapter/Buffer Block Diagram 
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RMe&7NSE ^. n 


PA. 
6* RIBBON 
CABLE CABLE 


Q-C 


Á 
2. - 


9 "Ыз! 
3 | RDY-C. 
+ | LEQ- 
1; ЊЕ 


РАО-0035-001 


“SHALL BE TIED ТО SNO. 


тер то GND. 


| CABLE DRIVER ADAPTER/BUFFER SCHEMATIC 


MOTE? UALESS OTHERWISE SPECIFIED | 
GQ) PIS 12,320 OM EURO COMLIECTOR AiO PIS 
Жа ИЕ AC 3a OM US. COMMIECTOR SHALL BE FIED TO VY 
_ QU PIS. 1a 3a 560,100, Ia 47%/2а,20с,234,25с, Ра 20,324, 
(D ALL EVEN NUMBER PINS. (2 THRU 40) SMALL BE 


4. ALL CAPACITORS ARE ./O.UF 420%, 5OV . 


Cable Driver Adapter/Buffer for AIM 65 - 


РА 


ма п 
CABLE 


273 
а 745190 а 


| | 2 US EURO - ЖТ 
----------РАЮ-РОЗ2-ООІ-ОП------------- 
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ВМ65-7116Е ==  . Cable Driver Adapter/Buffer for АМ 65 
SPECIFICATIONS m | - ж ы 


Dimensions (1, 2, 3) 
Cable Driver Adapter Module | 
Width eh 4.4 in. (111 mm) 
Length | 5 in. (127 mm) 
Height TRE | 0.56 іп. (14 тт) 
Buffer Module | | | 
Width 3.9 in. (100 mm) 
Length 6.3 in. (160 mm) 
Height \ 0.56 іп. (14 тт) 


1.0 Ib (450 9). 


Ромег У МО mE 
Cable Driver Adapter М Module J 2 +5У + 5% 30 тА (0.15W)—Typical 
E ЈЕ: | 275 mA (0.25W)—Maximum 
Buffer Module = +5V + 5% 190 mA (0.95W)—Typical 
| | 330 mA (1.7W)—Maximum 


Environment . | | | 
Operating Temperature 0°С to 70°С. 
Storage Temperature | . —40°C to +85°C 
Relative Humidity | | 0% to 85% (without condensation) 


Interfaces 
- Interface Connectors NM NL 
AIM 65 Expansion Connector 22/44—edge receptacle (0.156 in. centers) 


RM 65 Bus | 64-pin plug (0.100 in. centers) per DIN 41612 (Row b is not installed) 


Interface Cables _ | | 
Number of Cables Two 
Cable Length . 6 feet 
Type “Flat ribbon 
Number of conductors per cable 
Wire Size 


Notes: 
1. Height includes the maximum values for component height above the board surface (0. М in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 іп.). 2 
‚ 2. Length does not include extensions beyond the edge of the module due to connectors or the module ejector. 
23. Dimensions conform to DIN 41612. 
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Rockwell 


RM 65 MICROCOMPUTER MODULES 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art. performance, compact size, modular design and low cost. 
Software for RM 65 systems can be developed in R6500 
Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are available in ROM and can be incorporated into 
the user's system. . | 


RM 65 Module products use a motherboard interconnect con- 
cept and accepts any card in any slot. The 64-line RM 65 Bus 
offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 
tions. A selection of card cages provides packaging flexibility. 
RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
" broad variety of portable or desktop microcomputer applications. 


ORDERING INFORMATION 


Part No. 
АМ65-71 41 Е 


‚ Description. 
“Adapter Cable and Buffer Module for AIM 65/40 


| RM65- 7141E 
PM 65 Microcomputer Family 


RM65-7141E - 
RM 65 ADAPTER CABLE AND 


BUFFER MODULE FOR АМ 65/40 _ 


PRODUCT OVERVIEW 


The RM65-7141E Adapter Cable End Buffer Module extends the 
АМ 65/40 Expansion Виз from the AIM 65/40 Expansion Con- 
nector to RM 65 Bus motherboard that is situated up to two 
meters (78 inches) away. On-board circuitry permits the buffer 
module to drive up to 15 RM 65 Bus-compatible modules. 


The Adapter Cable and Buffer Module consists of a buffer 
module and a 2-meter interconnect cable. The cable is flexible, 
so the motherboard may be installed in a wide variety of loca- 
tions and orientations relative to the AIM 65/40 SBC module. 


FEATURES 


АМ 65 Bus compatible 

Buffered address, data and control lines 
Drives up to 15 modules 

Long cable for distances up to 2 meters 
Edge connector and Eurocard versions 

Fully assembled, tested. and warranted 


RM65-7141E Adapter Cable and Buffer Module for AIM 65/40 


Document No. RMA65N25 
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Data Sheet Order No. RM25 
Rev. 1, May 1983 


RM65-71 41 Е 


Adapter Cable and Buffer Module for AIM 65/40 


FUNCTIONAL DESCRIPTION 


The RM65-7141E Adapter Cable and Buffer Module consists'of - 


one module and one interconnect. cable. The cable connects to 


the AIM 65/40 SBC module Expansion connector and the module | 


connects to an RM 65 Виз motherboard receptacle.. 


The мо meter 64-conductor flat ribbon cable connects the AIM 
65/40 SBC module to the buffer module. The cable is mass ter- 
minated at each end. One end of the cable connects to the SBC 
module Expansion connector (Euro connector) and the other 
end connects to the buffer module. | 


The module buffers and routes all interface signals between the 
interconnect cable and the RM 65 Bus connector. — 


The Data Transceivers (Z6) invert and drive 8- bits of parallel 
data. During a write operation, data received from the cable are 
driven onto the RM 65 Bus. During. а геад operation, data 
received from the RM 65 Bus are driven onto the cable. The 
bus active signal (BACT/) enables the Transceivers. When the 
bus float signal (BFLT/) is active, the Transceivers are disabled. 


The Address Buffers (Z1 and Z3) invert and transfer 16 parallel 
address lines from the interconnect cables to the RM 65 Bus. 
When the bus float signal (ВИ) is active, je Buffers are 
disabled. | 


Јитрег E1 selects the source for the bank address line 
(BADR/)—either the. AIM 65/40 SBC module or another con- 
trolling module on the RM 65 Bus. When the AIM 65/40 SBC 
module is the source (position: А), the bank address line 
(ВАОН/) is sourced by the АМ 65/40 SBC module; this line is 
disabled when the bus float line (BFLT/) is active. For an external 
source (position B), the bank address line is not used by the 
buffer module, and must be controlled by another module on 
the RM 65 Bus. 


The read/write (BR/W and BR/W/), clock (802, В02/ and B01), 


BSYNC and reset (BRES/) lines from the cable to the bus are 
buffered by the Control Buffers (Z5). All of these lines, except 


the AIM 65/40 SBC module is Ta source (position Ai the DMA | 
terminate line (ВОМТ/ from the АМ 65/40 SBC module is put 

on the RM 65 Bus. For an external source (position. B), the DMA 

terminate line is not used by the buffer module, and must be 

controlled by another module on the bus.. 


INSTALLATION/REMOVAL 


Installing the Adapter Cable and Buffer Module 
Before installing the module, inspect for damage апа grease, 
dirt, liquid or other foreign materials that will affect performance. 


a. Before installing the AIM 65/40 Adapter Cable and Buffer 
. Module, turn off power to the АМ 65/40 SBC module and 
the interfacing RM 65 Bus motherboard. | 
b. Configure Jumpers E1 and E2, per the Functional Description. 
c. Connect the cable Euro receptacle connector onto the AIM 
65/40 SBC module Expansion connector (Euro connector). 
d. Connect the other cable connector onto и module con- 
nector P2. 


e. Install connector P1 of the buffer adik into the desired lot 


BRES/ and 801 are disabled when the bus float line (BFLT/) is . 


active. The ready (BRDY), set overflow (BSO), interrupt request 
(BIRQ/) and non-maskable interrupt (BNMI/) lines from the bus 
to the interconnect cable are also buffered by the Control Buffers. 


Jumper E2 selects the source for the DMA Terminate line 


_(BDMT/)—either the buffer module or an external module. When _ 
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on the mating RM 65 Виз motherboard. 


CAUTION 


.RM 65 Bus connectors are keyed to prevent 
improper module connection. If the module does not 
insert into the receptacle with moderate pressure 
applied, check the orientation and connector align- 
ment of the module. Forcing the module improperly 
into the receptacle may damage the receptacle and/ 
or the module. 


f. Apply power to the AIM 65/40 SBC module and to the mating 
RM 65 Bus motherboard. (Power to the RM 65 motherboard 
is not supplied bv the Adapter Cable and Buffer Module.) 


Removing the Adapter Cable and Buffer Module 


a. Turn off power to the AIM 65/40 SBC module and to the RM 
65 Bus motherboard. 

b. Pull the buffer module straight back until it is free from the 
RM 65 Bus receptacle and card cage slot guides. 

c. Disconnect the cable connector from the AIM 65/40 SBC 
module Expansion connector. 


ВМ65-7141Е - Adapter Cable and Buffer Module for AIM 65/40 


АМ 65 Виз Ріп n Assignments 


Bottom (Solder Side) MES | || Е Тор (Component Side) 
| Signal ` 2 Sa m КЕ 8 | Signal | 
Pin | Mnemonic} 02 - Signal Мате. | МО Type in | Mnemonic Е Signal Мате 
та | омо ` Ground | du AN Power || 1с | +5V | +5 Мас. | | | Power 
га | BADR) | Buffered Bank Address * | О. | 3S TTL 2c | BA15/ Buffered Address Bit 15 О |3S TTL 
За | GND . f Ground | | | Power | Зс | BA14/ Buffered Address Bit 14 O |3S TTL 
4a | BA13/ Buffered Address Bit 13 го | 35 ТГ. 4с | ВА12/ Buffered Address Bit 12 О |35 TTL 
5a | BA11/ Виһегесі Address Bit 11 ^ го | 35 TTL 5с | GND | Ground | 3S TTL 
ба | BA10/ >| Buffered Address Bit 10 О | 3S TTL _ 6c | ВА9/ Buffered Address Bit 9 го | 35 TTL 
7а | ВА8/ Buffered Address Bit 8 О |.3S TTL 7c | BA7/ Buffered Address Bit 7 О | 3S TTL 
8a | GND | Ground Power || 8c | ВАб/ . Buffered Address Bit 6 О |35ТТІ 
да | ВА5/ Buffered Address Bit 5 О | 38 TTL - 9c | ВА4/ Buffered Address Bit 4 O |3S TTL 
10a | BA3/ Buffered Address Bit 3 - 20 | 3S TTL . 10с | GND Ground | Power 
11a | BA2/ Buffered Address Bit 2 О | 3S TTL 11c | BA1/ Buffered Address Bit 1 О |3S TTL о 
12а. | ВАО/ Buffered Address Bit 0 O | 3S TTL |. 12c | ВО Buffered Phase 1 Clock | О | TP TTL 
13a | GND . | Ground Power | 13c | BSYNC Buffered Sync i |35 TTL 
| 14a | BSO | Buffered Set Overflow | | OC TTL 14с | ВОВО1/ |*Buffered DMA Request 1. 
_ 15а: | BRDY | Buffered Ready | | OC TTL 15c | GND Ground "| Power 
16a *User Spare 1 16c | -12V/-V |*-12 Vdc/ -V 
17а | +12М+М |*+12 Vde/+V 17c *User Spare 2 
18a | GND Ground Line Power 18c | BFLT/ Buffered Bus Float | | ОС TTL 
| 19a | BDMT/ Buffered DMA Terminate О Т 19с | В00 *Buffered External Phase 0 Clock | 
‚ 20а *User Spare 3. | 20c | GND Ground — Power 
21а | BR/W/ Buffered Read/Write "Not" О | 38 TTL _ 21c | ВОВО2/ |*Buffered DMA Request 2 
22a ` |'System Spare 22c | ВАМ Buffered Read/Write | О |38ТТІ 
. 23a | GND Ground ` | Power 23c | BACT/ Buffered Bus Active | | OC TTL 
| 24а | BIRQ/ Buffered Interrupt Request | | OC TTL 24с | ВММУ | Buffered Non-Maskable Interrupt | |ОСТТІ 
© | 25a | В02/ Buffered Phase 2 "Not" Clock O|S3STTL. 25c | GND Ground · | Power 
"| 26a | В02 Buffered Phase 2 Clock O | 3S TTL 26c | BRES/ _-Buffered Reset О |ОСТТІ 
27a | BD7/ Buffered Data Bit 7 VO | 35 TTL | 27с | BD6/ | Buffered Data Bit 6 27 VO |35 TTL 
28а | амр Ground Је Ромег 28c | BD5/ | Buffered Data Bit 5 VO 13$ TTL 
29a | BD4/ Buffered Data Bit 4 /О | 3$ TTL 29c | BD3/ Buffered Data Bit 3 VO | 3S TTL 
30a | 8927 “| Buffered Data Bit 2 ти VO | 3$ TTL 30c | GND Ground | Power 
| 31a | BD1/ "| Buffered Data Bit 1 | VO | 3S TTL. 31c | BDO/ Buffered Data Bit 0 VO |3S TTL 
32a | +5V +5 Мас | Power 32c | GND Ground _ |Power 
Notes: | 
* Not used on this module. Signal name reflects RM 65 Bus reserved function. 
CONNECT TO 
AIM 65/40 CONNECT TO 
SBC MODULE 2 M CABLE | АМ.65 BUS — 
EXPANSION о де, RECEPTACLE 
CONNECTOR 
| BUS АСТМЕ | 


DATA 


DATA DATA |. к 
: TRANSCEIVERS РАТА 
BUS FLOAT 
+5V . 
|. ADDRESS 
ADDRESS | ! 
| РЕН ADDRESS 


BANK ADDRESS 


CLOCK | ж 
АМО CONTROL CLOCK 
CONTROL . BUFFERS AND 

| CONTROL 


DMA TERMINATE 


_ RM65-7141E Adapter Cable and Buffer Module Block Diagram 
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| Adapter Cable and Buffer Module for AIM 65/40 
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 RM65-7141E Adapter Cable and Buffer Module for AIM 65/40 
SPECIFICATIONS 


Characteristic па CMM GC E Value 


Dimension (See Nos Я Жж D pe 
Width | 7 | а 100 mim (3.9 іп.) 


Length 160 mm (6.3 in.) 
Height (see Note 1) | 14 mm (0.56 іп.) | 


[ wem T T 


Power (Supplied from RM 65 Bus) 45V + 596 170 тА (0.85 W)—Typical 


_ 270 mA (1.35 W)—Maximum 
. Environment Ex x 


Operating Temperature 
Storage Temperature 
Relative Humidity 


ФС to 70°С 
—40*C to 85°С 
0% to 85% (without condensation) 


Propagation Time (maximum) Қ | А я 35 ns Address Bus 
mE 70 ns Data Bus (ref ВАСТ/) 


Interface Connectors | | | | 
AIM 65/40 Expansion Connector 64-pin DIN connector (0.100 in. centers) per DIN 41612 Шаси with Burndy . 
"y E - RPI9S6B32POA02K9 or equivalent) 


RM 65 Bus 64-pin plug (0.100 in. centers) per DIN 41612 (Row b is not installed) 


Interface Cables 
Number of Cables One . 
Cable Length . | 2т (78 in.) 
Туре Flat ribbon 
Number of conductors per cable 64 
Wire Size #28 AWG SE 
Connectors (Part Number) | . 41 Winchester 965- 6053-0531- 12 or equivalent . 
| | 42 Winchester 645-6053-422-12.. 
T & B Апзјеу 609-641-2 
Cannon 006D64R3BAL ог equivalent. 


Notes: 

1. The height includes the maximum values for component height above the board surface (0.4 in. for populated modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0; 1 іп.). DIEN an additional 19 mm (0.75 in.) for the connector on 
the bottom of the module and cable bend. | 

2. The length does not include extensions beyond the edge of the module due to connectors or the nodu. ejector. 

3. The dimensions ооп to DIN 41612. 


172 MM 


ЕЧ ROCARD 
"VERSION | 


MATING | Бај 
_ MOTHERBOARD 
АМО RECEPTACLE | 


D | EUROCONNECTOR 
PM са | COMPONENT AREA и 


Module Dimensions ' ` 


9-115 


en 


Rockwell 


RM 65 MICROCOMPUTER MODULES 


The RM65-7201E Design. Prototyping Module is one of the 
- hardware options available for the RM 65 Microcomputer Module 
family. | 


RM 65 Microcomputer Module products are designed for OEM | 


and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 


Software for RM 65 systems can be developed іп R6500 - 


Assembly Language, PL/65, BASIC and FORTH. Both BASIC 
and FORTH are: available in ROM and can De Incorporated into 
the users system. = | | 


1 RM 65 module products use a motherboard interconnect con- 
| cept and accept any card in any slot. The 64-line RM 65 Bus 

offers memory addressing up to 128K bytes, high immunity to 
electrical noise and includes growth provisions for user func- 


tions. A selection of card cages provides packaging flexibility. — 
. RM.65 products may also be used with Rockwell АМ 65 and | — 
AIM 65/40. Microcomputers for product development and fora - 


broad variety of portable or desktop microcomputer applications. . 
ORDERING INFORMATION 


RM65-7201E 


Description 


Design Prototyping Module. 


RM65-7201E | 
RM 65 Microcomputer family 


Е = RM65-7201E _ | 
RM 65 DESIGN PROTOTYPING MODULE 


FEATURES 


Provision for mounting mass-terminated cable connectors 
All wire-wrap holes pre-drilled on 0.100 in. centers 
Provision for installing decoupling capacitors ^ 
Spacing for 0.300, 0.400 and 0.600 in. wide components 
+5V and ground extended. throughout the module 
Isolated power strips allow connection to other supply voltages : 


PRODUCT OVERVIEW. 


The RM65-7201E Design: Prototyping Module allows you to 
develop custom application с circuits for installation in any RM 65 


| motherboard. 


B Power: and return lines are вова throughout the module. . 
4 Plated-through holes, spaced beside the power lines, permit 
 wire-wrap sockets to be installed. The hole pattern allows manual . 


or automatic wire-wrapping. The holes at the /О end of the 


module accept a variety of wire-wrap flat ribbon cable connec- | 


tors. Additional predrilled holes permit mounting of decoupling 


capacitors. 


Document No. ВМА65М06 | 
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_ВМ65-7201Е Design Prototyping Module 


Data Sheet Order Мо. RM06 
Rev. 3, August 1983 


Compact size—approximately 4" х 614" (100 mm x 160 тт) | : 


ign Prototyping Module 


Des 


г. 
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-5V 
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CONNECTOR 
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РТ. 


Е/Т 
Component Side 


F/T 


F/T 


‚ +Ф5М 


+5М | 


*5V | 
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32с 


32а, 


ROUGH 


_БЕЕОТН 


ISOLATED POWER STRIPS 


FEEDTHROUTH HOLES 


| = 
Е/Т 


Note 


HOLES TO GND 


Wirewrap Side 
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АМ65-7201Е | Design Prototyping Module 


RM 65 Bus Pin Assignments . 


Borom Cors a) 


Signal | pop 
Mnemonic uu 


GND 
BADR/ 
GND 
‚ BA13/ 
^5 BA11/ 
BA10/ 
ВАВ/ 
| GND 
г ВАБ/ | 
ВАЗ/ - 
‘BAZ 
BAQ | 
` GND 
_ BSO 
_ BRDY 


‘Signal Мате - 


Ground ` | 
Buffered Bank Address 
Ground 
а  Buffered ‘Address. Bit 13 
| Buffered Address Bit 11 
_ Buffered Address Bit 10 
| _ Buffered Address Bit 8. 
Ground = | 
. | . Buffered Address Bit 5 
|^ Buffered Address Bit 3 
Buffered Address Bit 2 
4 _ Buffered Address Bit 0 
|=. Ground . 
Buffered Set Overflow . 
|. Buffered Ready 
| User Spare 1 
+12. Vdc/ +V 
Ground Line “| 
Buffered DMA Terminate | 
_ User Spare3 2 
.. Buffered. Read/Write "Not" 
s System Spare | 
Ground ` 
Buffered Interrupt Request 
Buffered Phase 2 "Not" Clock 
Buffered Phase 2 Clock 
Buffered. Data Bit 7 
Ground : 
Buffered Data Bit 4 
Buffered Data Bit 2 
Buffered Data Bit 1 
+5 Мас 


Б ДЈ i 


INSTALLATION 


Before installing the module, inspect for pem and grease, 


a. 


po es +12/+М, ог -12\/- 


_ dirt, аша o or other г foreign. Materials that will alee performance. 


Solder j jumpers between the i&ólated power strips and the | 


У) traces as required. 


“CAUTION _ 


Before proceeding, ensure that the Да strips. are not 
shorted о GND. | г 


Solder power filter capacitors a as srequied| between фер ромег р 


strips and: ра 


instal a and v wire > components o on the Design Prototype Module: p 


%. Insert wire-wrap Socket 1 into. the азаб holes. Solder 
мо. pins (оп opposite ends of the socket). to the associ- - 


ated fgedthrough to hold the socket i in place. 


2. Insert the solder stakes for mounting of disçrete compo- | 


. nents, power connection and test points into the. desired 
holes and solder to the associated feedthroughs. 


3. Insert and solder individual or strip stakes into ДӘННЕН 


holes for а! RM 65 bus signals used on the module. 
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Top soto add side) | 


Signal” 


Mnemonic | _ Signal Мате 


ЖЕНА) ЖЫ 
. Buffered Address Bit 15 
· Buffered Address Bit 14 
~ Buffered Address Bit 12 
Ground’ 
| Buffered address Bit 9 
‚| _ Buffered Address Bit 7 
Eos Buffered Address Bit 6. 
. Buffered Address Bit 4 
_ Ground ue 
Buffered ‘Address Bit 1 
|. Buffered Phase 1 Clock 
: Buffered Sync. Е 
Buffered DMA Де ра 1 
Ground. и 
| ~12 Мас. -M 
User Spare 2. 
| Buffered Bus Float 
Buffered. External Phase 0 Clock 
~ Ground 
| Buffered ОМА Request 2 
Buffered Read/Write 
Buffered Виз Active 
Buffered Non-Maskable Interrupt 
Ground | 
Buffered Reset 
Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground 
Buffered Data Bit 0 
Ground 


4. Wire wrap wires betWeéh the protruding pins and other 


pins or Epon GNP traces as required. 


$ Double check He hookup to ensure proper connection. 


у de : 


CAUTION - 


‘Ensure that no power lines are shorted to GND before 
| installation into the'RM 65 bus. ‘Shorting power to ground 

„тау damage your circuitry, module, power supply and/or 
_ Interfacing modules unless ! рораг current limiting protec- 
- tion: is provided. 


е. Install components into sockets; as required 


И Remove, power from the RM 65 bus. 


CAUTION r | 


| Мемег install or remove modules with power on—it may 


cause damage to your module ши host system. 


Insert the module in the RM 65 Bus motherboard or single 


card adapter receptacle. 


‚ Apply power to the RM 65 bus. 


| RM65-7201E EF к Pu B " Design Prototyping Module 


SPECIFICATIONS | | 


Dimensions (1, 2 3) 6 MES | : 
Width | “Сы 22 391. (100 mm) 
Length | 6.3 in. (160 mm) 
Height 0.56 in. (14 mm) 


| Wegm 1 25040659) NE E 
, RM 65 Bus Interface | | | i im (em MUNDUS | 


Component Mounting Area: 
Number of Component Hole Columns: 
Number of Component Hole Rows: 
Number of 4-5V power strips: 
Number of isolated power strips: 
Number of ground strips: 
Vertical hole spacing: 0.100 in. 
Horizontal hole spacing: 0.100 in. 


Notes: i | | | 

1. Height includes the maximum values for component height above the board surface (0. 4 іп. (ог populated modules): printed c circuit board . 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). RO h 

2. Length does not include the added extensions due to the module ejector. 

3. Dimensions conform to DIN 41612. 


6.8 IN. MATING . 
(172 MM) | MOTHERBOARD . 


Е ‚ AND RECEPTACLE 
— 


EUROCARD CONNECTOR 
COMPONENT AREA 


WIDTH 


HEIGHT (алам аймақ Са ај 


EUROCONNECTOR 
EXTENSION 


Module Dimensions 


dup" 


ВМ65-7211Е 
RM 65 Microcomputer Family 


.RM65-7211E 


_ RM 65. EXTENDER MODULE 


Rockwell 


RM 65 MICROCOMPUTER MODULES 
The RM65-7211E Extender Module is one of the hardware 
options available for the RM 65 Microcomputer Module family. 


RM 65 Microcomputer Module products are designed for OEM 
and end user microcomputer applications requiring state-of-the- 
art performance, compact size, modular design and low cost. 
Software for RM 65 systems сап be developed іп R6500 
Assembly Language, PL/65, BASIC. and FORTH: Both BASIC 
and FORTH are available in ROM and сап be ымды into 
ine: users system. 


RM 65 module. products use a 1 motherboard interconnect con- 
cept and accept any card in any slot. Тһе 64-line RM 65 Bus 
ш offers memory. addressing up to 128K bytes, high immunity to 


electrical noise and includes growth provisions for user func-. 


. tions. A selection of card cages provides packaging flexibility. 

RM 65 products may also be used with Rockwell AIM 65 and 
AIM 65/40 Microcomputers for product development and for a 
broad уау of portable ог desktop ТЕСОРО вл applications. 


ORDERING INFORMATION 


RM65- 721 1E Extender Module 


FEATURES 


e Extends all RM 65 Bus Lines . 
e Terminals юг GND and +5М _ 
• Assembled, tested and warranted 


PROD UCT OVE RVIEW 


The RM 65 Extender Module physically. extends a | module that 
is electrically connected {о ап RM 65.motherboard. This sim- 
рез signal tracing and troubleshooting by providing access to . 


һе module outside of its card cage or enclosure. 


г, The RM 65 Extender Module consists ofa series of bus lines 
connecting the RM 65 connector plug оп one end, to an RM 65 . 
compatible connector receptacle on the other end. The lines are 


connected логи between the plug апа receptacle. 


RM65-7211E Extender Module 


Document No. RMA65NO07 


Data Sheet Order No. RM07 
Rev. 2, June 1983 


2.08 zi 


2 Bottom (Solder aie) 


| Signal | | | | 
n | Mnemonic. E Signal Мате 
"Ла | амр. · Ground 
га | BADR/ | Buffered Bank Address 
| За | Әмр. un Ground 
2 4а | _ ВА13 - © .Buffered Address Bit 13 
Ba | ВАТ/ __ | Buffered Address Bit 11 
6a ‚ . BA1Q/. Buffered Address Bit 10 
P 7а |  BA& - Buffered Address Bit 8 
2 8a емо | Ground 
^ да | BAM ' Винегед Address Bit 5 
10а | ВАЗ ‚ Buffered Address Bit 3 
Ма |. BAJ -Buffered Address Bit 2 
12a | ВАО | Buffered Address Bit 0 
. 13a . . GND | Ground | 
14а | 850 Buffered Set Overflow 
15a ^ BRDY · Buffered Ready 
16a s | User Spare 1 
17a - +12М/+М +12 Vdc/ * V 
18а 2 GND Ground Line | 
г. 19а | BDMT/ Buffered DMA Terminate 
20а — User Spare 3 
21a BR/W/ Buffered Read/Write "Not" 
22a . System Spare 
23а . амо Ground 
24a г BIRQ/ |. Buffered Interrupt Request 
25а | | BØ2/ Buffered Phase 2 "Not" Clock 
26а | Bf? Buffered Phase 2 Clock 
27а ` BD7/ __ Buffered Data Bit 7 
.28a | ОМО Ground 
29a |. BD4/ Buffered Data Bit 4 
30a |  BD2/ | Buffered Data Bit 2 
31a — .. BD1/ Buffered Data Bit 1 . · 
32a . QUEBM M +5 мас. 
И INSTALLATION - 


| "Before installing the module, inspect for damage and grease, 
dirt, liquid or other Toren materials that will affect performance. 


Е а Turn power off to the RM 65 bus. 


CAUTION 


ма install or. remove modules with power. on—it may 
cause damage to the host system or me modules being 
„connected or disconnected.. | 


с. 


"ug 


iB. Remove module to be extended from the RM 65 card cage | 


(if Brent 
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` RM 65 Bus Pin Assignments - 


. Signal 
Mnemonic 


insert the Extender Module in a vacant card slot in the card | 


Extender Module 


Top (Component Side) 


Signal Name 
+5 Мас 


Buffered Address Bit 15 · 
. Buffered Address Bit 14- 


Buffered Address Bit 12 
Ground: . 

Buffered Address Bit 9 
Buffered Address Bit 7 
Buffered Address Bit 6. 
Buffered Address Bit 4 
Ground | 


‚ВиНегеа Address Bit 1 


Buffered Phase 1 Clock | 
Buffered Sync | 
Buffered DMA Request 1 
Ground 

—12 Vdc/ -V 

User Spare 2 

Buffered Bus Float 


Buffered External Phase 0 Clock 


Ground 
Buffered DMA Request 2 
Buffered Read/Write 


Buffered Bus Active 
‚ Buffered Non-Maskable Interrupt 


Ground 


` Buffered Reset 


Buffered Data Bit 6 
Buffered Data Bit 5 
Buffered Data Bit 3 
Ground 


Buffered Data Bit 0 
. Ground 


cage and connect it to the со 


Connect the module to be extended to J1 of the Extender 
Module. 


CAUTION 


Ве sure the extended module is properly supported to 
prevent damage to the module and/or the Extender 
. Module. 


. Apply power to the RM 65 bus. 


RM65-728E . | m E | . Extender Module 


SPECIFICATIONS 


Dimensions (1, 2,3) - | | МЕ Ое 
Width | 3.9 in. (100 mm) 
Length 7.4 in. (187 mm) . 
Height | . dr 4 0.56 іп. (14 тт) 


232 2 (90 9) 


Interface Connectors. | | | | сит 
АМ 65 Виз | К | | 64-ріп plug (0.1 9) in, centers) per DIN 41612 (Row b is not used) 


RM 65 Module ӘКЕТТІ 64-ріп plug (0. 100 іп. centers) per DIN 41612 M b is not used 


Notes: | | | ала 

1. Height includes the maximum values for component height above the board surface (0.4 in. for popularen modules), printed circuit board 
thickness (0.062 in.), and pin extension through the bottom of the module (0.1 in.). 

2. Length does not include the added extension due to the module ejector. 

3. Dimensions conform to DIN 41612. | | 


MATING 
MOTHERBOARD 
AND RECEPTACLE 


| а NES 


 EUROCARD CONNECTOR 


WIDTH 


HEIGHT 


BI 


ЕЗІ n—— 


EXTENSION 


Module Dimensions 


9-122 


| A SECTION 10 
INTEGRAL MODEMS 


Ges CORSO" а Раде 
| Product Family Overview АН ЕИ пр E а: 
m я High Speed | : | | сар Ж 
|. НОФҒАХ 9600 BPS Facsimile Мойет............. por 10-9 — 
_ R96DP 9600 BPS Data Pump Модет..... -.............................:.... 10-13 
_ ВобЕТ 9600 BPS Fast Train Мойет................. "ARM тты . 10-26 
V96P/1 9600 BPS Modem ......................... bi. рана M . 10-28 
R48DP 4800 BPS Data Pump Modem. РТРК кке И ЕР 10-36 
V27P/1 4800 BPS Modem ........... "e за nad EU ТЕТІ 10-49 
Low to Medium Speed | | | | 
R1212 1200 BPS Full Duplex Modem .............. CX ET bof dec 10-56 
R2424 2400 BPS Full Duplex Modem .......... ТИЯ РИЯ ОТТА . 10-70 | 
R24DC 2400 ВР$ Direct Connect Modem ..... DEEP 10-84 
R24LL 2400 BPS Leased Line Modem .................... ПТ Е Те 10-92 
R24 2400 BPS Integral Modem ............................................ 10-101 
‚ Modem Interfacing Products | 
R24MEB Modem Evaluation Board ........................ ON NN ME 10-109 


RDAA Rockwell Data Access ырады Module ...... кет бр лы бла p Ud d 10-111 
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INTEGRAL MODEMS 
Highest Quality, Performance at Competitive Cost. 


Rockwell International’s high-speed integral modem 
subsystems offer better performance and greater reliability 
than any others. They're also more cost effective and are 
optimized to match more applications than others. That's 
why Rockwell produces more high-speed. integral ӨЧӨ 
subsystems than any other company. | 

The chances аге, if you're using а high-speed box 
modem, a Rockwell subsystem is in it. Practically every 
facsimile machine uses our modems. Rockwell is, by far, 
the leading supplier to Japanese facsimile machine 
manufacturers. With 99.6% of our subsystems accepted by 
incoming inspection, we have documented an MTBF of 
200,000 hours, or about 23 years between service calls. 

As for performance, our modems don't lose а bit in а 
million, even over long distance lines of the commercial 
telephone network. Much of this is because of our signal 
processing capabilities, equalization and diagnostics. 

Builtin diagnostics, such as eye pattern and mean 
. squared error, allow thorough modem testing. Several 
Stages of equalization permit accurate transmission over 
even unconditioned lines. In fact, adaptive equalization, 
which compensates for phase shifts and frequency delays, 
was originated in modem technology under a basic patent 
owned by Rockwell. 


Rockwell Integral Modem Subsystems Lead The Industry 


1973 


MTBF (Thousand Hours) 
ACCEPTANCE (96) 
CARD SIZE (Sq. In.) 


Much of modem technology came from Rockwell 
International. Our first modems date back to vacuum tube 


versions in 1955. We made the first LSI integral modems in 


1969. Today, we cover all speeds from 1200.to 9600 фра, 
with а 14,400 bps model to be announced. По. 
Our newest third-generation LSI family members are 
designed to be addressed as microcomputer peripherals, 
thus simplifying design and reducing costs of the host 
equipment. They're on interchangeable cards, small 


‘Eurocard sized, so you can switch communication speeds 


, Without expensive design changes. 


10-2 


And, they're optimized for specific applications—for box 
modems and statistical multiplexers, for facsimile | 
equipment, for use in multi-point system terminals, etc. 


They're also low in price and readily available. Being ше | n 


largest manufacturer lets us pass our advantages on to our 
customers. We offer the best cost/performance modem 
subsystems, with the highest reliability. There's no one else - 
close. | : 


1983 


Reliability 
(MTBF) 


Rockwell 


_ R96FAX | 


же Taa Integral Modems 


` Re6FAX- 


9600 BPS FACSIMILE MODEM 


PRELIMINARY 

INTRODUCTION FEATURES 

The Rockwell R96FAX is a synchronous serial 9600 bos modem е Ultimate User Compatibility: 

designed for operation over either dedicated unconditioned lines — ССІТТ V.29, V.27 ter, T.30, V.21 Channel 2, Т. 4, i. 3 
or over the general switched telephone network. e Group Ш and Group | Facsimile 

| | • Half-Duplex (2-Wire) 

The modem satisfies telecommunications requirements specified * Programmable Tone Generation and Detaction 

in CCITT Recommendations V.29 and V.27 ter, and of Recom- е Dynamic Range -43 dBm to 0 аВт 

mendations T.30, T.4 and T.3. е Diagnostic Capability 

| ! | е Equalization: 

Тһе R96FAX is specifically optimized for use in Group И! — Automatic Adaptive 

Facsimile machines with the added capability of Group II — Compromise Cable (Selectable) 

compatibility. The small size and low power consumption of the — Compromise Link Amplitude (selectable) 

modem offer the user flexibility in creating а 9600 bps modem * DTE Interface: 

design customized for specific packaging and functional — Microprocessor Bus 

requirements. — ССІТТ V.24 (RS-232-C Compatible) 
| | • Small Size — 100 mm x 65 mm (3.94 x 2.56 inches) 
The modem is capable of operating at 9600, 7200, 4800, 2400, * Low Power Consumption (2 Watts, Typical) 

and 300 bps. е Transmit Output Level (+ 5.5 dBm +0.5 dB) 


TTL and CMOS Compatible 


`+. 
аннын В 3 


R96FAX Modem | 


| Data Sheet Order No. МО06 
November 1983 


Document No. 29200N06 
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Rev.1 


| RO6FAX _ 


9600 bps Facsimile Modem 


TECHNICAL SPECIFICATIONS 


The following are the technical и specications A for. the АЗВРАХ 
modem. | = 


TRANSMITTER TONAL SIGNALING AND CARRIER 
FREQUENCIES 


The transmitter tonal signaling and carrier Ена аге given 
in the following tables: | 


Т. 30 Tonal Signaling Frequencies 


Specification 
(Hz t 0.5 10 


‚ Frequency Type | 


Calling Tone (СМО) 

Answer Tóne (CED) 

Group Il Identification (C12) 
° Group ІІ Command (GC2) 

. Group | Confirmation (CFR2, МСЕ2). 

Line Conditioning Signal (LCS). 

End of Message (EOM) 
|. Ргоседиге Interrupt (PIS) 

A Frequencies | 

9 ЕГ ` Specification 
Frequency Type (Hz + 0.5 H2) 


Т.З Carrier (Group 11) 
\.27 ter Carrier | 
V. 29 Carrier. 


TONE GENERATION | 


Under control of the host processor; “the ROGFAX can ‘generals | 


voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 


. forming a 4-point structure. . 


is divided into three bits (tribits) forming ап 8- cu structure. 
At 4800 bps, the data stream is. divided into. two bits (dins) 


Ка : ; 
ИН 


СА 1600 baud, the 4800 Брз даа stream is encoded into otrbits 


an accuracy of 0.0196. Tones over 3000: Hz are attenuated. за 2 


"ТОМЕ DETECTION - 


In the 300 bps FSK receive configuration; the presence of i tónes m 


at preset frequencies is indicated by bits in theinterface memory : Ма v 


of the R96FAX. The frequencies and тр? тау ђе altered, A _ 


by the user ма Microprocessor control. 


SIGNALING AND DATA RATES 


The signaling and data rates for the ROGFAX are defined in the a 


table below: 
ЕСІГІ Rates · СА 
| | | ~ Specification | 
(+ 0:01%) . 
2400 Baud 
7 < 9600 bps, | 
‚ 7200 bps, 
| 4800 bps 
^. 1600-Ваца 
. 4800 Брз . 
2221200 Baud | 
2400 Брз : 


Parameter 


Signaling Rate: 
Data Rate: 


Signaling Rate: 
Data Rate: 


Signaling Rate: 
Data Rate: 


DATA ENCODING 
At 2400 baud, the data stream is encoded per CCITT V.29. At 


9600 bps, the data stream is divided in groups of four-bits (quad- · 


bits) forming a 16-point structure. At 7200 bps, the data stream 


per CCITT V.27 ter. 


At 1200 baud, the 2400 bps data stream is еб intó dibits 
per CCITT V.27 ter. 


EQUALIZERS 


The R96FAX provides equalization functions which can а ивесі 
to improve performance when operating over poor. lines... 


Cable Equalizers — Selectable compromise cable equalizers 
are provided to optimize performance over different engins of 
non-loaded. cable of 0.4 mm diameter. 


Link Amplitude Equalizer — The selectable compromise 
amplitude equalizer may be inserted into the transmit and/or 
receive paths under control of the transmit amplitude equalizer 
enable and the receive amplitude equalizer enable bits in the 
interface memory. The amplitude select bit controls which of two 
amplitude equalizers is selected. | у 


Automatic Adaptive Equalizer — An automatic adaptive 
equalizer is provided in the receiver circuit for V.27 and V.29 
configurations. The equalizer can be configured as either a T 
or a T/2 equalizer. 


TRANSMITTED DATA SPECTRUM 


If neither the link amplitude nor cable equalizer is enabled, the 


. transmitter spectrum is ‘shaped by the following raised cosine 
filter functions: ` 


1. 1200 Baud. бйле тоо! of 90 percent 


:2. 1600 Baud. Square root of 50 percent 
3. 2400 Baud: | Square. root of 20 percent 


The out-of- band transmitter -power limitations meet those 


: specified by Part 68 of the FCC's Rules, and typically exceed 
the requirements: of. foreign telephone regulatory bodies. 


| SCRAMBLER/DESCRAMBLER 


The R96FAX incorporates a self-synchronizing scrambler/ | 


descrambler. This facility is in accordance with either V.27 ter 


ог V.29 depending on the selected configuration. 


RECEIVED SIGNAL 
` FREQUENCY TOLERANCE 


| The receiver circuit of. the R96FAX can adapt to received 
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frequency error of up to + 10 Hz with less than a 0.2 dB degrada- | 


tion in BER performance. Group | carrier recovery capture range 


is 2100 + 30 Hz. 


RECEIVE LEVEL 


The receiver circuit of the R96FAX satisfies all specified perform- 
ance requirements for received line signal levels from OdBm to 
-43dBm. The received line signal level is measured at the 
receiver analog input (RXA). 


В96ҒАХ 


9600 bps Facsimile Modem 


RECEIVE TIMING 


In the receive state, the ВО6ҒАХ provides a Data Clock (рск) 
output in the form of a square wave. The low to high transitions 
of this output coincide with the center of received data bits. The 
timing recovery circuit is capable of tracking a +0.01% fre- 
quency error in the associated transmit timing source. 


. TRANSMIT LEVEL | 


The transmitter output level is fixed at + 5.5 dBm + 0.5 dB. When 
driving a 600 ohm load the TXA output requires a 600 ohm series 
resistor to provide —0.5 dBm +0.5 dB to the load. 


TRANSMIT TIMING | | 

In the transmit state, the R96FAX provides а Data Clock (ОСЕК) 

output with the following characteristics: 

1. Frequency. Selected data rate of 9600, 7200, 4800, 2400, 
ог 300 Hz (+ 0.0196). In Group Il, DCLK tracks an external 
10368 Hz clock. 

2. Duty Cycle. 50 +1% 


Transmit Data (TXD) must be stable during the 1 microsecond 
periods immediately preceding and following the rising edge of 
DCLK. 


TURN-ON SEQUENCE 


A total of ten selectable turn-on sequences can be generated 
by the R96FAX, as defined in the following table: 


. Turn-On Sequences 


RTS-CTS 


9600 bps 
7200 bps 
4800 bps 


4800 bps? 
2400 bps? 


9600 bps Preceded 
| 7200 bps By Echo 
4800 bps Р Ѕирргеѕѕог 
4800 bps? Disable 


COON OQ Afr GN ~ 


2400 bps? Tone 


— 


NOTES 
1. Turn-on sequences six through ten can be generated for 
. lines with protection against talker echo. 

2. V.27 ter long training sequence only. 


TURN-OFF SEQUENCE 


For V.27 ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones at 1200 baud or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms period of no transmitted energy. For V.29, 
the turn-off sequence consists of approximately 5 ms of remain- 
ing datà and scrambled 1's followed by a 20 ms period of no 
transmitted energy. 


CLAMPING 


The following clamps are. provided with the R96FAX: 
1. Received Data (RXD). RXD is clamped to a constant mark 
(1) whenever RLSD is off. 
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2. Received Line Signal Detector (RLSD). RLSD is Sams off 
(Squelched) during the time when RTS is on. 

3. Extended Squelch. Optionally, RLSD remains clamped off for 
130 ms after the on-to-off transition of RTS. 


RESPONSE TIMES OF CLEAR-TO-SEND (CTS) 


The time between the off-to-on transition of RTS and the off-to- 
on transition of CTS is dictated by the length of the training 
sequence. Response time is 253 ms for V.29, 708 ms for V.27 
ter at 4800 bps, and 943 ms for V.27 ter at 2400 bps. 


The time between the on-to-off transition of RTS and the on-to- 
off transition ‘of CTS in the data state is a maximum of 2 baud 
times for all configurations. 


RECEIVED LINE SIGNAL DETECTOR (RLSD) 


For either V.27 ter or V.29, RLSD turns on at the end of the train- 
ing sequence. If training is not detected at the receiver, the RLSD 
off-to-on response time is 15 +10 ms. The RLSD on-to-off 
response time for V.27 is 10 +5 ms and for V.29 is 30 + 9 ms. 
Response times are measured with a signal at least 3 dB above 
the actual RLSD on threshold or at least 5 dB below the actual 
RLSD off threshold. 


The RLSD on-to-off response time ensures that all valid data bits 


have appeared on RXD. 


Two threshold options are provided: 
1. Greater than -43 dBm (RLSD on) 
Less than —48 dBm (RLSD off) 

2. Greater than -47 dBm (RLSD оп). 
Less than -52 dBm (RLSD off) 


NOTE 
Performance may be at a reduced level when the received 
signal is less than -43 dBm. 


A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated carrier 
signal applied to the receiver's audio input (АХА).. 


MODES OF OPERATION 


The R96FAX is capable of d operated in either a serial or 
a parallel moge of operation. | | 


SERIAL MODE 


The serial mode uses standard V.24 (RS-232-C compatible) 
signals to transfer channel data. An optional USRT device 
(shown in the R96FAX Interface Diagram) illustrates this 
capability. | 


PARALLEL MODE 


The R96FAX has the capability of transferring channel data eight 
bits at a time via the microprocessor bus. 


R96FAX 


(OPTIONAL) is a. 


‚ PROCESSOR 
^. (DTE) 


| | MODE SELECTION. 


R96FAX _ 
MODEM 


Selection of either the serial or parallel mode of per&tion 15 Өзү | 


means of a control bit. To enable the parallel mode, the control 
bit must be set to a 1. The modem automatically defaults to the 
serial mode at power-on. In either mode the R96FAX is con- 
figured by the host processor via the microprocessor bus. 


INTERFACE CRITERIA 


The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
40-pin ribbon connector. Software circuits are assigned. to 
| врезщс: bits іп а 32-byte interface mamo: 


HARDWARE SUPERVISORY CIRCUITS | 


Signal names and descriptions of the hardware supervisory 

Circuits, including the microprocessor interface, are listed in 
the R96FAX Hardware Supervisory Circuits. table. The micro- 
processor interface is designed to be directly compatible with 
an 8080 microprocessor. With the addition of a few external logic 
gates, it can be made compatible with 6500, 9800, ог 69009 
microprocessors. 


_ R96FAX Hardware Supervisory Circuits 
‘Description > 


Ground 
+5 volt supply . > 
+ 12 volt supply. 

` 212 volt supply 

_ Power-on-reset |. _ 


4- 5 volts 
+ 12 volts 
-124 volts . 
POR 
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© EYEX __ 
EE 
EYESYNC 


EYE 
PATTERN 
GENERATOR 


+12. 


ТЕЦЕРНОМЕ 


— |. (име 
INTERFACE |-at—— 


'R96FAX Functional Interconnect Diagram 


. . R96FAX Hardware Supervisory сс (Cont. ) 
[ Name [№ | Pin No. [Description 
B. MICROPROCESSOR INTERFACE: 


Ще) 
Ще) 


Data Bus (8 Bits) 


Register Select (4 Bits) 


Chip Select for Bank 0 


CS1 18 | Chip Select for Bank 1 
READ n Read Enable 

WRITE и: Write Enable 

IRQ О 32 Interrupt Request 


C. V.24 INTERFACE: | E | 


DCLK Data Clock 
XCLK External Clock for Group II 
RTS Request-to-Send 
CTS _ Clear-to-Send. | 
TXD Transmitter Data ` 
. Receiver Data -~ 
Received Line ш Detector 


| Transmitter Analóg Output 
. Receiver Analog Input 
Auxiliary Analog Input 


R96FAX 


9600 bps Facsimile Modem 


Microprocessor Interface Timing Diagram 
Critical Timing Requirements 
Characteristic 
| CSi, RSi setup time prior 
to Read.or Write . 
Data Access time after Read 
Data hold time after Read 


CSi, RSi hold time after. 
Read or Write. | 


Write data setup time 
Write data hold time 
Write strobe pulse width 


| САВ52 | CABS 1 Length of 0.4mm Diameter Cable 


Е 
0 
1 


INTERFACE MEMORY 


The R96FAX has two banks of 16 registers to which an exter- 
nal (host) microprocessor has access. Although these registers 
are within the modem, they may be addressed as part of the 
host processor's memory space. The host may read data out 
of or write data into these registers. These registers are referred 
to as interface memory. See R96FAX Interface Memory table. 
Registers in bank O update at the modem sample rate (9600 bps). 
Registers in bank 1 update at the selected baud rate. 


When information in these registers is being discussed, the format 
Y:Z:Q is used. The bank is specified by Ү(0 ог 1), the register 
by 2(0-Р), and the bit by Q(0-7, OZ LSB). А bit is considered to 
be “оп” when set to a 1. 
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R96FAX Interface Memory 


| (HEX) Е | 
Вапк Вед Мо. Description 


"Diagnostic Control 

Handshake Status 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Option 

Configuration 

Diagnostic Data Real MSB’ 8; ҒНЕОМ 
| Diagnostic Data Real LSB's; ЕНЕСІ. 
| Diagnostic Imaginary MSB's - 
| Diagnostic Imaginary LSB's; Data 

Transfer Register 


oo 


0 
0 
0 
0 
0 
о 
0 
0 
0 
0 
0 
0 
0 


о кю о NOAN OOP шоог т 


Diagnostic Control 
Handshake Status 

RAM Write Control . 

GII AGC Slew Rate Select 
Tone Detect Indicator 

Do Not Use 

Do Not Use 

Do Not Use 

Receiver Status | 

Do Not Use 

Receiver Status 

Receiver Status 

Diagnostic Data Real MSB's 
Diagnostic Data Real LSB’s 
Diagnostic Imaginary MSB's 
Diagnostic Imaginary LSB's : 


ды eR. хаса uA) ы Аы а алша a А 
оз моь лочооюьъьшоот т 


SOFTWARE SUPERVISORY CIRCUITS 


The operation of the R96FAX is affected by a number of soft- 
ware control inputs. These inputs are written into registers within 
the modem via a microprocessor bus under external control. 
Modem operation is monitored by various software flags that are 
read from modem registers using the same microprocessor bus. 
The functions of all modem I/O registers are listed in the R96FAX 
Interface Memory table and are defined as follows: - 


CONFIGURATION REGISTER 


The host processor configures the R96FAX by writing a control 
byte into the configuration register (0:4) in its interface memory, 
space as shown in the following table: | 


Configuration Register (0:4) 


R96FAX 


9600 bps Facsimile Modem 


Definition of Configuration Terms: 
TNXMT. Tone Transmit 


G2. -Group It Facsimile 
FSK. 300 bps FSK/Tone Detection 
V29. V.29 Configuration 
V27. V.27 Configuration 
DR3. Selects 9600 bps/V.29 
DR2. Selects 7200 bps/V.29, 
Selects 4800 bps/V.27 
ОНТ. Selects 4800 bps/V.29, 


Selects 2400 bps/V.27- 


Control words for the five configurations. are given іп qu 


adecimal format in the following table: 


а Configuration Control Words - 
. Configuration Word (HEX) | 


Configuration i 
М.29 9600. = 
| У.297200 +“ 
22:М.29 4800: 
V.27 4800 
2 V.27 2400. 


Tone Transmit 
Definition of Configurations: 


1. V.29. When any of the V.29 configurations has been 
selected, the modem operates as specified i in CCITT Recom- 
mendation V.29. 


2. V.27. When any of the V.27 configurations. has been 
selected, the modem operates as specified in CCITT Recom- 
mendation М.27. ter. | 


3. FSK. The modem operates as a, CCITT T. 30 а 
300 bps | FSK modem having characteristics of the. CCITT 
М.21 сћаппе! 2 modulation Ват 


4. Group Il. The modem operates as a CCITT T.3 compatible 
AM modem. This permits transmission to апа reception from 
Group ll facsimile apparatus. А carrier frequency of 2100 Hz 
is used. A white signal is transmitted as maximum carrier. 
A black signal is transmitted as no carrier. The phase of the 
carrier representing white is reversed after each transition 
through black. 


When in the receive state, the R96FAX recovers the carrier. 


of the remote transmitting modem to perform a coherent 
demodulation of the incoming signal. This allows a baseband 

. of 3400 Hz to be recovered. The recovered baseband signal 
is made available on the microprocessor bus as diagnostic 
data. 


The baseband signal is converted to black or white Бу com- 
paring the received signal level. with a preset threshold 
number. This number may be changed by the user. _ 
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5. Tone Transmit. 


LRTH. 


UE. Training: Disable. 


Receiver data is presented to the RXD output at a rate of 
10368 samples per second. The user should strobe the data 
on the rising edge of the data clock (DCLK). A logical.1 level 
(high voltage). represents white. A logical 0 level (low voltage) 
represents black. 


| In this configuration, activating signal RTS 
. causes the modem to transmit a tone at a single frequency 
specified by ве user. Two registers in the host interface 


Ж тетогу space contain the frequency code. The most signifi- 


cant bits are specified in the FREQM register (0:3). The ваз! 


‚ significant bits are specified in the ЕНЕСІ. register (0: 2). The 


least significant bit represents 0.146484 Hz +0.01%. The 
frequency generated 15: f = 0.146484 (256 ЕВЕОМ + ; 
FREQL) Hz +0.01%. | het ду + 


Hexadecimal frequency numbers (FREQM, FREQL) for com- ` 
~~ monly generated tones are dep in the following chart: "E 


Commonly Generated Tones - 


Е. Frequency "E 
| 462 Hz 
‚1100 Н2 


- 1650 Н2 


2522 185022 


Е 2160 На | 


OPTION REGISTER. 


The host processor conveys option information to не R96FAX 


by writing a control byte into the Option Register (0:5) in its 
memory space as shown in the table below: 


Option Register (0:5) 


EJ EAE 


Definition of Option Terms: 


‚ RTS. Request- -10- Зепд | 
TDIS. Training Disable “ 
‚ EDIS. Echo Protector Disable 
‚ ЗОЕХТ.  Squelch Extend 
‚Т2. T/2 Equalizer 
Lower Receive Threshold 


Definition of Options: 


RC Request-to-Send. The R96FAX operates in the receive state 

22 until. RTS (0:5:7) is turned оп. At that time the modem 
switches to the transmit state and remains there until RTS 

is turned off, and the turn-off sequence has been ја 


When thi TDIS bit (0:5: 6) i is on in the 
receive state, this bit prevents. the modem from entering the 
training phase. When turned on prior to RTS going on, this 
bit prevents the generation of a training sequence at the start 
of transmission. Е 


РОбРАХ = 1 TEE 9600 bps Facsimile Modem 


3. Echo Protector Disable. |f the EDIS bit (0:5:3) is on, ап. STATUS BITS 
unmodulated carrier is transmitted for 185 to 200 ms followed 
by 20 to 25 ms of no transmitted energy at the beginning of 
the training sequence. This option is available in both the V.27 Status Bits 
and V.29 configurations although it is not specified in the 


CCITT v.29 Recommendation. [tn 


Data Available (Zero) goes on when the 
| С | R96FAX writes data into registered 0:0. It is 
4. Squelch Extend. When on, the SQEXT bit (0:5:2) inhibits | У | reset when the host processor reads or writes 
reception of signals for 130 ms after RTS is turned off. | | | register 0:0. DAO is used in the parallel mode 
| "MON | E and also for diagnostic data retrieval. 


The status bits are detined in the following table: ` 


т g | | | | | | | Interrupt Active (Zero) is on when bank 0 is 
5. T/2 Equalizer. It the T/2 equalizer bit (0:5:1) is off, an adap- | | causing IRQP to be active. 
tive equalizer with one tap per baud is used. If the T/2 bit Б: Fast Energy Detect, when off, indicates energy 
is on, an adaptive equalizer with two taps per baud is used. Ps © | on the receiver input. Not used for Group ПІ. 


| When off, Р2ОЕТ indicates a P2 sequence has 
| Eua | been detected. Sets to 1 at start of PN 
6. Lower Receive Threshold. When on, the LRTH bit (0:5:0) 201 6; Sequence. 
lowers the receiver turn-on threshold from -43 dBm to 7: When off, PNDET indicates a PN sequence | 
—47 аВт. я | has been detected. Sets to 1 at епа of РМ 
sequence. 


| When off, CDET indicates that energy is being 
DISCRETE CONTROL BITS | detected: апа а training sequence. is not 
| | present. Goes off at start of data state. 


The discrete control bits are defined in the following table: | 
РУ 2% | | | А Data Available (One) goes on when the 


R96FAX writes data into register 1:0. It is reset 

EAM EN JP | when the host processor reads or writes 
Discrete Control Bits | register 1:0. 

Description Interrupt Active (One) is on when bank 1 is 


n: Е | causing IRQ to be active. 
PDM О:Е: When оп, РОМ places the R96FAX in the 


paralle! mode and inhibits bank 0 diagnostics. 


SETUP | 0:E:3 When. on, SETUP. causes. the R96FAX to 

к reconfigure to the control word in the соп-. 
figuration register and to assume the options 
specified. for equalizer (0:5:1) and threshold 
(0:5:0). Resets automatically. Note: Bit 0:4:0 | 
through 0:4:4 should only change state while . 
RTS is off to prevent errors in transmission. | 


When on, these bits indicate recéption of their 
| respective tonal frequencies if the R96FAX is 
configured in FSK. Default frequencies are: 
F3 = 462 Hz, F2 = 1100 Hz, and F1 = 

2100 Hz. а”. 


DIAGNOSTIC CAPABILITIES 


ЕО. | 0:Е:2 When on, Interrupt Enable (Zero), causes the | | | | ү 
ШЕ? IRQ output to be low when the DAO bit The R96FAX provides the user with access to much of the data 
| | (0:Е:0) is on. | | stored in the modem's memories. This data is a useful tool in 
| RAMW  |1:1: RAMW, when on, causes the 16- bit word in көп certain diagnostic functions. 


locations 1:0-апа 1:1 to be written into RAM | 


"ан the location specified i in the diagnostic con- 
trol register (1:F). 


HARDWARE DIAGNOSTIC CIRCUITS. 


ЗЕ | 104 -— Japanese 3 link, when on, selects this 


standard for link amplitude equalizer; when off. | Signal names and descriptions of the hardware Шы 
| | selects U.S. survey long. — | | circuits are given in the table below: 
RLE | 1:0:5 | Receiver link equalizer, when on, enables the 
link amplitude equalizer in the receiver. | | 
TLE Б: Transmitter link equalizer, when on, enables Hardware Diagnostic Circuits 1 0 
| the link amplitude equalizer in the transmitter. | 
G2FGC “С: G2FGC, when on, selects а fast АСС rate т 
| Стоир Т ЕҮЕХ . Eye Pattern Data — X Axis 
| | ZUM | ЕҮЕҮ Eye Pattern Data -- Y Axis 
IE1 E ' When on, Interrupt Enable (One) causes the EYECLK | Eye Pattern Clock 
_ | IRQ output to be low when the РАТ bit EYESYNC - Eye Pattern Synehronizing 
Signal 


(1:Е:0) is on. 
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Eye Pattern Generation — The four hardware diagnostic circuits 
allow the user to generate and display an eye pattern. Circuits 
EYEX and EYEY serially present eye pattern data for {пе horizon- 


tal and vertical display inputs respectively. The 8-bit data words. | 


are shifted out most significant bit first, clocked by.the rising 
edge of the EYECLK output. The EYESYNC output is provided 
for word synchronization. The falling edge of EYESYNC may 
be used to transfer the 8-bit word from the shift register to a 
holding register. Digital to analog conversion can then be per- 
formed for driving the X and Y inputs of an oscilloscope. 


SOFTWARE: DIAGNOSTIC CIRCUITS 


Two diagnostic control registers are provided in the interes 
memory to allow user access to various RAM locations within 


the modem. The access code stored in bank 0 (0:Е) selects the _ 


‘source of data for the real and imaginary diagnostic data 
registers in bank 0 (0:0 through 0:3). Similarly the access code 
stored in bank 1 (1:F) selects the source of data for registers 
1:0 through 1:3. Bank 1 also provides the user with the ability 
{о store.the contents of registers 1:0 and 1:1 in the RAM loca- 
tion specified i in register 1:Е. Writing is performed by turning on 
control bit RAMW (1:13:0). Reading is performed by | handshak- 
ing with the appropriate Data Available status bit. The eight most 
| significant bits of real and i imaginary data from bank 1 are also 
presets вау. on EYEX and EYEY. respectively. 


RAM ACCESS CODES (READ) | 


The RAM Access Codes defined in the table below allow the 
host processor to read diagnostic information within the R96FAX. 


RAM Access Codes (Read) 


[e run [Rees Гомати. 


Received Signal Samples Real 
Demodulator Output. — Complex 

Low Pass Filter Output Complex 
Опе Baud Energy. | | Imaginary . 
AGC Gain Word — MSB's “Real | | 
АСС бат Word — LSB's Imaginary 


Equalizer Input 
Equalizer Tap Coefficients 
Unrotated Equalizer Output 
Rotated Equalizer Output 
(Received Point-Eye Pattern) 
Decision Points (Ideal) 

Error Vector 

Rotation Angle 

Frequency Correction — MSB's 
Frequency Correction — LSB's 
Group Н Base Band Signal 
Group 1 Threshold 

EQM 


| Complex 
Complex 
Complex 
Complex 


Complex 
Complex 
Imaginary 
Real 


Real 
| Imaginary 
Heal ` 


RAM ACCESS CODES (WRITE) 


The RAM access codes defined in the following table allow the 
host processor to write parameter information into the R96FAX. 


Imaginary | | 


RAM Access Codes (Write). 


_ Function 


Gil Black/White Threshold 

| Ғ1 А10 
Е1 В11 
F1 B12 
F1 A00 
F1 В01 
'F1B02 
F2 A10 * 
F2 B11 
F2B12 
F2 А00 


< Imaginary | 
Imaginary 
Imaginary | 
Imaginary 
‚ Imaginary 
‚ Imaginary | 
Imaginary | 
Imaginary 
Imaginary 
imaginary 
Imaginary 
- Imaginary 
Imaginary |. 
Imaginary 
Imaginary 
| Imaginary: 
` Imaginary 
Imaginary 
“Imaginary 
Real 
Real 
Real 
Real. 
Real 
Real · 


` F2 В01 
F2 B02 
ЕЗ А10 
ЕЗ В11 
ЕЗ В12 


ЕЗ А00 
ЕЗ ВОТ . 
ЕЗ B02 
Е1 А20 
Е1 В21 
Е2 А20 
F2 821 ^ 
ЕЗ A200 
E dd. В21 | 


POWER- ON INITIALIZATION.. 


-When power is applied to the R96FAX, a period of 100 to 300 ms 


| is required for initialization. The power-on-reset ‘signal (POR) 


remains low during the initialization period. After the low to high 


transition of POR, the modem is ready to be configured. 


At POR time the modem defaults to the following configuration: 
V.29/9600 bps, T/2 equalizer, serial mode, training enabled, echo 
protector disable tone, no extended squelch, higher receive 
threshold, interrupts disabled, no link Б Ине RAM access 


_ codes 00. 
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POR can also bà sed to initialize the users's host processor. - 
It may be connected to a user supplied power-on- теза! signal 
in a wire-or configuration. | 


РЕВЕОВМАМСЕ 


Whether functioning as а V.27 ter or V.29 type modem, "ho 
R96FAX provides the user with unexcelled high performance. 


Bit Error Rates — The Bit Error Rate (BER) performance of the 
modemi is specified for a test configuration confórming to that 
specified in CCITT Recommendation V.56, except with regard | 
to the placement of the filter used to bandlimit the white noise 
source. Bit error rates are measured at a received line signal 
level of -40 dBm as illustrated. ^ . ` 


Phase Jitter —At 2400 bps, the modem exhibits a bit error rate 
of 10-6 or less with a signal-to-noise ratio of 12.5 dB in the 
presence of 15? peak-to-peak phase jitter at 150 Hz or with a 
signal-to-noise ratio of 15 dB in the presence of 309 peak-to- 

peak phase jitter at. 120 Hz (scrambler. inserted). А 


А{ 4800 брз (М. 27 ter), the modem exhibits a bit error rate of 
10-6 or less with a signal-to-noise ratio of 19 dB in the presence | 
of 15? peak-to-peak phase jitter at 60 Hz. 


R96FAX | 


и В р i СЕ | а ши в.в m 


| рр Facsimile 


9600 


icsimile Modem 


At 9600 bps, the. modem exhibits a bit error rate of 10-9 ог less. 


with a signal-to-noise ratio of 23 dB in the presence of 10? peak- 
to-peak phase jitter at 60 Hz. The modem exhibits a bit error 
rate of 10-5 or less with a signal-to-noise ratio of 23 dB in the 
presence of 60? peak-to-peak phase jitter at 30 Hz. 


4800 BPS V.27 TER 
2400 BPS V.27 TER 7200 BPS V.29 


10 12 14 


0 2 4 6 8 
SIGNAL TO. NOISE RATIO (dB) 


Typical Bit Error Rate Performance . 


. NOISE 

SOURCE 

GR1381 
50 KHZ BW 


IMPAIRMENT 
] SOURCE 
BRADLEY 2A 


MODEM 
TRANS- 
MITTER 


LINE 


SIMULATOR 


ENGINEERING 
MODEM 


CONSOLE 


16 18 20 22 24| 


NOTE 


Signal and noise are measured with 3 KHz flat weighting. 


(ATTENUATOR 
_НР 3500 


INTERFACE CIRCUIT CHARACTERISTICS _ 


DIGITAL INTERFACE CIRCUITS 


Digital Input Characteristics 


| Input Logic State Allowed Input Voltage Levels 


| Low | 0.0V to +0.8V at -0.01 mA 
. High 


4 2.0V to +5.0М at +0.1 mA 
| Notes | 
1. The digital inputs are directly TTL/CMOS compatible. The 
capacitive loading on each input is 25 pF (maximum). 
2. Positive current is defined as current into the node. 


_ Digital Output Characteristics 


b Input Logic State 
С Low 

` High %2.4У to +5.0V at -40 „А 

Notes 


1. The digital outputs are directly CMOS and TTL compatible. 
2. Positive current is defined as current into the node. 


Allowed input Voltage Levels | 
0.0V to +0.4V at + 1.6 mA 


ANALOG INTERFACE CIRCUITS 


Transmitter Output — The transmitter output is a low 
impedance operationai amplifier output. To match to 6000, an 
external series resistor is required. | 


Receiver Input — The receiver input impedance is 63.4K 
ohm +5%. 7 | 


LEVEL 
METER 
НР 3552 | 


ATTENUATOR 
HP 350D 


MODEM 
RECEIVER 


ENGINEERING 
MODEM 
CONSOLE 


BER Performance Test Set-up 
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БҰҒАҚ ее ir |  .- 9600 bps Facsimile Modem 


Auxiliary Analog Input — The auxiliary analog input (AUXIN) 
allows access to the transmitter for the purpose of interfacing 
with user provided equipment. Because this is a sampled data 
input signals above 4800 Hz will cause aliasing errors. The input 
impedance is 1K ohm and the gain to transmitter output is OdB. 


.156 DIA HOLE 


40 PIN RIGHT 
ANGLE HEADER 


Header Pin Assignment _ Printed Circuit Board Dimensions 


R96FAX SPECIFICATIONS 


Power 


45 Vdc 
+ 12 Мас 
– 12 Мас 


| Note: АП voltages must һауе ТЕН x01 volts peak- to-peak. 


Environmental 


Temperature 

Operating 09С to + 60?C (32 to 140?F) 

Storage © —409?C to +90°C (– 40 to 176°F) (Stored in heat sealed antistatic bag and shipping container) 
Relative Humidity : Up to 9096 noncondensing, or a wet bulb temperature up to 35°С, whichever is less. 


Mechanical 


Board Structure Single PC board with single. right angle header with 40 pins 
3VH50/IJND5 or equivalent mating connector. 


Dimensions Width—2.56 in. (65 mm). 
Length—3.94 in. (100 mm) 
| Height—0.40 in. (1.02 ст). 
Weight Less than 0.16 165. (0.07 kg) 
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Integral Modems 


R96DP - 


_ 9600 BPS DATA PUMP MODEM. 


Rockwell 


PRELIMINARY 


INTRODUCTION 


The Rockwell R96DP is a synchronous serial 9600 bps modem 
designed for full-duplex operation over either four-wire dedicated 
unconditioned lines or half-duplex operation over the general 
switched telephone network. | 


The modem satisfies telecommunications requirements specified 
in CCITT Recommendations V.29 and V.27 bis/ter. 


The small size and low power consumption of the modem offer 
the user flexibility in creating a 9600 bps modem design 
customized for specific packaging and functional requirements. 


The modem is capable of operating at 9600, 7200, 4800, and 
2400 bps. 


FEATURES 


• User Compatibility: 

— ССІТТ V.29, and V.27 bis/ter 
. Full-Duplex (4-Wire) 

Half-Duplex | 
Programmable Tone Generation 
Dynamic Range -43 dBm to 0 dBm 
Diagnostic Capability 

Equalization: 

— Automatic Adaptive 

— Compromise Cable (Selectable) 

— Compromise Link (Selectable) 
e DTE Interface: 

— Microprocessor Bus 

|. — CCITT V.24 (RS-232-C Compatible) 
е Loopbacks (V.54 Loop 2, З and 4) 
— Local Analog 
— Remote Analog (Locally Activated) 
— Remote Digita! (Locally Activated) 
Small Size — 100 mm x 120mm (4.0 x 4.8 inches) 
Low Power Consumption (3 watts, typical) 
Programmable Transmit Output Level 
TTL and CMOS Compatible 


ее е ев е ә 


R96DP Modem | 


Document No. 29200N07 


Data Sheet Order No. MD07 
March 1984 


R96DP 


9600 bps Data c Modem 


TECHNICAL SPECIFICATIONS 


The following - are the technical specifications Tor the R96DP 
modem. eon Е 


TRANSMITTER CARRIER FREQUENCIES 
The transmitter carrier frequencies are given in the following 
table: | 
Transmitter Carrier Frequencies | | 
| _ Specification 
(Hz %0.5 Hz) 


Frequency Type | 


. V.27 bis/ter Carrier 
V.29 Carrier · 


TONE GENERATION 


Under.control of the host processor, the R96DP : can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0. 01%. Tones over 3000 Hz are attenuated. 


SIGNALING AND DATA RATES. 


The signaling апа. gata rates for the R96DP are » defined in ше | 


table below: 


 Signaling/Data Rates 


'. Specification 
(+ 0.0196) 
2400 Baud . 
9600 bps, 
7200 bps, 
4800 bps 


. | .. 1600 Baud 
(| 4800 bps. 


Рагатетег 


_ Signaling Rate: - 
Data Rate: 


p 


Signaling Rate: 
Data Rate: 


DATA ENCODING - 


` At 2400 baud, the data stream is encoded. per cem V.29. At. 


9600 bps, the data stream is divided in groups of four-bits (quad- 


Signaling Rate: _ 1200 Baud 22 
Data Rate: | | 2400 Брз _ | 


Link Equalizers — Selectable compromise link equalizers | in the 
receiver optimize performance over channels exhibiting severe 
amplitude and delay distortion. Two standards аге. S Provided; U.S. 
survey long and Japanese 3-link. | 


Automatic Adaptive eduaitear: — P" automatic Та 
equalizer is provided т the receiver circuit. The equalizer can 
be configured as either a T or a T/2 equalizer. 


TRANSMITTED DATA SPECTRUM. 


If the cable equalizer i is not enabled, the transmitter spectrum 1 


ы is shaped Бу the following raised cosine filter functions: 


1. 1200 Baud. Square root of 90 percent Е 


2. 1600 Baud. Square root of 50 percent ` 


3. 2400 Baud. Square root of 20 percent. 


. The out-of-band transmitter power limitations meet those 
specified by Part 68 of the FCC's Rules, and typically exceed | 
the requirements of foreign telephone ЕУ bodies. . 


SCRAMBLER/DESCRAMBLER | 


Тһе R96DP incorporates a sel-synchronizing Scrambled 


descrambler. This facility is in accordance with either V.27 bis/ter | 


or V. 29 ереп оп ће selected о 


е3 SIGNAL 
FREQUENCY TOLERANCE | 


. The receiver circuit of the R96DP can adapt to received 


frequency error of up to + 10 Hz with less than 0.2 dB degrada- 
tion in BER performance. 


RECEIVE LEVEL 


The receiver circuit of the modem satisfies all specified perform- 
ance requirements for received line signal levels from 0 dBm 


to -43 dBm, The received line signal level is measured at the | 


ш analog input Ва 


At 4800 bps, the data stream is divided into two bits eh 5 


forming а 4-point structure. 


At 1600 baud, the 4800 bps data stream i is encoded into О у 


рег ССІТТ М.27 bis/ter. 


per CCITT V.27 bis/ter.. 


EQUALIZERS 


г. RECEIVE TIMING. | 
bits) forming a 16-point structure. At 7200 bps, the data stream ` | 


is divided into three bits (tribits) forming an 8-point structure. || The R96DP provides а data derived Receive Data Clock 


(RDCLK) output in the form of a squarewave. The low to high 
transitions of this output coincide with the centers of received 


с data bits. The timing recovery circuit is capable of tracking a 
ЕРІ!) 01% frequency error іп the associated transmit timing 
Dm source. 


At 1200 baud, the 2400 bps data stream is encoded into dibits | t TRANSMIT Li LEVEL 


"n The transmitter output level is accurate to +1.0 dB and is pro- 
| gramiriüble from – 1. 0 dBm to - 15.0 dBm т 2 dB steps. 


| The R96DP provides equalization funetioné: that improve per- ` Е 


formance when operating over low quality lines. . 


Cable. Equalizers — Selectable compromise cable сорапевез x 


. in the receiver and transmitter, are provided to optimize perform- | 


ance over different lengths of non-loaded cable of 0. 4 тт 
diameter. . | 


TRANSMIT TIMING 


The R96DP provides a Transmit Data Clock (T DCLK) output with 

the following characteristics: 

1. Frequency. Selected, data rate of 9600, 7200, 4800, or 
2400 Hz (+ 0.0196). 

2. Duty Cycle. 50% +1% 
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Input data presented on 1 ТХО | is sampled by the R96DP at the 
low to high transition of TDCLK. Data on TXD must be stable 
for at least one microsecond prior to the rising edge of TDCLK 
and remain stable for at least one microsecond after me rising 
. edge of TDCLK. 


| EXTERNAL TRANSMIT CLOCK 

‚ The transmitter data clock (TDCLK) can n be phase locked to a 

- signal on input XTCLK. This input signal must equal the desired 
data rate to +0.01% with a duty cycle of 50% +20%. 

2 TURN- ON SEQUENCE 


А total of 14 selectable turn-on sequences can be generated 
as defined in the following table: 


Turn-On Sequences 
Roscoe Time 
V.29 V.27 bis/ter | (milliseconds) Comments 


4800 bps long 
2400 bps long 


Preceded by 
|Есћо Suppressor 
Disable Tone 

for lines using 
echo suppressors* 


OoOMInNDoah ON = 


4800 bps long 
2400 bps long 
4800 bps short 
2400 bps short 


| *For short echo protect tone, subtract 155 ms from values of 
. CTS response time. | 


TURN-OFF SEQUENCE 


For V.27 ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones а! 1200 baud or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms period of no transmitted energy. For V.29, 
the turn-off sequence consists of approximately 5 ms of remain- 
ing data and scrambled 1's followed by a 20 ms > period of no 
transmitted: energy. | 


CLAMPING 


Received Data (RXD) is clamped to a constant mark (one) 
whenever the Received Line Signal Detector (RLSD) is off. 


RESPONSE TIMES OF CLEAR-TO-SEND (CTS) 


The time between the off-to-on transition of Request-To-Send 
(RTS) and the off-to-on transition of CTS is dictated by the length 
of the training sequence and the echo suppressor disable tone, 
if used. These times are listed in the Turn-On Sequences table. 
If training is not enabled RTS/CTS delay is less than 1 ms. 


9600 bps Data Pump Modem | 


_ The time between the on-to-off transition of RTS and the on-to- 


off transition of CTS in the data state is a maximum of 2 baud 
times for all configurations. | 


RECEIVED LINE SIGNAL DETECTOR (RLSD) 


For either V.27 bis/ter or V.29, RLSD turns on at the end of the 
training sequence. If training is not detected at the receiver, the 
RLSD оН-ю-оп response time is 15 +10 ms. The RLSD 
on-to-off response time for V.27 is 10 +5 ms and for V.29 is 
30 +9 ms. Response times are measured with a signal at least 
3 dB above the actual RLSD on threshold or at least 5 dB below 
the actual RLSD off threshold. | 


The RLSD on-to-off response time ensures that all valid data E 
bits have appeared on RXD. 


Four threshold options are provided: 
1. Greater {Пап - 43 dBm (RLSD оп) 
Less than — 48 dBm (RLSD off) 

2. Greater than — 33 dBm (RLSD on) 
Less than — 38 dBm (RLSD off) 


3. Greater than — 26 dBm (RLSD on) 


Less than — 31 dBm (RLSD off) 


| 4. Greater than — 16 dBm (RLSD on) 
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Less than —21 dBm (RLSD off) 


NOTE 
Performance may be at a reduced level when the received 
signal is less than — 43 dBm. 


A minimum hysteresis action of 2 dB exists between the actual 
off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated carrier 
signal "PP to the receiver's audio input me 


MODES OF OPERATION 


The R96DP is capable of being operated in either a serial с or 
a parallel mode of operation. 


SERIAL MODE 


The serial mode uses standard V.24 (RS- -232-C compatible) 
signals to transfer channel data. An optional USRT device 
(shown in the Functional interconnect Diagram) illustrates this 
capability. 


PARALLEL MODE 


The R96DP has the capability of transferring channel data up | 
to eight bits at a time ма the microprocessor bus. 


MODE SELECTION 


Selection of either the serial.or parallel mode of operation is by 
means of a control bit. To enable the parallel mode, the control | 
bit must be set to a 1. The modem automatically defaults to the 
serial mode at power-on. In either mode the R96DP is configured 
by the host processor via the microprocessor bus. 


0o os | A. OVERHEAD: 


R96DP - 


_ 9600 bps Data Pump Modem. 
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INTERFACE |-«t—— 
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R96DP Functional Interconnect Diagram. 


INTERFACE CRITERIA. 


The modem interface comprises both fiardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
64-pin DIN connector. Software circuits are assigned to specific 
Uie in a 48- un interface memory. 


HARDWARE SUPERVISORY CIRCUITS 


Signal names and descriptions of the hardware supervisory 
circuits, including the microprocessor interface, are listed in 
"ће R96DP Hardware Supervisory Circuits table. The micro- 


. processor interface is designed to be directly compatible with 
_ an 8080 microprocessor. With the addition of a few external logic - 


gates, it can be made compatible with 6500, 6800, or 68000 
Писторгозезавиа: 


НОР Hardware Брава Селце | 


+ 12 volt supply 
-12 volt supply . 
Power-on-reset 
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R96DP Hardware Supervisory Circuits (Cont.) 


[ Name |10 | Рим. [Description — | 
B. MICROPROCESSOR INTERFACE: M | 


Data Bus (8 Bits) 


Register Select (4 Bits) 


Chip Select for Bank 0 . 
Chip Select for Bank 1 
Chip Select for Bank 2 . 
Read Enable 
Write Enable 

,| Interrupt Request 


Receive Data Clock 
 Transmit Data Clock 
External Transmit Clock 
Request-to-Send | 

. Clear-to-Send 

Transmitter Data 

Receiver Data | 

Received Line Signal Detector. 


е | 


9600 Брз Data Pump Modem | 


| R96DP Hardware Supervisory Circuits (Cont.) 2 


D. De ANCIEBSRY CIRCUITS: 


Description 


Receiver Baud Clock | 
Transmitter Baud Clock 


E. ANALOG SIGNALS: 


"Transmitter Analog Output 
. Receiver Analog Input: 
Auxiliary Analog Input 


2 Microprocessor Interface Timing Diagram 


Critical Timing Requirements 
_ Characteristic 
| CSi, RSi setup tim time prior 
.. , to Read ог Write "E 
| Data access time after Read 
Data hold time after Read 


» CSI, RSi hold time after - 
. Read or Мте 


| Write data setup time — 
| Write.data hold time 


Write strobe pulse width 


INTERFACE MEMORY 


| The АЭбОР. has three banks of 16 input/output (I/O) ЕКЕН 
to which an external (host) microprocessor has access. Although 
these I/O registers are within the modem, they may be addressed 
as part of the host processor's memory space. These. I/O 


registers are collectively referred to as interface memory. See 
R96DP Interface Memory table. Access to the three banks of 
registers (bank 0, bank 1 and bank 2) is enabled by the Chip | 
Select signals С50, CS1 and CS2 respectively. Four Register 


Select signals (RSO, RS1, RS2, and RS3 are provided to address 


an individual register within an enabled bank. Registers in bank 1 


operate at the sample rate of 9600 samples per second: 
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Registers in banks 0 and 2 operate at the selected baud rate. 


R96DP Interface Memory —— 


_ Description 


Do Not Use 

Transmitter Handshake : 
Оо Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Do Not Use 

Transmitter Option 
Transmitter Configuration | 
Equalizer ` ur 
Loop/Level 

FREQM 

 ЕВЕО 

Do Not Use : 

| Transmitter Data 

Do Not Use 5, 
Receiver Sample Handshake. 
Do Not Use 

Do Not Use 

Receiver Baud Status 

“Do Not Use 

Receiver Sample Status 2 . 
Receiver Sample Status 1 
Receiver Option 

Receiver Configuration 
Diagnostic Control XS 
Diagnostic Control YS 

: Diagnostic Data XSM 
Diagnostic Data XSL... 
Diagnostic Data YSM 
Diagnostic Data YSL; 
Receiver Data 


Do Not Use | І 
Receiver Baud Handshake 
Do Not Use 
| Do Not Use | 
. | Do Not Use. 
"| Do. Not Use. | 
-| Do Not Use 
. Do Not Use 
Do Not Use - 
Do Not Use | 
Diagnostic Control XB 
Diagnostic Control YB 
Diagnostic Data XBM 
Diagnostic Data XBL 
Diagnostic Data YBM . 
Diagnostic ‘Data: YBL 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0^ 
1 
1 
1 
1 
1 
1. 
1 
4 
1 
1 
Е 
i3 
1 
1 
1 
1 


O-NOGPROOX00»00o0mm самоһкоо-чаоо»>Фшоопт 


охо то го Ко го Го Мо юю ГО ГО IN!) 
о-мокьолочоо>ооотт)| 


| R96DP m 


When information 1 án еве О: registers. is being discussed, the 


format Y:Z:Q is used. The bank is specified by Y(0-2),. the register E 


-| by Z(0-F), and the bit by Q(0-7, 0= p А bit is: considered to 
ber von" when set to a т. Ec CORO MOIS 


" К SUPERVISORY CIRCUITS 


The operation of the R96DP i is affected by a number of software | 
г. control inputs. These inputs are written into: registers within the __ 
| modem via a microprocessor bus under external control. Bits | 


designated by an X are “Поп” t Care" inputs that can be set to 

either 1 or 0. Modem. operation is monitored by various software 
flags that. are read from modem registers using the same 
| microprocessor. bus. Bits designated by an X are "undefined". 
." outputs that may. be either 1 or 0. The functions of all modem 
< ИО registers аге listed. in the R96DP Interface Memory table and 
are defined as follows: Eid 


Duct uel 


| една ен CONFIGURATION REGISTER 


| | The host processor configures the R96DP transmitter by writing CENE 
ac control byte into. the transmitter configuration register (0: біл => 


. 9600 ) bps Data Pump Modem - 


Definition of Transmitter Configurations: 


4; м. 29.. When any of the V.29 configurations hae рева ) 
2 selected, the modem Шы ав Specified in ORITT recom- | 
mendation V. 29. " | | | 


2, V.27. When any d the М.27 сога have. Жа 


7 3. Tone anmi 


selected, the modem operates as specified in CCITT recom- 


Pu mendation V.27. 


|n this configuration. activating signal RTS | 
causes the modem to transmit a tone at а single frequency . 


a specified by. the user. Two. registers. in the host interface | 


memory space contain the frequency code. The most signifi- 
cant bits are specified in the FREQM register (0: 3). The least 
significant bits are specified in the ЕНЕСІ. register (0:2). The 
least significant bit represents 0. 146484 Hz 60.01%. К. 


TRANSMITTER OPTION 


| The host processor conveys option information to the transmit- 


| тв interface. memory space. as shown: in the format table: = 


E | 25 | © Transmitter Configuration: Regisier (0:6) . 
ТЕГТІ: ТЕРЕН ТЕН ТЕН е. 


| Definition of Transmitter Configuration Terms: 
| TNXMT. | 


Tone Transmit. 
1175. .. Transmitter Long Training Sequence 
_ TV29. . Transmitter У.29 Configuration. — T 
.— TDR3. Transmitter Data Rate 3 (Selects 9600 bps/V.29) 
Това. Transmitter Data Rate 2 (Selects 7200 bps/V.29, 
 ': .. гапа Selects 4800 bps/V.27) 
Transmitter Data Rate 1. (Selects 4800 bps/V.29, 


ШТА 
E and Selects 2400 bps/V. 27) 


| Control bytes for the three configurations are given in hex- 
2 есте: Оа. їп ше following table: - 


| Configuration Control Bytes 


E Configuration 5 
 V.29 9600 - 
| М.29 7200 ^" 
\.29 4800 
| V.27 4800 Long | 
ЖА 27 2400 Long. =- 
.V.27 4800 Shot | 
V.27 2400 Short ` 


` Tone: Transmit 


4 Солине п Bytes (HEX) 
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ter by writing a control: byte. into the Option Register (0:7) in its ru 
| interface memory Space. as Shown in the: table BOW: к 


Transmitter r Option Register (0: 7) i Ens ша 


Definition. of Transmitter Option. Terms: 


RTS: | Request-to- -Send | 

TTDIS: | . Transmitter Training Disable 

SDIS: . Scrambler Disable 

MHLD: Mark Hold 

EDIS: Echo Protector Disable 

TPDM: Transmitter Parallel Data Mode 
XCEN: External Clock Enable | E 
SEE Short Echo Protection о Tone : 


Definition of Transmitter Options: 


t: Request-to-Send. The R96DP begins. a transmit Sequence 
when the RTS bit (0:7: 7)! is turned on and continues transmit- 
ting until RTS is turned off and the turn-off sequence has been 
completed. This input bit parallels ihe е aparaton of me hard- 
ware RTS control input. Fev | а" 


2. Transmitter Training Disable. - When the TTDIS bit (о: 7: i is 5 
. оп, the transmitter does not generate a згатияа неща. d 
at the start of transmission. 6 


3. Scrambler Disable. When the SDIS bit (0:7:5) is on, the. 
transmitter scrambler circuit is removed from the data path. | 


4. Mark Hold. When the MHLD bit (0:7:4) is on, the transmit- — 


ter input data stream is forced to all marks (75). 


5. Echo Protector Disable. When the EDIS.bit (0:7: 3i 15 оп, аа 
unmodulated carrier is transmitted for 185 тв. (optionally 
· 30 ms) followed: by 20 ms of no transmitted energy at the start 
of transmission. Note that this option is available in both V.27 . 
_ and V.29 configurations . although: ‘it-is not теп іп the 
_ CCITT V.29 recommendation. 


Es 


 R96DP 


9600 bps Data Pump Modem 


6. Transmitter Parallel Data Mode. When the TPDM bit (0:7:2) 


is on, the transmitter accepts data for transmission from the 
data input register rather than the serial hardware data input. 


7. External Clock Enable. When the XCEN bit (0: 7: 1)is on, the 
transmitter timing is established by the external clock sup- 
plied at the hardware input XTCLK (pin 224A). 

8. Short Echo Protector Disable Tone. When the SEDT bit (0:7:0) 


is on, the echo protector ОР tone is 30 ms long rather 
than 185 ms. | 


| EQUALIZER 


The host processor conveys equalizer selection information to 
the modem by writing a control byte into the equalizer register 
(0:5) in the interface memory space as shown in the following: 


Equalizer Register (0:5) 


Bit 7 


Definition of Equalizer Terms: 


CABS1,2: Cable Equalizer (Selects bits 1 or 2) 
LAEN: Link Amplitude Equalizer Enable 
LDEN: Link Delay Equalizer Enable | 
A3L: Amplitude 3-Link Select 

D3L: Delay 3-Link Select 


| Definition of Equalizer Parameters: 


1. Cable Equalizer. The cable equalizer select bits simulta- 
neously control amplitude and delay compromise equalizers 


in both the transmit and receive paths. The following table - 


gives the possible bit combinations. 


Cable (0.4 mm diameter) Equalizer Selection 


| | CABS2 |  -CABS! | Cable Length 


2. Link Equalizer. Тһе link equalizer enable and select bits 


control separate amplitude and delay compromise equalizers 


in the receive path. The following tables give the possible bit 


combinations. 


kink кый = Selection. 


| Curve Matched | 


Мо Equalizer 


U.S. Survey Long |. 


. Japanese 3-Link 


"ке [виз | виа | виз | виз [виз [вно_ 
| 


Link Delay Equalizer Selection . 


| Curve Matched | 


. No Equalizer _ 


U.S. Survey Long 
. Japanese 3-Link. 


a LOOP/LEVEL 


The host processor conveys loopback selection and transmit- 


ter output level to the modem by writing a control byte into the 


loop/level register (0:4) in the interface memory space as shown 


іп the following table: 


, LoopiLevel Register (0: a) 


аст |ыаст| ана | тіз | me | пл [react] хо 


Definition of Loop/Level Terms: 


L3ACT: Local Analog Loopback (CCITT loop з), Activate. 
L4ACT: Remote Analog Loopback (CCITT loop 4) Activate 
L4HG: Loop 4 High Gain 

TL3-TL1: Transmitter Level (Selects bits 8, 2, and. 1) 
L2ACT: Remote Digna! Loopback (CCITT loop 2) Activate 


Definition of Loop/Level Control: 


| 1. Local Analog Loopback Activate. | When the L3ACT bit (0: 4:7) 


is on, the transmitter analog output is coupled to the receiver 
analog input through an attenuator.in accordance with CCITT 
recommendation М.54 loop 3. 


2. Remote Analog Loopback. Activate. When the L4ACT bit 


(0:4:6) is on, the receiver analog input is connected to the 
transmitter analog output through a variable gain amplifier. 


3. Loop 4 High Gain. Whenthe L4HG bit (0:4: :5) i is оп, the loop | 


4 variable gain amplifier i is set for + 16 dB. When L4HG is 
off, the gain is 0 dB. 


` 4, Remote Digital Loopback Activate. When the | РАСТ bit 


(0:4:1) is on, the receiver digital output is connected to the 
transmitter digital input in accordance with CCITT recommen- 
. dation V.54 loop 2. | z 


5. Transmitter Level Select 3, 2 and 1. арена UM ош 
put level is determined by bits TLS, Та, and TL1 as shown 
in the following table: 


Transmitter Level Selection 
| Transmitter Analog Output | 


- 0.5 dBm £0. 
_ < 2.5 dBm + 
`- 4.5 dBm 
- 6.5 аВт 
- 8.5 dBm 
-10.5 dBm 
– 12.5 dBm · 
-14.5 dBm 


| “Each step is a 2 dB change +0.2dB ` 


0 

o` 

1 

1 

0 

0 

А 1 а 
s. 
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TRANSMITTER DATA 


The host processor conveys output даа 10 the transmitter in- 


parallel mode by writing a data byte to the transmitter Data 
Register (0:0) іп the interface memory space. The data must be 
divided on integral baud boundries as shown in the following 
table: 


Transmitter Data ады (0: 0) | Ep 
| RR Eo UE 


Соппауранот | 


v.27 4600 bps 
М.27 2400 bps| Baud 
NOTE: Data Transmitted Bit O First. 


E FREQM/FREQL 


I TIAE Гама. 


The host processor conveys tone generation data to the transmit- — 


ter by writing a 16-bit data word to the FREQM/F REQL registers. 


| (0: 3 and 0:2) in the interface memory space as | shown inthe | 


D following tables: 


FREQM найы 


‚ FREQL Register | 


та аке иго > 
ит ііі. 


Тће На Еве number (N) determines the frequency P as 


follows: pe = 0. 146484М Hz +0. 01%. 


4A 


Definition of Transmitter Handshake: теше 


ПА: Transmitter Interrupt Active 
TSB: Transmitter Setup Bit | 

TIE: Transmitter Interrupt Enable 
TBA: Transmitter Buffer Avaliable 


Definition of Transmitter Handshake Sequences: 


1. Transmitter Buffer Available. The TBA bit goes off when the 


host processor writes data to transmitter data register (0:0). 
When the transmitter empties register 0:0 the ТВА bit is on. 


№ 


. Transmitter Interrupt Enable. | When the host processor writes 
a 1 in the TIE bit, the IRQ line of the hardware interface 
ds driven low when ТВА is on. 


. Transmitter Interrupt Active. _ Status bit TIA is on whenever 
the transmitter is driving IRQ low. 


- Q9 


. Transmitter Setup Bit. When the host processor changes the 
transmitter configuration register, the.host must write a 1 in. 
the TSB bit. Bit TSB goes to 0 when the change becomes 
effective. 


RECEIVER CONFIGURATION $. 
The host processor configures the receiver by writing a control 


byte into the receiver configuration register (1:6) in the interface. 
memory space as shown in the: following table: 


Receiver Configuration Register (1:6) 


_ Definition of Receiver Configuration Terms: 


.Hexadecimal frequency numbers (ЕВЕОМ, FREQL) for ¢ com- _ 


monly generated tones are given in the following table: 


‘Commonly Generated Tones - 


462 Hz 
| 1100 Hz 


1650 Hz 
1850 Hz 
2100 Hz 


TRANSMITTER HANDSHAKE . 


The host processor performs a handshake sequence with the 


transmitter by controlling and testing bits in the transmitter hand- 
shake register (0:E) in the interface aa space as shown 
in the folowing table: 


Transmitter Handshake ‘Register (0: E) 


| Мо. | Configuration | Configuration Word (HEX) 


RLTS: Receiver Long Training Sequence 

RV29: ‘Receiver V.29 Configuration | 

RDR3: Receiver Data Rate 3 (Selects 9600 bps/V. 29) 
RDR2: Receiver Data Rate 2 (Selects 7200 bps/V.29 and 
m Selects 4800 bps/V.27) | | 

RDR1: Receiver Data Rate 1 (Selects 4800 bps/V.29 and 


Selects 2400 bps/V .27) 


Control words for: the two receiver configurations are given in 
hexadecimal format in the following table: | 


Receiver Configuration Control . 


_ V.29 9600 
\.29 7200 / 
V.29 4800 . 


V.27 4800 Long. | 
V.27 2400 Long 
. V.27 4800 Short. 
V.27 2400 Short 


зебре WE 


Definition of Receiver салты ыр 


1. V.29. When. any of the V.29 configurations has been - 
selected, the transmitter operates as specified in CCITT | 


recommendation V.29. 


2. V27 When any í of the V.27 configurations has been selected, | 


. the transmitter operates as specified in CCITT recommen- 
| dation V27. — 


А RECEIVER OPTION | 


The host processor conveys option О to the transmit- 
er by writing a control byte into the option register (1:7) in its 
interface memory ш as shown in the following table: 


Receiver Option Register (1:7) 


reer Гане Tons [owe [oes [ виа [ort [owe 


Definition of Receiver Option Terms: 


RTH2, 1: Receiver Energy Detector Threshold (Bits 2 and 1) 
DDIS: | Descrambler Disable 

RPDM: Receiver Parallel Data Mode 

SWRT:: Sample Write 

ВИНТ: “| Baud Write 

T2: | T/2 Equalizer Select 

RTDIS: X Receiver Training Disable 


Definition of Receiver Options: 


4. Receiver. Energy Detector Threshold. (Bits 2 and 1). The 
_тесемег епегду detector threshold is set by bits RTH2 and- 
Вт according to the following table: 


Receiver Energy Detect Thresholds 


|  RLSDOff 


RLSD On 


_2. Descrambler Disable. When the DDIS, bit (1 75)i is оп, the 
| receiver descrambler circuit is removed from the data path. 


3. Носа Parallel Data Mode. When the RPDM bit а: 7. 4) is 


on, the receiver supplies data to the receiver data register (1:0) 
in parallel with. the hardware serial data output. _ 


4. Sample Write. "When the SWRT bit (1 73) is оп, the. 16-bit - 


` word in registers 1:1. апа 1:0 is written т the. RAM location 
specified by the contents of t register 1:4. 


5. Baud Write. When the BWRT bit ( :7:2) ів оп, the 16-bit word | 


in locations 2:1 and 2:0 is written in the RAM cation specified 
ру the contents of register 2:4. 


Гатна | нтнт | bois [neow | зият [винт | та [RTOS 


| 6. T/2 Equalizer Select. 


_ 9600 bps Data Pump Modem 


_ tive equalizer with two taps per baud is used. When T2 is off 
the equalizer has. one. tap per baud. 


7. Receiver Training Disable. “When the RTDIS bit (1:7:0) is on, 
the receiver is prevented from recognizing a training 
sequence. 


А RECEIVER SAMPLE HANDSHAKE 
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4. Receiver Setup Bit. 


space as shown in the following table: 


The host processor performs a handshake sequence with the | 
| тесеіуег sample rate device by controlling and testing bits in the 


receiver sample handshake register (1:E) in the Interface memory 
space as shown in the following table: 


Receiver Sample Handshake Register (LE) | 


Definition of Receiver Sample Handshake Terms: 


RSIA: Receiver Sample Interrupt Active 
RSSB: Receiver Sample Setup Bit _ 
RSIE: . Receiver Sample. Interrupt Enable 
RSDA: Receiver Sample Data Available. 


Definition of Receiver Sample Handshake Sequence: 


1. Receiver Sample Data Available.: The RSDA bit goes on 
when the receiver writes data into the receiver data register 
(1:0). The bit goes off when the host processor reads data 
Tm roomer 1: 0. 


vi 2. Receiver Sample interrupt Enable. When the host processor : 


writes a 1 in the RSIE bit, the IRQ line of. the hardware inter- 
face is driven low when RSDA is on. 


3. Recsiver Sample Пиве Active. Status bit RSIA is on 
whenever the Receiver Sample rate device i is driving ІНО low. 


When the hóst | processor changes the 

. receiver configuration. or bits 6 or 7 т the option register, the 
7 host must write a 1 in the RSB bit. Bit RSB opos: to 0 when 
| ће changes become effective. | 


RECEIVER BAUD HANDSHAKE. 


j The host processor performs a handshake sequence with the е 
гесеімег Баха гаје деуісе Бу controlling ; апа testing bits іп the: 


receiver baud handshake register (2: E)in the interface memar 


Receiver Baud Handshake Register (2: 5 


When the T2 bit (1: :7:1) is оп; an adap- | 


R96DP 
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Definition of Receiver Baud Handshake Terms: 


RBIA: _ Receiver Baud Interrupt Active | 4 
АВЕ: Receiver Baud Interrupt Enable 
RBDA: Receiver Baud Data Available 


Definition of Receiver Baud Handshake Sequence: 


1. Receiver Baud Data Available. The RBDA bit goes on when 
the receiver writes data into register (2:0). The bit goes off 
when the host processor reads data from register 2:0. 


2. Receiver Baud Interrupt Enable. _ When the host processor . 
writes a 1 in the RBIE bit, the ТВО line of the hardware inter- 
face is driven low when АВОА і5 оп. | 


3. Receiver Baud Interrupt Active. Status bit RBIA is оп 
мы the receiver baud rate device is driving IRQ low. 


RECEIVER SAMPLE STATUS 


The host processor has access to various status bits that reflect 
| operation of the receiver sample rate device: These bits can be 
tested by the host by reading the receiver sample status word 
(1:8 and 1:9) in the interface memory space as shown in the 
following tables: 


Receiver Sample Status Register 1 (1:8) 


Definition of Receiver Sample Status Terms: 


Р2ОЕТ Period Two Detector 
FED: Fast Energy Detector 


" Definition of Receiver Sample Status Conditions: 


221. Period Two Detector, When the P2DET bit (1:8:2) is off, it indi- : 


cates that a P2 sequence has been detected. This bit sets 
to a 1 at the start of the receive data state. 


2. Fast Energy Detector. When the FED bit (1:9:6) is off, it indi- 
. cates that energy above the receiver threshold is present in 
· the passband. 
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RECEIVER BAUD STATUS 


The host processor has access to status bits that reflect opera- 
tion.of the receiver baud rate device. These bits can be tested 
by the host by reading the receiver baud status word (1:B) in 
the interface memory space as shown in the following table: 


Receiver Baud Status Register (1:B) 


вит | eue | виз | вна | 
EG GUN. 


Definition of Receiver Baud Status Terms: 


PNDET: Period М Detector 
CDET: Carrier Detector 


Definition of Receiver Baud Status Conditions: 


1. Period М Detector. When the PNDET bit (1:B:6) is off, it indi- 
cates a PN sequence has been detected. This. bit sets to а 
1 at the end of the PN sequence. | 


2. Сагпег Detector. When the CDET bit (1:B: 0i is off, it indicates : 
that passband energy is being detected and that a training 
sequence is not in process. It goes off at start of data state 
and goes to a 1 at end of received signal. . 


RECEIVER DATA - 


The host processor accepts input data from the receiver in 
parallel mode by reading a byte from the receiver data register 
(2:0) in the interface memory space. The data is divided on inte- 
gral baud boundries identical to the transmitter data register with 
bit O received first. Note that the receiver data register is used 
for diagnostic data in the serial mode. 


DIAGNOSTIC CAPABILITIES _ 


The R96DP provides the user with access to much of the data 
stored in the modem's memories. This data is a useful tool in 
performing certain diagnostic functions. 


HARDWARE DIAGNOSTIC CIRCUITS 


Signal names and descriptions of the Бабата diagnostic 
circuits are given in the following table: | 


Hardware Diagnostic Circuits 


| Pin Мо. | Description | (0 


Eye Pattern Data — X Axis 
Eye Pattern Data — Y Axis 
Eye Pattern Clock | 
| Eye Pattern Synchronizing 
Signal 


EYEX 
EYEY . 


EYECLK 
EYESYNC 


К ву Ранет Generation - — - The four hardware diagnostic circuits 
allow the user to generate and display an eye pattern. Circuits 


, EYEX and EYEY serially present eye pattern data for the horizon- 


tal and vertical display inputs respectively: The 8- bit data words 
. are shifted out most significant bit first, clocked by the rising 
| едде of the EYECLK output. Тһе EYESYNC output is provided 


for word synchronization. The falling edge of EYESYNC may > 


. be used to transfer the 8-bit word from the shift register to a 
| holding register. Digital. to analog conversion can then be per- 
formed for driving the X and Y inputs. s an v онстовсоре. | 


SOFTWARE DIAGNOSTIC CIRCUITS - 


‘Each receiver device (sample rate and baud rate) contains six | 


registers in the interface memory space dedicated to reading 
' and writing modem RAM locations. from the host processor bus. 
Four of these registers are organized into 2-byte data words and 
the remaining two registers form 1-byte control registers that hold 
RAM access codes. Data is read from RAM into the data 
. registers. Data is written into RAM from the data registers. The 
_ RAM location involved in the data transfer is specified by the 


RAM access code stored in the associated diagnostic control 


register. The diagnostic registers. are related as shown in the 
following table: 


‚ Software Diagnostic Registers | 


| Sample | XS (1:5) None XSM (1:3) “XSL (1:2) 
Sample | YS (1:4) | SWRT (1:7:3) | YSM (1:1) | YSL (1:0) 
-| Baud | ХВ (2:5) None | XBM (2:3) | XBL (2:2) 
` Baud | YB (2:4) | BWAT (1:72) | YBM (2:1) | YBL (2:0) 


*In parallel mode, register 1 :0 is used for receive data and 
. по етее даа. 


. Data transfer | is regulated by the appropriate data available bit. . | 


Reading always takes place at the designated rate, and data 


ХИ > Control Data Word - Data Word | 
| “Device Register Write Bit (MSB) (LSB) 


“9600 bps Data Pump Modem - 
RAM Access Codes | "y 


| Function — 
| Received Signal Samples. 
| Demodulator Output | 
‘Low Pass Filter Output 
One Baud Energy 
AGC Gain Word - — MSB’s 
| AGC Gain. Word - — 1585 | 


_| Equalizer Input 
‘Equalizer Tap Coefficients 
Unrotated Equalizer Output 
Rotated Equalizer Output : 
(Received Points) . PEE. 
| Decision Points (Ideal Data Points) =| 
Error Я 
| Rotation Angle ^ 
Frequency Correction (MSB: 5) 
Frequency Correction (LSB's) 
| EQM 


POWER-ON INITIALIZATION 


When power is applied to the R96DP, a period of 100 to 300 ms 
is: required for initialization. The power-on-reset signal (POR) 


remains low during the initialization period. After the low to high _ 


ТЕ transition of POR, the modem is ready to operate. At POR те | 


the. modem defaults. to the following . configuration: V.29, 


_ 9600 bps, T/2, long echo protect disable tone, serial data mode,. . | 


internal clock, cable select 1.8 Km, amplitude and delay 


equalizers enabled and Japanese 3 link curves selected, s | | 
transmitter output level set to - 0.5 dBm +0.5 dB, interrupts’ 


disabled, and receiver threshold set to -43 дВт. 


"РОВ. can also be used to initialize the ивегв 5 host processor. | 


и may be connected toa user supplied power on -reset signal 


_ м a wire-or Configuration. 


left in the data registers is overwritten each cycle. When the pu | 


“associated write bit is set, a write cycle is performed. each time NS | 
Bit Error Rates — The Bit Error Rate (BER) Bertormánce of the 
M modem is specified for a test configuration conforming to that | 

“specified in CCITT: recommendation V.56, except with regard 
Ло the placement of the filter used to bandlimit the white noise | 
- .Source. Bit error rates are ‘measured ata received’ line иш. | 
E level of -40 dBm as illustrated. 


ane associated data available bit is off. 


- Тһе eight bits of registers 2:3 and 2:1 ~ continucusiy presented | 
зепайу оп’ hardware. Interface. lines - ЕУЕХ. and EYEY ^^ 


2 respectively. 


RAM ACCESS CODES | 
Jh The following table lists access codes for frequently used RAM 
da data: | | | 


22. Whether functioning as а У.27 bis/ter ог V.29 type modem, the 
R96DP provides the user with. unexcelled high performance: 


- Phase Jitter E 2400 bps, the moder exhibits a bit error rate 


of 10-6 or less with a signal-to-noise ratio of 12.5 dB in ће 


`: presence. of 159 peak-to-peak phase jitter at 150 Hz or with a 
в signal-to-noise ratio of 15 dB in the presence: of od SET зена | 
| phase ter. at 120 Hz (scrambler ыы | 
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At 4800 bps (V.27 bis/ter), the modem exhibits a bit error rate 
of 10-6 or less. with a signal-to-noise ratio of 19 dB in the 
presence of 15? peak-to-peak phase jitter at 60 Hz. 


4800 BPS 


Bit Error Rate. 


12 14 16 18 20 22 24 26 28 30 
SIGNAL-TO-NOISE RATIO dB 


10 


Typical Bit Error Rate Performance 


NOISE 
SOURCE 
GR1381 
50 KHZ BW 


IMPAIRMENT 
SOURCE 
BRADLEY 2A 


MODEM 
TRANS- 
MITTER 


LINE 
SIMULATOR 


ENGINEERING 
МОРЕМ 
CONSOLE 


NOTE 


At 9600 bps, the modem exhibits a bit error rate of 10-9 or less 
with a signal-to-noise ratio of 23 dB in the presence of 10? peak- 
to-peak phase jitter at 60. Hz. The modem exhibits a bit error 
rate of 10-5 or less with a signal-to-noise ratio of 23 dB in the 
presence of 60? peak-to-peak phase jitter at 30 Hz. 


INTERFACE CIRCUIT CHARACT ERISTICS 
DIGITAL INTERFACE CIRCUITS 


Digital Input Characteristics 


Input Logic State . Allowed Input Voltage Levels 


Low 0.0V to +0.8V at: – 2.5 дА 
. High 
:Notes 


+ 2.0V to +5.0У at + 2.5 „А 
1. Тһе digital inputs are directly TTL/CMOS. НИЕ Тһе 
capacitive loading оп each input is 25 pF (maximum). 
. Positive current is defined as current into the node. 


Digital Output Characteristics Е 


^ | Output Voltage Level 


+0.4V at +1.6 mA. 
+2.4V at — 100 pA 


' Output Logic State ` 


Notes 
. The digital outputs are directly TTL/CMOS compatible. 
Capacitive drive capability is.25.pF. . 
. Positive current is defined as current into the node. 


LEVEL 
METER 
HP 3552A 


ATTENUATOR 
| HP 3500 


МОРЕМ 


ATTENUATOR | 
> RECEIVER 


. HP 3500 


ENGINEERING 
MODEM | 
CONSOLE 


Signal and noise are measured with 3 kHz flat weighting. 


BER Performance Test Set-up 
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| ANALOG INTERFACE CIRCUITS 


| Transmitter Output Level — . The transmitter output level is 
_ adjustable in 2 dB steps from - 0. 5 dBm to — 14.5 dBm accurate 
^to +0.5 dB. This level is measured at TXA into a 600 ohm 
impedance. 


· Receiver Input — The receiver input impedance is 63. 4K 
_ ohm +5%. 


ps Auxiliary Transmitter Input — The auxiliary transmitter input 
’ (AUXIN) allows access to the transmitter for the purpose of 
-interfacing with user provided equipment. Because this is a 
sampled data input, signals above 4800 Hz will cause aliasing 
errors. The input. impedance i is 1K ohm and the gain to transmit- 
- ter output is OdB. 


R96DP SPECIFICATIONS - 
Power Requirements | 


Voltage | Current (Max) 


+5 Vdc «700 mA 


+ 12 Мас | <20 тА 
– 12 Мас | 5% <80 mA | 


Note: All voltages must have ripple «0.1 volts peak-to-peak. 


Environmental 


| 
Тетрегашге: | | 
Operating— ___| 09С to + 60°C (32 to 14092) 
Storage— | -40"С to 4 90*C (—40 to 176°F) 
| | | Stored in heat sealed antistatic bag 
| | and shipping container 
Relative Humidity: _ Up to 90% noncondensing, or a wet 


bulb temperature up to 35°С, | Mas ыд | MEE | 
НОО а less. | E | о "и За 


Mechanical Information. | 


Board Structure: © | | Single PC board with single right 
angle header with 64 pins, DIN 41612 
or equivalent mating connector. | 


Dimensions: 0 ' Width—3.94 in. (100 mm) 
| Length—4.70 in. (120 mm) 
Height—0.55 in. (1.40 cm) 

Weight: | Less than .22 Ibs. (.08 kg) 
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Rockwell 


R96FT 


Integral Modems 


R96FT 


9600 BPS FAST TRAIN МОРЕМ | 


PRELIMINARY 


INTRODUCTION 


The R96 Fast Train (FT) is a synchronous, serial 9600/7200/ 
4800/2400 bps modem suitable for operation over dedicated un- 
conditioned lines. It satisfies the telecommunications require- 
ments specified in CCITT Recommendations V.29 and V.27 
bis/ter. | 


The R96FT is specifically optimized for use in a multipoint 
environment requiring a fast training sequence of less than 30 
msec at 9600 bps and less than 20 msec at 4800 bps. The op- 


tional secondary channel, small size (100mm by 160mm), and 


low power consumption (4 watts typical) offer the user flexi- 
bility in creating a 9600 bps modem customized for specific 
packaging and functional requirements. | 


Data can be transferred to and from the modem either serially 
over the CCITT V.24 interface or in parallel over the micropro- 
cessor bus interface. 


The R96FT is a member of Rockwell's family of plug compat- 
ible 9600/4800 bps modems. 


Product availability is winter, 1984. 


R96FT Modem 


FEATURES 
Configurations за М 
--ССІТТ V.29, V.27 bis/ter 


e Fast Training Sequence «30 msec/9600 bps, <20 msec/ 
4800 bps 


Ideal for Multipoint Applications = 
Plug Compatible with Rockwell В96ОР, R48DP Modems 
Secondary Channel (Optional) 110, 75.bps - 
Dynamic Range: —43 dBm to 0 dBm | 
Equalization 
— Automatic Adaptive 
—Compromise Cable (Selectable) 
— Compromise Link Amplitude (Selectable) 
e DTE Interface: Two Alternate Ports | 

— Місгоргосеѕѕог Bus 

--ССІТТ У.24 (Н5-232-С Compatible) 
e Diagnostics 
— Provides Telephone Line Quality Monitoring Statistics 
Programmable Transmit Output Level 
e Loopbacks = 
— Local Analog . 
— Remote Analog (Locally Activated) 
—Remote Digital (Locally Activated) | | 
Small Size—100mm x 160mm (3.94" x 6.30") | 
Power Consumption—5 Watts Typical 
e TTL and CMOS Compatible 


Document No. 29220N45 
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Product Summary Order No. 645 
Rev. 2, March 1984 


R96FT "E ПОЕТО 9600 BPS Fast Train Modem 


Е E. „үү 
| © USRT To 
(OPTIONAL TXD | 
| | | e ЕҮЕХ 
| gO | ЕУЕУ 
| XICLK |___ЕУЕБУМС___ 
eg ЕР ~ __ЕУЕСК.__ „| 
e е 
| RXD _ ® 
| RDCLK _ ~ 
| TBCLK _ ~ 
| | | | 
RBCLK __ ~ УМЕ 
| READ ) TXOUT и - : ТЕ EM E 
МЕНІ WRITE P E NM ) TELEPHONE 
| | DATA BUS (8) | | | 


ТЕРИ -<- ADDRESS BUS (4), 


[osconen P= о ды m 
Dez. "ту о—5©н150 y ој (OPTIONAL) 
© SCRXD . 
+5 
R96FT Functional Interconnect Diagram 
SPECIFICATIONS 
Power Requirements | 
+5 Мас+5% <900ma E Temperature: Operating O to 609С 
+12 Уас--5% <30ma | ща, Storage - 40 to 909С E 
—12 Мдс+ 5% <130ma | та CENE за Relative Humidity: Up to 9096 noncondensing, or a ме! bulb 


temperature up to 35°С, whichever i is less. 
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Rockwell 


V96P/1 


Integral Modems 


V96P/1 


HIGH SPEED 9600 BPS MODEM 


INTRODUCTION 


The Rockwell V96P/1 is a versatile, high eae 9600 bps 
modem on a single printed circuit board. Being CCITT V.29 and 
V.27 compatible, the V96P/1 (with minimal interface circuitry) 
can operate on dedicated 2-wire or 4-wire half-duplex or 4-wire 
full-duplex . lines. The V96P/1 can also operate in half-duplex on 
the general switched network. | 


Measuring approximately 9.2 inches (23.3 cm) by 6.3 inches 
(16.0 cm), the V96P/1 is the smallest full-feature 9600 bps 
modem that approaches data communication theoretical per- 
formance limits. 


. The V96P/1 meets the tolerances specified ir in the CCITT V.29, 


. V.27 bis (alternate А), V.27 ter and FSK T.30 specifications. In 
addition, the V96P/1.can be configured to be functionally com- 
patible with those enhanced specifications available in the 
Rockwell V96P, M96P, and V29P modem series. 


Document No. 29220N30 


FEATURES 


Single printed circuit card 

9600/7200/4800/2400 bps modes 

Full-duplex or half-duplex — 

Dedicated or general switched network lines operation 
Ultimate user flexibility: 

--ССІТТ V.29, У.27 ter, V.27 bis compatible 
--Аво 300 bps binary signalling per CCITT T.30 
TTL compatibility 

Automatic adaptive equalizer | 

Analog loopback test circuitry 

0 to —45 dBm dynamic AGC 

LSI signal processing 

High reliability 

Low power consumption: 

— Typically 3.5 watts 

e Automatic training sequence for receiver 


Data Sheet Order No. 630 
March 1983 


^"W96PÀ Е ^ . Ніюһ Speed 9600 BPS Modem 
FUNCTIONAL SPECIFICATIONS | 


TRANSMIT CONTROLS 


HIGH SPEED DATA INPUT TRANSMITTER TRANSMITTER | LOWPASS |“ 
TRAINING DEVICE , РЕ . SIGNAL 
DEVICE | | 


‚ FSK DATA МРОТ 


| | FSK __ | | | 
FSK DATA OUTPUT BANDPASS 3 LOOPBACK 
| | = FILTER 


EYE QUALITY 


RECEIVER 
DEVICE 


m BANDPASS | 
HIGH SPEED RECEIVER | ADC . де Нұ | LNE 
DATA OUTPUT ence DEVICE AGC, SIGNAL 
| THRESHOLD | 
SELECT 


RECEIVE CONTROLS 


V96P/1 Functional Block Diagram 


Transmit Carrier and Signalling Frequencies | Transmitted Data Spectrum 


Carrier Frequency Codex  “ | At 2400 and 1600 baud the transmitted spectrum is shaped 
Compatible QAM: .1706.667 Hz = 0.01% by approximately a square root of 50 percent raised cosine 
Carrier Frequency V.29: 1700 Hz = 0.01% filter function. At 1200 baud the spectrum is shaped by 
Carrier Frequency V.27: 1800 Hz = 0.0196 approximately a square root of 90 percent raised cosine filter 
Echo Suppression Frequencies: 2100 Hz = 0.01% function. 
и 2025 Hz + 0.01% | | | 
Signalling Frequencies of T.30: | 1850 Hz x 0.0196 The 2400 baud configurations require a line with typical 
PN 1650 Hz - 0.01% 3002-C2 or M1020 characteristics over the frequency range 
1300 Hz = 0.01% from 450 Hz to 2950 Hz. The 1600 and 1200 baud rate con- 
1100 Hz = 0.01% | figurations require a usable bandwidth from 950 Hz to 2650 
| Hz and 1150 Hz to 2450 Hz respectively. 

Received Signal Frequency Tolerance Data Encoding 
The receiver can receive frequency errors of up to = 10 At 2400 baud the data stream is divided into groups of four 
Hz with less than a 0.2 dB degradation in PIE Er пав bits (quadbits), three bits (tribits), or two bits (dibits). The data 
performance. rate of 9600 bps, 7200 bps, or 4800 bps is selected by a 16- 


point, 8-point, or 4-point data structure, respectively. For 
Data Signalling and Modulation Rate 2400 baud operation, when V.29 configuration is selected, 


At 2400 baud: | encoding of the quadbits, tribits, and dibits are per CCITT | 
Signalling Rate— — | 2400 baud + о. 01% Recommendation У.29. | | | 0 
Data Rate — | 9600 брз + 0.0196 | | | 

| | | “7200 bps + 0.01% At 1600 baud the data stream is divided into groups of three | 
| 4800 bps = 0.01% bits (tribits). The data rate of 4800 bps may use either an 8- 

At 1600 baud: - ae | point QAM structure ог 8-phase structure. Encoding of the 
Signalling Rate — ^. < 1600 baud + 0.01% tribits in the 8-phase structure are per CCITT Recommen- 
Data Rate — 4800 bps + 0.01% dation V.27 ter. | 

At 1200 baud: | 
Signalling Rate — 1200 baud = 0.01% At 1200 baud the data stream is divided into groups of two 
Data Rate — 2400 bps + 0.01% bits (dibits). The data rate of 2400 bps uses a 4-phase data 
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structure. Encoding of the dibits may be per the fallback rate 


of CCITT Recommendation V.27 bis and ter (same as У.26А) | 


ог У26В depending on the selected configuration. 


Turn-on, Turn-off Sequences 


The V96P/1 turn-on sequences are ЕРРЕТИ with CCITT 
Recommendations V.29, V.27 bis (alternate i), V.27 and 
Rockwell M96P modem specifications. 


The turn-off sequences for all V.27 modes (except the 1600 
baud rate manual V.27 mode) consists of 5 to 10 millisec- 
onds of remaining data followed by continuous scrambled 1's 
followed by no transmission energy. The period of no trans- 
mission energy is provided by turning off the transmitter key 
` signal for а recommended duration of 20 milliseconds. | 


The turn-off sequences for all non-V.27 modes consists of 
4 to 7 milliseconds of remaining data followed by a period of 
no transmission energy. 


| Ready For Sending Response Times. 


The Ready For Sending résponse time to a Request To Send 
is determined by the configuration selected and its corre- 
‚ sponding training time. In the. following chart of configura- 
tions, the Training Times are shown in milliseconds. Note, 


however, that the 1600 baud manual CCITT configurations. | 
actually specify the synchronizing sequence timing per ССІТТ 


. V.27 rather than the training time. Also note the following 
. abbreviations. | 


Transmitter Configuration Inputs 1 through 
5. These five bits establish the octal code 
shown where P1 and P2 are the most sig- 
nificant octal digit and РЗ through P5 
establish the least significant octal. digit 
shown in the chart. | 


ПС (1Р-БР): 


IRC (1 P-5P): Receiver Configuration Inputs 1 through 5. 
shown where P1 and P2 are the most sig- 
nificant octal digit and P3 through. P5 
establish the. least significant octal digit 
shown in the chart. 


1888 (1Р-2Р), 
ITSS (1P-2P): 


Receiver Signal Structure and Transmitter 
Signal Structure. Where P1 and P2 estab- 
lish an octal code of 0, 1, 2, or 3. They 
define the signal structures as follows: 
0 selects 16-point QAM 
1 selects 8-point QAM | 
2 selects 4-point QAM 
3 selects DPSK as: 
8-phase at 1600 baud 
4-phase at 1200 baud 


These five bits establish the octal code - 
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Received Line Signal Detector (D109) 


The time response of the Received Line Signal detector cir- 
cuit (D109) is a function of the length of the received turn-on 
sequence. Circuit D109 turns on after synchronizing is com- 
pleted and prior to user data appearing on the received 


_ output line. 0109 turns оп for approximately 2 milliseconds 


after the echo protect tone disappears in the V27EP config- 
urations (Nos. 16, 18, 21, 23, 25, 29 and 32 in Table 1). 


‘For non-CCITT configurations (Nos. 7, 8 and 9 in the table 


оп раде 4), 0109 momentarily goes оп at the beginning of : 
the synchronizing sequence. 


When no synchronizing signal is detected at the receiver, 
0109 turns on in 5 to 15 milliseconds for an applied signal 
greater than 3 dB above the turn-on threshold. If training is 
not enabled- at the receiver, D109 turns on in 5 to 15 
milliseconds. | | | 


Three threshold options are provided: 


1) Greater than —43 dBm: D109 ON 
Less than. —48 dBm: D109 OFF 
2) Greater than —26 dBm: 0109 ОМ .. 
" Less than - 31 dBm: 0109 OFF 
3) Greater than -16 dBm: D109 ON 
0109 ОБЕ ` 


Less than -21 dBm: 


` The three threshold options are controlled by the condition 


of the THRESH1 and THRESH2 control lines as indicated 


. below. 
dB Level THRESH1 THRESH2 
-43 dBm ON Open Circuit Open Circuit 
—26 dBm ОМ Open Circuit _ Oto —0.5V 
—16 dBm ОМ 0 to —0.5V Open Circuit 


When the received signal drops 5 dB below the D109 turn - 


off threshold, D109 will turn off in 5 to 15 milliseconds. The 


condition of D109 between the selected turn-on and turn-off 
thresholds is not specified except that a hysteresis action of 
greater than 2 dB exists between the off-to-on and on-to-off 
transition levels. 


Recommended circuits to control THRESH1 and THRESH2 
input interface lines are shown in the diagrams on page 5 
(А, B and С). | 


Bit Error Rates . 


The V96P/1 is thoroughly tested to guarantee: Bit Error Rate 
(BER) performance under test conditions equivalent to CCITT 
Recommendation V.26. The test set-up used by Rockwell is 
shown in the BER Performance Test Set-up diagram. 


The results of these BER performance tests are shown in the 
Typical Bit Error Rate Performance diagram. 


.V96P Configurations 


Transmitter 
ITC (1P-5P) 
No. Configuration (Octal Code) 
1. | 2400 Baud DIAL 02 
2. | 2400 Baud DIAL — T/2 02 
3. | 2400 Baud P-P 00 
4. | 2400 Baud P-P — T/2 00 
5. | 2400 Baud V29 01 
6. | 2400 Baud V29 — T/2 01 
227. | 1600 Baud DIAL, CCITT DIAL ~~ 22 
8. | 1600 Baud DIAL — Т/2 | 22 
| 9. | 1600 Baud DIAL Slow | 36 
10. | 1600 Ваџа Р-Р 20 
11. | 1600 Baud Р-Р — Т/2 20 
12. | 1600 Ваџа Есћо 34 
13. | 1600 Baud Manual CCITT 32 
14. | 1600 Baud Manual CCITT 30 
15. | 1600 Baud V27 DIAL/P-P 23 
16. | 1600 Baud V27 DIAL/P-P EP 27 
17. | 1600 Baud V27 DIAL/P-P — T/2 23 
18. | 1600 Baud V27 DIAL/P-P — T/2 EP 27 
19. | 1600 Baud V27 Multipoint — T/2 | 21 
20. | 1600 Baud V27 Resync (use with 21 
configuration 15) | 
21. | 1600 Baud V27 Resync EP (use 25 
with configuration 16) | 
22. | 1600 Baud V27 Resync — Т/2 (use 21 
| with configuration 17) 
23. | 1600 Baud V27 Resync — Т/2 ЕР | 25 
(use with configuration 18) 
24. | 1600 Baud V27 Echo 23 
25. | 1600 Baud V27 Echo EP 27 
26. | 1200 Baud DIAL > > 14 
27. | 1200 Baud P-P 10 
28. | 1200 Baud V27 DIAL/P-P 13 
29. | 1200 Baud V27 DIAL/P-P EP 17 
30. | 1200 Baud V27 Multipoint 11 
31. | 1200 Baud V27 Resync (use with 11 
configuration 28) 
32. | 1200 Baud V27 Resync EP (use 15 


with configuration 29) 


NOTE: Carrier frequency is 1706 2/3 Hz when IRSS (1Р-2Р) is a 1 (8-point). 


Signal 
. Structure | | 
Receiver IRSS (1P-2P) | Data | Training Carrier 
IRC (1P-5P) ITSS (1P-2P) | Rate | Time Frequency 
(Octal Code) | (Octal Code) | (bps) | (msec) (Hz) 
00 0,1,2 | 320 1706 2/3 
01 0,1,2 9600 320 1706 2/3 
00 0,1,2 7200 280 1706 2/3 
01 0,1,2 4800 280 1706 2/3 
02 0,1,2 233 | 1700 
03 0,1,2 233 1700 
22 1,3 4800 | 181 МОТЕ 
36 1,3 4800 | 181 МОТЕ 
22 1,3 4800 221 МОТЕ 
20 1,3 4800 | 141 МОТЕ 
32 1,3 4800 141 МОТЕ 
34 1,3 4800 480 МОТЕ 
30 3 4800 20 (V.27 Sync | 1800 
Sequence) | 
30 3 4800 50 (V.27 Sync| 1800 
Sequence) 
23 3 4800 708 1800 
23 3 4800 923 1800 
33 3 4800 708 1800 
33 3 | | 4800 923 1800 
27 3 4800 | 50 1800 
25 3 4800 50 1800 
25 3 4800 | 265 1800 
35 3 4800 50 1800 
35 3 4800 | 265 . 1800 
237 3 4800 | 708 1800 
37 3 4800 | 923 1800 
10 3 2400 | 170 1800 
. 10 3 2400 117 1800 
11 3 2400 | 943 . _ 1800 
11 3 2400 | 1158 1800 
15 3 | 2400 | 66 1800 
13 3 2400 | 66 1800 
13 3 2400 | 281 1800 


Carrier frequency is 1800 Hz when IRSS (1Р-2Р) is a 3 (8-phase DPSK). 


Data Scrambler Selection 


The V96P/1 makes available to the user one CCITT V.29 
compatible scrambler, five different period 127 scramblers 
(апа descramblers), and а no-scramble option. These 
scramblers provide data transmitted by the V96P/1 with the 
degree of randomness necessary to ensure the continued 
· convergence of all adaptive processes at the receiver. The 
seven possible scrambler configurations that are user soft- 
ware selectable are: | т 


Period 127 cryptographic 

Period 127 synchronizing 

CCITT period 127 self-synchronizing (compatible with 
CCITT Recommendation V.29) 

Period 8,388,607 self-synchronizing (compatible with 
CCITT Recommendation V.29) 

Period 127 self-synchronizing with 8-bit protection 
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e CCITT period 127 self-synchronizing (compatible with 
CCITT Recommendations V.27 bis and ter) | 
e No scrambler 


All scramblers can be used with all modem configurations 
listed in the above table except for the cryptographic scram- 


bler which cannot be used in the CCITT V.29 configuration. 
MODES OF OPERATION 


The V96P/1 has two modes of operation; a training mode 


and a data mode. In order for the receiver to correctly decode - 


the transmitted data, the V96P/1 must detect the presence 
of a line signal, adjust the AGC, detect the presence of a 
training sequence, recover the baud timing of the transmitter, 
phase and frequency lock to the carrier associated with the 
received signal, and adapt the equalizer to the amplitude and 
delay characteristics of the channel. This learning process 
is accomplished most efficiently when the transmitter initiates 
a training sequence whenever a new transmitter-receiver 


V96P/1 в | A  . . High Speed 9600 BPS Modem 


4800 BPS V27 TER 
2400 BPS V27 TER | 7200 ВР5 У29 


300 ВР5 4800 ВР5 У29 a 9600 BPS У29 


THRESH1 
or THRESH2 


ВІТ ERROR RATE 


CMOS 
MM74C907 


—— —»- THRESH1 ог 2 


о 2 4 6 8 10 12 14 16 18 20 22 24 
SIGNAL TO NOISE RATIO 


Suggested Interface Circuits for Controlling 
_THRESH1 and THRESH? Input Lines 


Typical Bit Error Rate Performance 


NOISE 


SOURCE ATTENUATOR LEVEL 
METER 
GR1381 HP 350D ы 
50 KHZ BW HP 


IMPAIRMENT 
SOURCE 
BRADLEY 2A 


ATTENUATOR 
HP 350D 


LINE 
SIMULATOR 


MODEM 
RECEIVER 


NOTE 


THE V.56B CONFIGURATION INCLUDES A PERFECT 0.3 TO 3.4 KHz FILTER 
ON THE NOISE SOURCE. TO ACHIEVE THE SAME EFFECT IN THIS 


ENGINEERING - ` ENGINEERING 


MODEM - CONFIGURATION, THE LEVEL METER USES 15 KHz FLAT WEIGHTING AND MODEM 
CONSOLE 6.85 dB IS ADDED TO THE MEASURED S/N RATIO. E tei CONSOLE 


BER Performance Test Set-up 
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: connection is made. It is possible to зе! up the receiver 
. Without a training sequence, but it is a manual mode requiring 
considerable user effort. In a training mode, an internal gen- 
.erated pattern is transmitted to the receiver to facilitate syn- 
chronization. During the training mode, the data input line to 
the receiver is ignored and the output line does not reflect 
the state of the data input. 


In the data mode of operation, information on the data input 


is strobed by the transmitter signal element clock and trans- | 


mitted to the receiver. The receiver demodulates and decodes 
the. passband signal and outputs the recovered data on the 


output where it is then ready to.be strobed by the receiver 


signal element clock. 


Request To Send—Ready For Sending 


. To initiate transmitter operation in the data or training mode, 
the Request to Send input is brought high. If a training mode 
is not initiated, the Ready for Sending indicator goes high 
within one baud interval and data transmission commences. 


The mode of the receiver is indicated by the data channel 


received line signal detector (D109). For data mode, 0109. 


is high and the receiver training mode indicator is low. 


If the receiver enters the training mode, the receiver training 
mode indicator goes high until the: training mode is com- 
pleted. When training is completed the receiver training mode 
. indicator goes low and, if sufficient signal energy is present 
_ on the input line, D109 goes high, enabling the data mode. 


Training Mode—Dial and Point-To-Point 


For dial and point-to-point configurations, the V96P/1 receiver 
training is automatically initiated whenever a training sequence 
is detected in the received line signal. The training sequence 
consists of two phases: Phase 1 causes the training detector 
to turn on and also makes a course adjustment of the carrier 
frequency variable, which compensates for any frequency 
translation due to the channel; Phase 2 is used to converge 
the adaptive equalizer, which is part of the V96P/1 structure. 


A short scrambler synchronization sequence follows Phase- 


2 and is used to generate the success indicator. In order for 
training to be successful, the incoming training sequence 
must have been generated by a similarly configured: trans- 
mitter using a compatible training sequence. 


At the receiver, detection ofa training sequence requires that 
. there be sufficient signal energy and that the receiver's car- 
_ пег frequency variable be within 30 Hz of nominal. 


Training Resync (V.27 bis/ter Turnaround) 


In a 2-wire half-duplex data communication system, data can 
be transmitted in only one direction at any given instant. 


Therefore, the modems at the local and remote sites are. 


required to interchange their roles as the receiver and the 


transmitter, respectively. This turnaround operation requires - 


constant resynchronization to meet CCITT Несоттепда- 
tions for V.27 bis/ter. 
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The resync configurations аге used for reacquiring synchro- 
· nization in turnaround operation without having to go through 
> the normal long training sequence. The resync training - 
sequences are relatively short and are used for recovering 
carrier phase, symbol timing and achieving equalizer con- 
vergence without resetting carrier frequency and equalizer 
taps. 


Training EON 

In the V96P/1 modem, two multipoint configurations are pro- 
vided for 4-wire circuits conforming to M1020 which permit 
short training sequences. In these configurations, the first 


train signal must be high to process the short training 


sequences; otherwise the receiver will ignore the training 


sequence and enter directly into the data mode. The receiver 
will enter into the training mode if the first train Рола! is high 


and there is sufficient signal energy. 


For 4-wire circuits which are worse than M1020 and for 
2-wire. circuits, a long training sequence should be used 
rather than the multipoint configuration. These training 
sequences. require that the receiver be in the proper dial/ 
point-to-point configuration. 


Training Mode-—Manual 


The V96P/1. modem includes two manual Gonfigüratións in 
which the remote modem need not transmit a special training 
sequence to the local receiver. In these configurations, the 
equalizer tap coefficients for the local receiver must be ini- 
tialized from an external source. Тһе tap coefficients may be 
initialized by controlling three input terms—ICR, ІСІ and 
ICLCP—in synchronization with the Baud Rate Clock. 


_ In order to operate the modem in the manual configurations, 


both the transmitter and receiver must be set according to 
the code shown in Table 1 Modem Configuration. Manual 
configuration code octal 30 has a longer synchronizing 
sequence than configuration code octal 32, but both syn- 
chronizing sequences conform to the CCITT Recommen-. 
dation V.27. However, neither sequence is of sufficient 
duration to aid in training the receiver. 


Receiver Operation During Loss of Line Signal 


When there is no line signal present, all receiver update 
relating to the equalizer, carrier frequency variable and baud 
timing are inhibited and the current values of the equalizer 
taps and the carrier frequency variable are retained. 


DATA QUALITY . | 

The receiver generates an Eye Quality Monitor (EQM) signal 
that can be used to determine the equivalent Gaussian signal 
to noise ratio of the overall system within approximately -- 
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2 db. Eye gaio is determined by calculating the Иа 


between the received signal point after equalization and the - 
- transmitted or expected signal point. The. receiver output . 


DEQ2P is a filtered version of this error signal. It is a serial 
word clocked by the system bit clock (345.6 kHz or 230.4 
kHz, depending on baud rate). Output signal DQGTP is a 
gating signal which delineates the eight MSB's of DEQ2P. 
The use and interpretation of these binary signals are quite 
complex and are dependent on the ápplication and the signal 
structure. The user can derive a meaningful interpretation of 
the EOM readings by monitoring. them while tosing the 
modem against his performance criteria. 


Visual Display of Eye Pattern 


A visual indication of the modem's performance can be 


obtained by displaying the received baseband signal struc- 
ture after equalization. This is done by converting the eight 
MSB's of the real and imaginary equalized signal points 
available on DRERP and DIERP to analog voltages which 


аге then used to drive the horizontal and vertical sweeps of 


an oscilloscope. The resultant display will be a symmetrical 


dot pattern of 16 points, 8 points, or 4 points which is a time | 


representation of the received baseband signal. Any uncom- 
pensated distortion over the transmission path will cause 
each dot in the pattern to enlarge or otherwise show distor- 
tion. A typical visual eye pattern of a 4- “poini PEPAY 5 Shown 
in the following diagram. | Ж 


DISPERSION 
DUE ТО САМ 
ERRORS 


DISPERSION DUE 
TO PHASE ERRORS 


DISPERSION AROUND 
PROPER POSITION DUE 
| | TO COMBINATION OF 
CIRCLE REPRESENTS RANDOM NOISE, PHASE 
PROPER POSITION OF ERROR, AND/OR GAIN 

HIGH QUALITY SIGNAL ERROR 


Typical Eye Pattern 


Success Indicator 


A second data quality indicator is provided for in all config- _ 


urations except the 1200 baud non-V.27 modes. This signal 
provides a rough indication that the training has been suc- 
cessful and that data will be properly received. This "suc- 
© cess" output (DSUCP) will go high during the last one to 


twenty milliseconds of receiver training, provided training Наз. 


been successful. During the data mode (DRTMP low and 
- D109 high), ОИСР will go high whenever 15 consecutive 


data marks or spaces are decoded at the receiver data | 


output. 
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ADDITIONAL CAPABILITIES 


The V96P/1 provides many: additional capabilities germane _ 
to data communication system design and implementation. 
Capabilities such as local loopback, tone generation and 
detection, external clock facilities, and 300 bps FSK opera- 
tion are briefly described in the following paragraphs. 


Local Loopback Capability 


A local loopback option is available for all half ‘apes and full 
duplex modem configurations. The Local Loopback Com- 
mand (ILB) connects the transmitter's output through a buffer 
amplifier to the receiver input, thereby allowing a check of 
the local modem. The ILB command squelches the input to 
the receiver and loops the analog signal то the transmitter 


· to the receiver input. 


An inten pattern generator. is also incorporated in the 
modem which can be used when no modem. test set is 
available. 


Tone Generation And Detection 


The transmitter. can be used to transmit single frequency 
tones for disabling echo suppressors or for system signaling. 
Tones that can бе transmitted (selected through software 


_ control) are: 1100 Hz, 1300 Hz, 1650 Hz, 1850 Hz, 2025 Hz, 


and 2100 Hz. Other tones are also. possible and the carrier 
frequency can be altered by selection of values for a DS 


bit stream. 


External Data Clock | 


The data input to the transmitter can be clocked from an 
external source when the external clock is used as a refer- 
ence input to the data clock's phase locked loop. By applying 
an external clock the reference input will cause the trans- 
mitter data clock to track the frequency and phase of the ref- 
erence. The frequency of the reference clock must be within 
100 ppm of nominal іп-огдег for the receiver's baud timing 
to properly track that of the transmitter. The reference clock 
can be equal to the nominal data clock frequency or be a 


. subharmonic of it as long as the frequency tolerance is 


adhered to. 


300 bps FSK Modem Operation | 


A CCITT T.30 compatible 300 bps FSK modem having char- 
acteristics of the CCITT V.21 channel 2 modulation system 
can also be configured. The FSK modem is capable of gen- 
erating the 1100, 1300, 1650 and 1850 Hz tones. | 


ЕСІЛ Е = ^ — — High Speed 9600 BPS Modem 
SPECIFICATIONS 1 о ар s 
| V96P/1 Specifications 


| | A DC Voltages | Ше 4. 
_Тојегапсе | ^^. Current (Typical) н Сштепі (Мах) 
+ 5 volt. _ «596 e 
+12 volt +5% 
—12 volt +5% 


NOTE: АП voltages must have ripple <0.1 volts peak-to-peak. 


Hn . Environment | 


Temperature: || Operating: 0°C to +60°C (32 to 14092) 
Storage: —40°C to +80°C (—40 to 176°F) 
с (Stored in heat sealed antistatic bag and shipping container) 


Relative Humidity: E Up to 90% noncondensing, or a wet bulb temperature up to 35°С, which- 
E | ever is less. 


‘Mechanical 


Board Structure: Single РС board with edge connector 

Mating Connector: | _ 100 pin, edge connector, two sided, with 0.1 in (2.54 cm) centers. Rec- 
| ommended Viking 3VH50/IJND5 or equivalent mating connector. 

Dimensions: Width—9.188 in (23.338 cm) . Depth— 6.288 in (15.972 ст) 

Weight: Less than 0.45 Ibs (0.20 kg) | 


10-35 


R48DP 


Integral Modems 


. RA8DP 


_ 4800 ВР5 DATA PUMP MODEM 
Rockwell 


PRELIMINARY 
INTRODUCTION | FEATURES 
The Rockwell R48DP is a synchronous seríal 4800 bps modem • User Compatibility: 
designed for full-duplex operation over either four-wire dedicated — CCITT V.27 bis/ter 
unconditioned lines or half-duplex operation over the general е Full-Duplex (4-Wire) 
switched telephone network. • Half-Duplex 
: | | е Programmable Tone Generation | 

The modem satisfies telecommunications requirements specified e Dynamic Range -43 dBm to 0 dBm 
in CCITT Recommendations V.27 bis/ter. е Diagnostic Capability 

Pu de | ў е Equalization: 
The small size and low power consumption of the modem offer | — Automatic Adaptive 
the user flexibility in creating a 4800 bps modem design | — Compromise Cable (Selectable) 
customized for specific packaging and functional requirements. |. — Compromise Link (Selectable) 
E | | • DTE Interface: 
The modem is capable of operating at 4800 and 2400 bps. — Microprocessor Bus 


— CCITT V.24 (RS-232-C Compatible) | 
• Loopbacks (V.54 Loop 2, 3 and 4) 
— Local Analog 
— Remote Analog (Locally Activated) 
— Remote Digital (Locally Activated) | 
Small Size — 100 mm x 120mm (4.0 x 4.8 inches) 
Low Power Consumption (3 watts,typical) 
Programmable Transmit Output Level 
TTL and CMOS Compatible 


R48DP Modem 


Document No. 29200N08 | LUE РАНА | Data Sheet Order No. М008 
| | | Магсһ 1984 


" 4800 bps Data Pump Modem і 


TECHNICAL SPECIFICATIONS 


The following are the technical specifications for the R48DP 
modem. | | 


| TRANSMITTER CARRIER FREQUENCIES 


The transmitter carrier frequencies are given in the following 


table: 


‘Transmitter Carrier Frequencies 


V.27 bis/ter Carrier ` 


TONE GENERATION 


Under control of the host processor, the R48DP can generate 
voice band tones up to 4800 Hz with a resolution of 0.15 Hz and 
an accuracy of 0.01%. Tones over 3000 Hz are attenuated. 


SIGNALING AND DATA RATES 


The signaling and data rates for the RA8DP are defined in the | 


table below: 


Signaling/Data Rates | 


2 Signaling Rate: 1600 Baud 
Data Rate: 4800 bps 
Signaling Rate: . 1200 Baud 
|- -2400bps ` 


Data Rate: 


DATA ENCODING 


At 1600. baud, the 4800 bps data. stream is encoded into tribits 
per CCITT V.27 bis/ter. 


| ы 1200 baud, the 2400 bps data stream is encoded into сон 
рег CCITT У.27 bis/ter. 


_ EQUALIZERS 


The R48DP provides equalization functions that improve per- . 


formance when operating с over low анау, lines. 


Cable Equalizers -- Selectable compromise cable equalizers 
in the receiver and transmitter are provided to optimize perform- 
ance over different fonde: of non- loaded cable of O. 4 mm 
diameter. | | 


Link Equalizers — Selectable compromise link equalizers in the 
receiver optimize performance over channels exhibiting severe 
amplitude and delay distortion. Two standards are В U. S. 
‘Survey long and Japanese 3-link. : 


И | | | | | Specification 
Frequency Type - (Hz +0.5 Hz) | 


Specification. du 
Parameter (x 0.0196) 


Automatic Adaptive Equalizer — Ап. automatic E 
equalizer is provided іп the receiver circuit. The equalizer с can 
be ие а5 ner aTora 1- а 


TRANSMITTED DATA SPECTRUM 
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If the cable equalizer is not enabled, the transmitter spectrum 
is shaped by the following raised cosine filter functions: 

1. 1200 Baud. Square root of 90 percent 

2. 1600 Baud. . Square root of 50 percent | 

Тһе out-of-band transmitter power limitations meet those 
specified by Part 68 of the FCC's Rules, and typically exceed 
the requirements of foreign telephone. regulatory | bodies. . T" 


SCRAMBLER/DESCRAMBLER 


The R48DP incorporates a self-synchronizing scrambler/ 
descrambler. This facility is in accordance with V.27 bis/ter. 


RECEIVED SIGNAL 
FREQUENCY TOLERANCE 


The receiver circuit of the R48DP can adapt 10 received 
frequency error of up to + 10 Hz with less than 0.2 dB degrada- 
tion іп- ВЕН репогтапсе. | 


RECEIVE LEVEL 


The receiver circuit of the modem satisfies all specified perform- 
ance requirements for received line signal levels from 0 dBm 
to -43 dBm. The received line signal level is measured at the 
receiver т. analog input (АХА). Ка | 


ВЕСЕМЕ ТІМІМС 


The R48DP provides a data derived Receive Data Clock 
(RDCLK) output in the form of a squarewave. The low to high 


transitions of this output coincide with the centers of received 


data bits. The timing recovery circuit is capable of tracking a 
+ 0.01% frequency error in the associated transmi pne 


Source. 


TRANSMIT LEVEL 


| тһе transmitter output level is accurate to 41.0 dB and i is pro- 


grammable from - 1.0 dBm to – - 15.0 dBm in 2 dB steps. 


TRANSMIT TIMING — 
| The R48DP provides a Transmit Data Clock (T DCLK) output with 


the following characteristics: | 
1. Frequency. Selected data rate of 4800 or г 2400 Hz (+ +0. ius 


2. Duty Cycle. 50% %1% 
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Input data presented on TXD is sampled by the R48DP at the 
low to high transition of TDCLK. Data on TXD must be stable 
for at least one microsecond prior to the rising edge of ТОСЕК 
and remain stable for at least one microsecond after the rising 
edge of TELES: 


EXTERNAL TRANSMIT CLOCK 


The transmitter data clock (TDCLK) can be phase locked toa 
signal on input XTCLK. This input signal must equal the desired 
data rate to +0.01% with а id D of. 50% + 2090. . 


TURN-ON SEQUENCE 


3 ЕТЕНЕ 


A total of 8 selectable turn-on sequences can be generated as 


defined іп the following table: 


Turn-On Sequences 


CTS... 
Response Time 


М.27 bis/ter | (milliseconds) 


4800 bps long 
2400 bps long 
4800 bps short 
2400 bps short 


4800 bps long 
2400 bps long 
4800 bps short 
2400 bps short 


| Comments 


| Preceded by . 
| Echo Suppressor 
Disable Tone 
for lines using - 
"| echo supressors* 


$i 
2 
3 
4 
5 
8 
7 | 
8 


“Бог short echo protect tone, subtract 155 ms from values of 
CTS response time. 


TURN-OFF SEQUENCE 


For V.27 ter, the turn-off sequence consists of approximately 
10 ms of remaining data and scrambled ones at 1200 baud or 
approximately 7 ms of data and scrambled ones at 1600 baud 
followed by a 20 ms period of no transmitted energy. 


CLAMPING 


Received Data (RXD) is clamped to a constant mark (one) 
whenever the Received Line Signal Detector (RLSD) is off. 


RESPONSE TIMES OF CLEAR-TO-SEND (CTS) 


The time between the off-to-on transition of Request-To-Send 
(RTS) and the off-to-on transition of CTS is dictated by the length 


of the training sequence and the echo suppressor disable tone, 


if used. These times are listed in the Turn-On Sequences table. 


222 И training is not enabled RTS/CTS delay is less than 1 ms. 


., The time between the on-to-off transition of RTS and the on-to- 
off transition of CTS in the data state is a maximum of 2 baud 
times for all АИ 
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RECEIVED LINE SIGNAL DETECTOR (RLSD) 


For. V.27 bis/ter, RLSD turns on at the end of the training 
sequence. If training is not detected at the receiver, the RLSD 
off-to-on response time 15 15 +10 ms. The RLSD on-to-off 
response time for V.27 is 10 +5 ms. Response times are 
fneasured with a signal at least 3 dB above the actual RLSD 
on threshold or at least 5 dB below the actual RLSD off threshold. 


The RLSD on-to-off response time ensures that all valid data 
bits have appeared on RXD. 


Four threshold options are provided: 

1. Greater than — 43 dBm (RLSD оп) 

© Less than -48 dBm (RLSD off) 

2. Greater than — 33 dBm (RLSD on) 
Less than – 38 dBm (RLSD off) 

3. Greater than. — 26 dBm (RLSD on) 
Less than – 31 dBm (RLSD off) 

4. Greater than - 16 dBm (RLSD оп). 
.Less than -21 dBm (RLSD off) 


NOTE 
Performance may be at a reduced level when the received 
signal is less than — 43 dBm. 


A minimum hysteresis action of 2 dB exists between the actual | 

off-to-on and on-to-off transition levels. The threshold levels and 
hysteresis action are measured with an unmodulated carrier 
signal applied to the receiver's audio input (RXA). 


MODES OF OPERATION 


The R48DP is capable of being operated in either a serial or 
a parallel. mode of operation. 


SERIAL MODE 


The serial mode uses standard V.24 (RS-232-C compatible) 
signals to transfer channel data. An optional USRT device 
(shown in the Functional Interconnect Diagram) illustrates this 
capability. 


PARALLEL MODE 


The R48DP has the capability of transferring channel data up 
to eight bits at a time via the microprocessor bus. | 


MODE SELECTION 

Selection of either the serial or parallel mode of operation is by 
means of a control bit. To enable the parallel mode, the control 
bit must be set to a 1. The modem automatically defaults to the 
serial mode at power-on. In either mode the R48DP is configured 
by the host processor via the microprocessor bus. 


Rap C 
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R48DP Functional Interconnect Diagram 


INTERFACE CRITERIA 


The modem interface comprises both hardware and software 


2. circuits. Hardware circuits are assigned to specific pins іп а 


64-pin DIN connector. Software circuits are assigned to specific 
bits in a 48-byte interface memory. 


HARDWARE SUPERVISORY CIRCUITS - 


Signal names and descriptions of the hardware supervisory 
circuits, including the microprocessor interface, are listed іп 
the R48DP Hardware Supervisory Circuits table. The micro- 
processor interface is designed to be directly compatible with 
an 8080 microprocessor. With the addition of a few external logic 
gates, it can be made compatible with 6500, 6800, or 68000 
microprocessors. 


R48DP Hardware Supervisory Circuits 


| Мате VO | Рим | Description | | 


A. OVERHEAD: 
| AGND 


31C,32C даа: Ground 


DGND 3C,8C,5A,10A Digital Ground 
+5 volts 19C,23C,26C,30C | +5 volt supply 

+ 12 volts ‚ 15A + 12 volt supply - 
-12 volts 12A –12 volt supply 
РОВ 13С 


Power-on-reset 
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RA48DP Hardware Supervisory Ив (Cont.) 


[me [uo] виле [бояны ____ 
B. MICROPROCESSOR INTERFACE: 


Data Bus (8 Bits) 


Register Select (4 Bits) 


Chip Select for Bank 0 
Chip Select for Bank 1 
Chip Select for Bank 2. .. 
.Read Enable | 
Write Enable | 
Interrupt Request 


Receive Data Clock 
Transmit Data Clock 
External Transmit Clock 
Request-to-Send 
Clear-to-Send | 
Transmitter Data . 
Receiver Data | | 
Received Line Signal Detector 
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R48DP Hardware Supervisory Circuits (Cont.) 


[meme [wo Грено [Desorption | 


D. ANCILLARY CIRCUITS: 


RBCLK 26A Receiver Baud Clock 
TBCLK 27C Transmitter Baud Clock 


E. ANALOG SIGNALS: 


Transmitter Analog ОА 
Receiver Analog Input 
Auxiliary Analog Input 


SES He (ва 


-—TCH 


Microprocessor Interface Timing Diagram 


Critical Timing Requirements 
Characteristic 
CSi, RSi setup-time prior 
to Read or Write 
Data access time after Read 
Data hold time after Read’ 


CSi, RSi hold time after 
Read or Write 


Write data setup time 
Write data hold time 


Write strobe pulse width 


INTERFACE MEMORY 


The R48DP has three banks of 16 input/output (ИО) registers 
to which an external (host) microprocessor has access. Although 


these ИО registers are within the modem, they тау be addressed. 


as part of the host processor's memory space. These І/О 


registers are collectively referred to as interface memory. Зее. 
R48DP Interface Memory table. Access to the three banks of 
registers (bank 0, bank 1 and bank 2) is enabled by the Chip 
Select signals С50, С51 and CS2 respectively. Four Register 
Select signals (RS0, RS1, RS2, and RS3 are provided to address 
an individual register within an enabled bank. Registers in bank 1. 
operate at the sample rate of 9600 samples per second. 

Registers in banks 0 and 2 operate at the selected baud rate. 


R48DP Interface €— 


| (НЕХ) | 
Вапк Нед Мо. . Description 
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Do Not Use 
Transmitter Handshake 
По Not Use 
Do Not Use 
Do Not Use 
Do Not Use 
Do Not Use 
Do Not Use 
Transmitter Option 
Transmitter Configuration 
г | Equalizer 

. Loop/Level - 
FREQM 
FREQL 

| Do Not Use 
Transmitter Data 


Do Not Use 
Receiver Sample Handshake 
Do Not Use 
Do Not Use 
Receiver Baud Status 
Do Not Use 
Receiver Sample Status 2 
Receiver Sample Status 1 
Receiver Option | 
Receiver Configuration 
Diagnostic Control XS 
Diagnostic Control YS 
Diagnostic Data XSM 
Diagnostic Data XSL 

_ Diagnostic Data YSM 
Diagnostic Data YSL; 
Receiver Data 


Do Not Use 
Receiver Baud Handshake 
Do Not Use 
(бо Not Use 
Do Not Use 
Do Not Use 

. Do Not Use 
Do Not Use 
Do Not Use · _ 
Do Not Use | 
Diagnostic Control XB 
Diagnostic Control YB 
Diagnostic Data XBM 
Diagnostic Data XBL 
Diagnostic Data YBM 
Diagnostic Data YBL 


н 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1. 
1 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 


о NOR ЛОЧООРООО тло моь оло мо оъ шо отт т [| 


омо мою мом мо г мə юю мо м А ГО м м 
о-ы моь ло моою»> шоог т 
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When information т these I/O registers is being discussed, ће - 


format Y:Z:Q is used. The bank is specified by Y(0-2), the register 
by Z(0-F), and the bit by О(0-7, 0 = LSB). А bit is considered to 
be “оп” when set to a 1. 


SOFTWARE SUPERVISORY CIRCUITS 


The operation of the R48DP is affected by a number of software 
control inputs. These inputs are written into registers within the 
modem via а microprocessor bus under external control. Bits 
designated by an X are “Don’t Care" inputs that can be set to 
either 1 or 0. Modem operation is monitored by various software 
flags that are read from modem registers using the same 
microprocessor bus. Bits designated by an X are "undefined" 
outputs that may be either 1 or 0. The functions of all modem 
МО registers are listed in the R48DP Interface Memory table and 
are defined as follows: 


TRANSMITTER CONFIGURATION REGISTER 


The host processor configures the R48DP transmitter by writing 
a control byte into the transmitter configuration register (0:6) in 
its interface memory space as shown in the following table: 


Transmitter Configuration Register (0 


[вет Гане | виг | зна | виз | виа | ent [ore 
Eme] о [тие x | x | x Гое roms 


Definition of Transmitter Configuration Terms: 


Tone Transmit 
Transmitter Long Training Sequence 


TDR2 Transmitter Data Rate 2 
| Selects 4800 bps/V.27) 
TDR1 Transmitter Data Rate 1 


Selects 2400 bps/V.27) 


Control bytes for the three configurations are given in hex- 
adecimal format in the following table: 


Configuration Control Bytes 


V.27 4800 Long 
V.27 2400. Long 


V.27 4800 Short 
V.27. 2400 Short 
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Definition of Transmitter Configurations: 


1. V.27. When any of the V.27 configurations have been 
selected, the modem operates as specified i in CCITT re recom- 
| mendation V.27. 


2. Tone Transmit. In this configuration, activating signal RTS 
causes the modem to transmit a tone at a single frequency 
Specified by.the user. Two registers in the host interface 
memory space contain the frequency code. The most signifi- 
cant bits are specified in the FREQM register (0:3). The least 
significant bits are specified in the FREQL register (0:2). The 
least significant bit represents 0.146484 Hz +0.01%. 


TRANSMITTER OPTION 


The host processor conveys Speen information to the transmit- 
ter by writing a control byte into the Option Register (0:7) in its 
interface memory space as shown in the table below: 


Transmitter Option Register (0:7) 
COCOCOLCHLCOCHCO 
тов | зов мноо | Enis [тром сем | зеот | 


Definition of Transmitter Option Terms: 


Bit 7 
RTS 


RTS: Request-to-Send 
TTDIS: | Transmitter Training Disable ` 
SDIS: Scrambler Disable 
MHLD Mark Hold 
EDIS: Echo Protector Disable 
TPDM: Transmitter Parallel Data Mode 
XCEN: External Clock Enable 
Short Echo Protection Disable Tone 


Definition of Transmitter Options: 


1. Requesi-to-Send. The R48DP begins a transmit sequence 
when thé RTS bit (0:7:7) is turned on and continues transmit- 
ting until RTS is turned off and the turn-off sequence has been 
completed. This input bit parallels the аны of the hard- 
ware RTS control input. - 


2. Transmitter Training Disable. When the TTDIS bit (0:7:6) is 
on, the transmitter does not generate a training sequence 
at the start of transmission. 


3. Scrambler Disable. When the SDIS.bit (0:7:5) is on, the 
| transmitter scrambler circuit is removed from the data path. 


4. Магк Hold. When the MHLD bit (0:7:4) is on, the transmit- 
ter input data stream is forced to all marks (1's). 


5. Echo Protector Disable. When the EDIS bit (0:7:3) is on, an 
unmodulated carrier is transmitted for 185 ms (optionally 
30 ms) followed by 20 ms of no ша energy а the start 
of transmission. 
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6. Transmitter Parallel Data Mode. . When the TPDM bit (0:7:2) 
is on, the transmitter accepts data for transmission from the 
data input register rather than the serial hardware data input. 


7. External Clock Enable. ‘When the XCEN bit (0:7: 1) Боп, the 
transmitter timing is established by the external clock SUp- 
plied at the hardware input XTCLK (pin 22A). 


8. Short Echo Protector Disable Tone. When the SEDT bit 
(0:7: 0) is on, the echo protector disable tone is 30 ms попа 
rather than 185 ms. 


EQUALIZER 


The host processor convays equalizer selection information to 
the modem by writing a control byte into the equalizer register 


(0: 5) in the interface memory spare as shown in the following: 


Equ alizer Register (0:5) 


Definition of Equalizer Terms: 
CABS1,2: Cable Equalizer (Selects bits 1 or 2. 


LAEN: Link Amplitude Equalizer Enable 
LDEN: Link Delay Equalizer Enable 
ASL: Amplitude 3-Link Select 

D3L: . Delay 3-Link Select 


Definition of Equalizer Parameters: 


1. Cable Equalizer. The cable equalizer select bits simulta- 
neously control amplitude and delay compromise equalizers 
in both the transmit and receive paths. The following table 
gives the poesie bit combinations. 


Cable (0. 4 mm diameter) Equalizer Selection 


E CABS2 . CABS1 .. Cable Length : 


2. Link Equalizer. The link equalizer enable and select bits 


control separate amplitude and delay compromise equalizers 


in the receive path. The ee tables give the possible bit 
combinations. 


Link Amplitude Equalizer Selection 


-| Симе Matched. | 


No Equalizer 


U.S. Survey Long 
Japanese 3-Link 


L2ACT: 


Link Delay Equalizer Selection 


EE Curve Matched 


No Equalizer. ^ 


U.S. Survey Long 
Japanese 3-Link 


LOOP/LEVEL 


The host processor conveys loopback selection and transmit- 
ter output level to the modem by writing a control byte into the 
loop/level register (0:4) in the interface memory Ве as shown . 
in the риа table: | | | | 


Loop/Level Register (0: 4) 


reer [are ors [ors [ons [one [ons Taro 
мет [шет [ине | тә | na | ты алт x - 


| Definition of Loop/Level Terms: 


L3ACT: Local Analog Loopback (CCITT loop 3) Activate 

L4ACT: Remote Analog Loopback (CCITT. loop 4) Activate 

L4HG: Loop 4 High Gain 

TL3-TL1: Transmitter Level (Selects bits 3, 2, and 1) _ 
Remote Digital Loopback МО ла 2) Activate 


Definition of Loop/Level Control: 


_ 1. Local Analog Loopback Activate. When the (ЗАСТ bit (0:4:7) 
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. 2. Remote Analog Loopback Activate. 


-is on, the transmitter analog output is coupled to the receiver 
_ analog input through an attenuator in accordance with CCITT 
recommendation V.54 loop 3. 


When the L4ACT bit 
(0:4:6) is on, the receiver analog input is connected to the 
transmitter analog output through a variable gain amplifier. 


3. Loop 4 High Gain. · When the L4HG bit (0:4:5) is on, the loop 
4 variable gain ca is set for +16 dB. When L4HG is 
off, the gain is 0 dB. : | 


4. Remote Digital Loopback даде, When the L2ACT bit 
(0:4:1) is on, the receiver digital output is connected to the 
transmitter digital input іп accordance with. EMIT recommen- 
dation V.54 loop 2. 


5. Transmitter Level Select 3, 2 and 1. Transmitter analog out- 
put level is determined by bits TL3, TL2, and TL1 as shown 
in the owing table: 


Transmitter Level Selection M" 


пз | ma | та | Transmiter Analog Oups | 


0 0 0 = 0.5 dBm +0.5 ав". 
0 0 1 —. 2.5 dBm +0.5 dB 
0 1 0 – 4.5 dBm +0.5 dB 
0 1 1 - 6.5 dBm £0.5dB | 
1 0 0 - 8.5 dBm 40.5 dB 
1 0 1 ~ 10.5 авт +0.5 ав 
1 1 0 —12.5 dBm +0.5 dB 
1 1. 1 -14.5 dBm +0.5 dB 


“Each step is а 2 dB change +0.2 dB я 
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TRANSMITTER DATA 


The host processor conveys output data to the transmitter in 
parallel mode by writing a data byte to the transmitter Data 
Register (0:0) in the interface memory space. The data must be 
divided on integral baud boundries as shown in the following 
table: 


Transmitter Data Register (0:0) 


[Configuration [ви 7 [вн e [ви 5 [ви 4 [ви з [ви 2 вит 
| V.27 4800 bps | Х | Baud 1 Ваџа 0 


NOTE: Data Transmitted Bit 0 First. | 


FREQM/FREQL 


The host processor conveys tone generation data to the transmit- 
ter by writing a 16-bit data word to the FREQM/FREQL registers 
(0:3 and 0:2) in the interface memory space as shown in the 
following tables: 


The frequency number (N) determines the frequency (F) as 
follows: Е = 0.146484N Hz +0.01% 


Hexadecimal frequency numbers (FREQM, FREQL) for com- 
monly generated tones are given in the following table: 


Commonly Generated Tones 
Frequency 


462Hz _ 
1100 Hz 


1650 Hz 
1850 Hz 
2100 Hz 


TRANSMITTER HANDSHAKE 


The host processor performs a handshake sequence with the 
transmitter by controlling and testing bits in the transmitter hand- 
shake register (0:E) in the interface memory space as shown 
in the following table: 


Transmitter Handshake Register (0:E) . 
те 
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Definition of Transmitter Handshake Terms: 


TIA: Transmitter Interrupt Active 
TSB: Transmitter Setup Bit 

TIE: Transmitter Interrupt Enable 
TBA: Transmitter Buffer Available 


Definition of Transmitter Handshake Sequences: 


1. Transmitter Buffer Available. The TBA bit goes off when the 
host processor writes data to transmitter data register (0:0). 
When the transmitter empties register 0:0 the TBA bit is on. 


2. Transmitter Interrupt Enable. When the host processor writes 
a 1 in the TIE bit, the IRQ line of the hardware interface 
is driven low when ТВА is on. 


3. Transmitter Interrupt Active. Status bit TIA is on whenever 
the transmitter is driving IRQ low. 


4. Transmitter Setup Bit. When the host processor changes the 
transmitter configuration register, the host must write a 1 in 
the TSB bit. Ви TSB goes to 0 when the change becomes 
effective. | | 


RECEIVER CONFIGURATION 


The host processor configures the receiver by writing a control 
byte into the receiver configuration register (1:6) in the interface 
memory space as shown in the following table: 


Receiver Configuration Register (1:6) 


Definition of Receiver Configuration Terms: 


RLTS: Receiver Long Training Sequence 
RDR2: Receiver Data Rate 2 

| Selects 4800 bps/V.27) 
RDH1: Receiver Data Rate 1 


Selects 2400 bps/V.27) 


Control words for receiver configuration are given in hexadecimal 
format in the following table: 


Receiver Configuration Control 
. Configuration Word (HEX) 


Configuration 


V.27 4800 Long 22 
V.27 2400 Long 21 
V.27 4800 Short 02 
V.27 2400 Short 01 
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Definition of Receiver Configurations: 


When any of the V.27 configurations has been selected, the 
transmitter operates as specified in CCITT recommendation 
\.27. | 


RECEIVER OPTION 


Тһе host processor conveys option information to the transmit- 
ter by writing a control byte into the option register (1:7) in its 
interface memory space. as showr in the following table: 


Receiver Option Register (1:7) 


ИСРА 
шщ а пс ит | те. emm 


Definition of Receiver Option Terms: 


 RTH2, 1: Receiver Energy Detector Threshold (Bits 2 and 1) 
DDIS: “ Descrambler Disable 
RPDM: Receiver Parallel Data Mode 
SWRT: Sample Write | 
ВИНТ: “| Baud Write 
T2: T/2 Equalizer Select 
RTDIS: 


Receiver Training Disable . 


Definition of Receiver Options: 


1. Receiver Energy Detector Threshold (Bits 2 and 1). The 
receiver energy detector threshold is set by bits RTH2 and 
RTH1 according to the following table: 


| Receiver Energy Detect Thresholds 


[mw [mw | но» [miso on 


2. Descrambler Disable. When the DDIS bit (1:7:5) is on, the 
receiver descrambler circuit is removed from the data path. 


3. Receiver Parallel Data Mode. When the RPDM bit (1:7:4) is 
on, the receiver supplies data to the receiver data register (1:0) 
in parallel with the hardware serial data output. 


_ 4. Sample Write. When the SWAT bit (1:7:3) is on, the 16-bit 
'. wordin registers 1:1 and 1:0 is written in the RAM location 
specified by the Sens of register 1:4. 


5. Baud Write. When the BWHT bit (1:7:2) is on, the 16-bit word 
in locations 2:1 and 2:0 is written in the RAM location specified 
by the contents of register 2:4. 
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6. Т/2 Equalizer Select. When the T2 bit (1:71) is оп, an adap- 
tive equalizer with two taps per baud is used. When T2 Б off 
"ће equalizer has one tap per baud. 


7. Receiver Training Disable. When the RTDIS bit (1:7:0) is on, 
the receiver is prevented from recognizing a training 
sequence. 


RECEIVER SAMPLE HANDSHAKE 


The host processor performs a handshake sequence with the 
receiver sample rate device by controlling and testing bits in the · 
receiver sample handshake register (1:E) in the interface memey | 

space as shown in the following table: и s : 


Receiver Sample Handshake Register (1:E) 


свит [ors [ons [one [ons [or [виз [uo 
өл | x | x | X [asse] nse Г x [ason 


Definition of Receiver Sample Handshake Terms: 


RSIA: 
RSSB: 
RSIE: 
RSDA: 


Receiver Sample Interrupt Active 
Receiver Sample Setup Bit _ 

Receiver Sample Interrupt Enable 
Receiver Sample Data Available 


Definition of Receiver Sample Handshake Sequence: 


1. Receiver Sample Data Available. Тһе АЗРА bit goes on 
when the receiver writes data into the receiver data register 
(1:0). The bit goes off when the host processor reads data 
from register 1:0. 


2. Receiver Sample Interrupt Enable. When the host processor 
writes a 1 in the RSIE bit, the IRQ line of the hardware inter- 
face is driven low when RSDA is on. 


од 


. Receiver Sample Interrupt Active. Status bit RSIA is on 
whenever the Receiver Sample rate device is driving IRQ low. 


A 


. Receiver Setup Bit. When the host processor changes the 
receiver configuration or bits 6 or 7 in the option register, the 
host must write a 1 in the RSB bit. Bit RSB goes to 0 when 
the changes become effective. 


RECEIVER BAUD HANDSHAKE 


. The host processor performs a handshake sequence with the 


receiver baud rate device by controlling and testing bits in the 
receiver baud handshake register (2:E) in the interface memory 
space as shown in the following table: 


Receiver ; Baud Handshake Register (2:E) 
| Bits | |Bit2 | вит | Bito | 


Гана [вкз 
Ох | x [ree x [neo 


CO 
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Definition of Receiver Baud Handshake Terms: 


RBIA: Receiver Baud Interrupt Active 
АВЕ: Receiver Baud Interrupt Enable 
+ АВОА: Receiver Baud Data Available - 


Definition of Receiver Baud Handshake Sequence: 


1. Receiver Baud Data Available. The RBDA bit goes on when 
the receiver writes data into register (2:0). The bit goes off 
when the host processor reads data from register 2:0. 


2. Receiver Baud Interrupt Enable. _ When the host processor 
writes a 1 in the RBIE bit, the IRQ line of the hardware inter- 
face is driven low when RBDA is on. 


3. Receiver Baud interrupt Active. Status bit RBIA is on 
whenever the receiver baud rate device is driving IRQ low. 


RECEIVER SAMPLE STATUS 


The host processor has access to various status bits that reflect 
operation of the receiver sample rate device. These bits can be 


tested by the host by reading the receiver sample status word · 


(1:8 and 1:9) in the interface memory space as shown in the 
following tables: 


Receiver Sample Status Register 1 (1:8) 


вит | Bite | Bits | вна | виз | виг | вит | Bito 
БЕН БЕЛ БЕЛЕ ee ВЕ 


Receiver Sample Status Register 2 (1: 3) 


Definition of Recelver Sample Status Terms: 


P2DET: Period Two Detector 
FED: Fast Energy Detector 


Definition of Receiver Sample Status Conditions: 


1. Period Two Detector. When the P2DET bit (1:8:2) is off, it indi- 
cates that a P2 sequence has been detected. This bit sets 
toal at the start of the. receive data state. 


2. Fast Energy Detector. When the FED bit (1:9:6) is off, it indi- 
. cates that energy above the receiver threshold is present in 
the passband. 


[mr [sce [вкз | 


RECEIVER BAUD STATUS 


The host processor has access to status bits that reflect opera- 
tion of the receiver baud rate device. These bits can be tested 
by the host by reading the receiver baud status word (1:B) in 
the: interface memory space as shown in the following table: 


Receiver Baud Status › Register ü :B) 


ae ae a 


Definition of Receiver Baud Status Terms: 


PNDET: Period N Detector 
СОЕТ: . Carrier Detector 


Definition of Receiver Baud Status Conditions: 


1. Period N Detector. When the PNDET bit (1:B:6) is off, it indi- 
cates a PN sequence has been detected. This bit sets toa 
1 at the end of the PN sequence. 


2. Carrier Detector. When the CDET bit (1:B:0) is off, it indicates 
that passband energy is being detected and that a training 
sequence is not in process. It goes off at start of data state 
and goes to a 1 at end of received signal. 


RECEIVER DATA 


The host processor accepts input data from the receiver in 
parallel mode by reading a byte from the receiver data register 
(2:0) in the interface memory space. The data is divided on inte- 
gral baud boundries identical to the transmitter data register with 
bit 0 received first. Note that the receiver data register is used 
for diagnostic data in the serial mode. 


DIAGNOSTIC CAPABILITIES 


The R48DP provides the user with access to | much of the data 
stored in the modem's memories. This data is a useful tool in 
performing certain diagnostic functions. 


HARDWARE DIAGNOSTIC CIRCUITS | 
Signal names and descriptions of the hardware diagnostic 


circuits are given in the following table: 


Hardware Diagnostic Circuits 
| — Description 


ЕҮЕХ | | | Eye Pattern Data — X Axis 
EYEY | Eye Pattern Data — Y Axis 


EYECLK n | Eye Pattern Clock 


| Eye Pattern Synchronizing 


EYESYNC 
| Signal : 


R48DP 


Eye Pattern Generation — The four hardware diagnostic circuits 
allow the user to generate and display an eye pattern. Circuits 
EYEX and EYEY serially present eye pattern data for the horizon- 
tal and vertical display inputs respectively. The 8-bit data words 
are shifted out most significant bit first, clocked by the rising 
edge of the EYECLK output. The EYESYNC output is provided 
for word synchronization. The falling edge of EYESYNC may 
be used to transfer the 8-bit word from the shift register to a 


. holding register. Digital to analog conversion can then be рег- | 


formed for driving the X and Y inputs of an oscilloscope. 


SOFTWARE DIAGNOSTIC CIRCUITS | 


Each receiver device (sample rate and baud rate) contains six 
registers in the interface memory space dedicated to reading 
and writing modem RAM locations from the host processor bus. 
Four of these registers are organized into 2-byte data words and 
the remaining two registers form 1-byte control registers that hold 
RAM access codes. Data is read from RAM into the data 
registers. Data is written into RAM from the data registers. The 
RAM location involved in the data transfer is specified by the 
RAM access code stored in the associated diagnostic control 
. register. The diagnostic registers are related as shown in the 
following table: 


Software Diagnostic Registers 


Control Data Word | Data Word 
Register (MSB) (LSB) _ 
XS (1:5) Мопе XSM (1:3) | XSL (1:2) 
YS (1:4) | SWRT (1:7:3) | YSM (1:1) | YSL (1:0)* 
None XBM (2:3): | XBL (2:2) 


BWRT (1:7:2) | YBM (2:1) | YBL (2:0) 


«п parallel mode, register 1:0 is used for receive data and 
not diagnostic data. 


XB (2:5) 
УВ (2:4) 


Data transfer is regulated by the appropriate data available bit. 
Reading always takes place at the designated rate, and data 
left in the data registers is overwritten each cycle. When the 
associated write bit is set, a write cycle is performed each time 
the associated data available bit is off. | 


__ Тпе eight bits of registers 2:3 and 2:1 are continuously presented 


222. serially on hardware interface lines EYEX and EYEY 


. respectively. 


4800 bps Data Pump Modem 


RAM ACCESS CODES 


The following table lists access codes for Дои used RAM 
_ data: x | "E 


RAM p dene Codes / 


Received Signal Samples 
Demodulator Output -. 
Low Pass Filter Output - 

| Average Energy _ | 
AGC Gain Word — MSB's 
АСС Gain Word — LSB's | 


Equalizer Input | 

Equalizer Тар Coefficients 

‘Unrotated Equalizer Output 

Rotated Equalizer Output 

(Received Points) - 

Decision Points (Ideal Data Points) 

Error | 

Rotation Angle TE 
| Frequency Correction (MSB' s) 

Frequency Correction 5 Ss)... 

EQM X Ж 


POWER-ON INITIALIZATION 


When power is applied to the R48DP, a period of 100 to 300 ms 
is required for initialization. The power-on-reset signal (POR) 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to operate. At POR time 
the modem defaults to the following configuration: V.27, 
4800 bps, T/2, long echo protect disable tone, serial data mode, 
internal clock, cable select 1.8 Km, amplitude and delay 
equalizers enabled and Japanese 3-link curves selected, 
transmitter output level:set to — 0.5 dBm + 0.5 dB, interrupts 
disabled, and receiver threshold set to — 43 dBm. 


POR can also be used to initialize the users's host. processor. 


It may be connected to a user supped power-on-reset signal 
in a wire-or configuration. 


PERFORMANCE 


Functioning as a V.27 bis/ter type modem, the R48DP provides 
the user with unexcelled high performance. 


Bit Error Rates — The Bit Error Rate (BER) performance of the 


· modem is specified for a test configuration conforming to that 


specified in CCITT recommendation V.56, except with regard 
to the placement of the filter used to bandlimit the white noise 
source. Bit error rates are measured at a received line signal 
level of -20 dBm as illustrated. | 
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4800 ВР5 


2400 ВР$ 


Bit Error Rate 


10 12 14 16 18 20 22 24 26 28 30 
SIGNAL-TO-NOISE RATIO dB 


Typical Bit Error Rate Performance 


NOISE 
SOURCE 
GR1381 
50 KHZ BW 


MODEM | LINE _ | IMPAIRMENT 
TRANS- SIMULATOR . SOURCE 
MITTER | BRADLEY 2A 


ENGINEERING | 
MODEM | МОТЕ 
CONSOLE 


Signal and noise are measured with 3 kHz flat weighting. 
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Phase Jitter —At 2400 bps, the modem exhibits a bit error rate 
of 10-6 or less with a signal-to-noise ratio of 12.5 dB in the 
presence of 15° peak-to-peak phase jitter at 150 Hz or with a 
signal-to-noise ratio of 15 dB in the presence of 30° peak-to-peak 
phase jitter at 120 Hz (scrambler inserted). | 


At 4800 Брз (V.27 bis/ter), the modem exhibits a bit error rate 
of 10-6 or less with a signal-to-noise ratio of 19 dB in the 
presence of 15? peak-to-peak phase jitter at 60 Hz. 


INTERFACE CIRCUIT CHARACTERISTICS 
DIGITAL INTERFACE CIRCUITS | 


Digital Input Characteristics 


Input Logic State Allowed Input Voltage Levels 


Low 0.0V to +0.8V at -2.5 дА 
High * 2.0V to +5.0\ at +2.5 pA | 


Notes | 

1. The digital inputs are directly ТТІ/СМО5 compatible. The 
capacitive loading on each input is 25 pF (maximum). 
2. Positive current is defined as current into the node. 


Digital Output Characteristics 


Output Logic State Output Voltage Level 


Low | 4 0.4V at + 1.6 mA 
High | * 2.4V at - 100 „А 


Notes 

1. The digital outputs are directly TTL/CMOS compatible. 
Capacitive drive capability is 25 pF. 

2. Positive current is defined as current into the node. 


| LEVEL 
ATTENUATOR EC 


HP 350D HP 3552A 


ATTENUATOR = МОРЕМ 
НР 3500 RECEIVER 


CONSOLE 


BER Performance Test Set-up 
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ANALOG INTERFACE CIRCUITS 


Transmitter. Output. Level — The transmitter output level is 
adjustable in 2 dB steps from — 0.5 dBm to — 14.5 dBm accurate 
to %0.5 dB. This level is measured at TXA into a 600 ohm 
impedance. 


Receiver Input — The receiver input ynpedarice is 63.4K 
ohm +5%. | 


Auxiliary Transmitter Input — The auxiliary transmitter input 
(AUXIN) allows access to the transmitter for the purpose of 
interfacing with user provided equipment. Because this is a 
sampled data input, signals above 4800 Hz will cause aliasing 
errors. The input impedance is 1K ohm and the gain to transmit- 
ter output is OdB. : 


R48DP SPECIFICATIONS 


Power Requirements 


Curent би 


+5 Vde <700 mA 


+ 12 Мас | <20 тА 
– 12 Мас . | = «80 тА 


Note: АН voltages must have ripple «0.1 volts peak-to-peak. 


Environmental 


Temperature: | 
Operating— 0°C to + 60?C (32 to 140°F) 
Storage— — 40°C to +90°C (—40 to 176?F) 

Stored in heat sealed antistatic bag 
and shipping container 

Relative Humidity: Up to 9096 noncondensing, or a wet 

bulb temperature up to 35?C, 
whichever is less. 


Mechanical Information 


Board Structure: Single PC board with single right 
| angle header with 64 pins, DIN 41612 
or equivalent mating connector. 


Dimensions: Width—3.94 in. (100 mm) 
Length—4.70 in. (120 mm) 

| Height—0.55 іп. (1.40 cm) 
Weight: Less than .22 Ibs. (.08 kg) 


10-48 


V27P/1 


Integral Modems 


_ \27Р/1 


Rockwell HIGH SPEED 4800 BPS MODEM 


INTRODUCTION FEATURES 


The Rockwell V27P/1 is a versatile, high performance, 4800 bps 
modem on a single printed circuit board. Being CCITT V.27 
compatible, the V27P/1 (with minimal interface circuitry) can 
operate on dedicated 2-wire or 4-wire half-duplex or 4-wire full- 
duplex lines. The V27P/1 can also operate in half-duplex on the 
general switched network. 


Single printed circuit card 

4800/2400 bps modes 

Full-duplex or half-duplex 

Dedicated or general switched network lines operation 


Ultimate user flexibility: 


: ы А . --ССІТТ V.27 ter, V.27 bis compatible 
Measuring approximately 9.2 inches (23.3 cm) by 6.3 inches — Also 300 bps binary signalling per CCITT T.30 
(16.0 cm), the V27PA is the smallest full-feature 4800 bps ОК 

TTL compatibility 


modem that approaches data communication theoretical per- | | 
Automatic adaptive equalizer 


formance limits. 
Analog loopback test circuitry 
0 to —45 dBm dynamic AGC 
LSI signal processing 
High reliability 
Low power consumption: 
—Typically 3.5 watts 
e Automatic training sequence for receiver 


The V27P/1 meets the tolerances specified in the CCITT V.27 
bis (alternate A), V.27 ter and FSK T.30 specifications. In addition, 
the V27P/1 can be configured to be functionally compatible with 
those enhanced specifications available in the Rockwell V27P 
and M48P modem series. 
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V27P/1 
FUNCTIONAL SPECIFICATIONS 


HIGH SPEED DATA INPUT 
| TRAINING 
DEVICE 


FSK DATA INPUT 


FSK DATA OUTPUT 


EYE QUALITY 


RECEIVER 
LEARNING 
DEVICE 


HIGH SPEED 
DATA OUTPUT 


|. DECISION 
Е DEVICE | 


RECEIVE CONTROLS 


TRANSMITTER | 


TRANSMITTER _ 
DEVICE 


High Speed 4800 BPS Modem 


LOW PASS 
FILTER > 


SIGNAL 


/ LOOPBACK 


FSK ^. 
BANDPASS 
FILTER 


RECEIVER 


DEVICE 


BANDPASS ` | Қай 
АОС FILTER, LNE © 
SQUELCH, | 
DEVICE . AGC, SIGNAL 
THRESHOLD | 
SELECT | 


V27P/1 Functional Block Diagram 


Transmit Carrier and Signalling Frequencies 


Carrier Frequency Codex 
Compatible QAM: 

Carrier Frequency V.27: 

Echo Suppression Frequencies: 


1706.667 Hz = 0.0196 
1800 Hz = 0.0196 
2100 Hz = 0.0196 
2025 Hz + 0.01% 

2 1850 Hz + 0.01% 
21650 Hz + 0.01% 
1300 Н2 = 0.01% 


Signalling Frequencies of T.30: 


1100 Hz + 0.0196 


Received Signal Frequency Tolerance 


The receiver can receive frequency errors of up to = 10 . 


Hz. with less than a O. 2 2 dB eer іп Bi Error Rate 
performance. 


Data Signalling and Modulation Rate 


At 1600 baud: 
Signalling Rate — 
. -DataRate— _ 
At 1200 baud: 
Signalling Rate — 
Data Rate — 


1200 baud + 0.0196 
2400 bps = 0.0196 


Transmitted Data Spectrum | 
At 1600 baud the transmitted spectrum is shaped by approx- 


‘imately a square root of 50 percent raised cosine filter func- | 


_ 1600 baud + 0.01% 
4800 bps + 0.01%: 


_ tion: At 1200 baud the spectrum is shaped by approximately 
| а square root of a percent raised cosine fiter function. 


_ Те 1600 and 1200 baud configurations require a usable 
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| · bandwidth from 950 Hz to 2650 Hz and 1150 Hz to 2450 Hz 
| rere vee 


Data Encoding 


At 1600 baud the data stream i is s divided into groups of three 


bits (tribits). The data rate of 4800 bps may use either an 8- 
point QAM. structure or 8-phase structure. Encoding of the 


^ tribits in the 8- -phase Structure are per CCITT Аесоттеп- 
. dation V. 27 ter. | 


At 1200 baud the data stream is divided into groups of two 
bits (dibits). The data rate of 2400 bps uses a 4-phase data 


structure. Encoding of the dibits may be per the fallback rate 


- of CCITT Recommendation V.27 bis and ter (same as V.26A) 
ог V26B depending i on the selected configuration. 


Turn-on, Turn-off Sequences 


The V27P/1 turn-on sequences are compatible with CCITT 
Recommendations V.27 bis (alternate i), V.27, and Rockwell 
M48P modem specifications. 


The turn-off sequences for all V.27 modes (except the 1600 
baud rate manual V.27 mode) consists of 5 to 10 millisec- 
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onds of remaining data followed by continuous scrambled 1’s 
followed by no transmission energy. The period of no trans- 
mission energy is provided by turning off the transmitter key 
signal for a recommended duration of 20 milliseconds. 


‘shown where P1 and P2 are the most sig- 


nificant octal digit and РЗ through Р5 
establish the least significant octal digit 
shown in the chart. | 


Тһе turn-off sequences for а! non-V.27 modes consists of IRC (1P-5P): Receiver Configuration Inputs 1 through 5. 
4 to 7 milliseconds of remaining data followed by a period of These five bits establish Ше octal code. 
no transmission energy. shown where P1 and P2 are the most sig- 
| | nificant octal digit апа P3 through P5 
Ready For Sending Response Times establish the least significant octal digit 
The Ready For Sending response time to a Request To Send . shown in the chart. 
is determined by the configuration selected and its corre- с | | 
sponding training time. In Table 1 the Training Times аге IRSS (рег), Receiver Signal Structure and Transmitter 
shown in milliseconds. Note, however, that the 1600 baud ITSS (1P-2P): Signal Structure. Where P1 and P2 estab- 


manual CCITT configurations actually specify the synchro- 
nizing sequence timing per CCITT V.27 rather than the training 
time. Also note the following abbreviations. 


lish an оста! code of 0, 1, 2, or 3. They 
define the signal structures as follows: 
1 selects 8 point QAM 
3 selects DPSK as: 
8-phase at 1600 baud 


ПС (1Р-5Р): Transmitter Configuration Inputs 1 through 4-phase at 1200 baud 
5. These five bits establish the octal code 
V27P/1 Configurations 
Signal 
Structure 
Transmitter Receiver 1855 (1P-2P) | Data | Training Carrier 
ITC (1P-5P) IRC (1P-5P) ITSS (1P-2P) | Rate | Time Frequency 
No. Configuration (Octal Code) (Octal Code) (Octal Code) | (bps) | (msec) (hz) 
1. | 1600 Baud DIAL, CCITT DIAL 22 22 1,3 4800 | 181 МОТЕ 
2. | 1600 Baud DIAL — Т/2 22 36 1,3 4800 | 181 _ NOTE 
3. | 1600 Baud DIAL Slow | 36 22 1,3 4800 | 221 NOTE. 
4. | 1600 Baud P-P | | © 20 20 L3 4800 | 141 NOTE 
5. | 1600 Baud P-P — T/2 x 20 32 1,3 4800 141 NOTE 
6. | 1600 Baud Manual! CCITT 32 30 23 4800 20 (Зупс ‚ 1800 
| | | Sequence) 
7. | 1600 Baud Manual CCITT 30 30 3 4800 | 50 (Sync 1800 
| | Sequence) 
8. | 1600 Baud V27 DIAL/P-P 23 23 3 4800 708 1800 
_ 9. | 1600 Baud V27 DIAL/P-P ЕР 27 23 3 4800 923 1800 
10. | 1600 Baud V27 ПАШР-Р — T/2 23 33 3 4800 | 708 1800 
11. | 1600 Baud V27 DIAL/P-P — Т/2 EP ‚27 33 3 4800 923 . 1800 
12. | 1600 Baud V27 Multipoint — Т/2 21 27 3 4800 | 50 1800 
13. | 1600 Baud V27 Resync (ise with 21 25 3 4800 | 50 1800. 
configuration 8) 
14. | 1600 Baud V27 Resync ЕР (use 25 25 3 4800 | 265 1800 
| with configuration 9) | 
15. | 1600 Baud V27 Resync — Т/2 (use | 21 35 3 4800 | 50 1800 
with configuration 10) | 
16. | 1600 Ваџа У27 Незупс — Т/2 ЕР 25 35 3 4800 | 265 1800 
(use with configuration 11) 
17. | 1200 Baud DIAL 14 10 3 2400 170 1800 
18. | 1200 Baud P-P 10 10 3 2400 117 1800 
19. | 1200 Baud V27 DIAL/P-P 13 11 3 | 2400 943 1800 
20. | 1200 Baud V27 DIAL/P-P EP | 17 11 3 2400 1158 1800 
| 21. | 1200 Baud V27 Multipoint | © 11 15 3 2400 | 66. 1800 : 
22. | 1200 Baud V27 Resync (use with 11 13 З. 2400 66 1800 
configuration 19) — | | 
23. | 1200 Вача У27 Незупс ЕР (изе 15 13 3 | 2400 | 281 1800 


with configuration 20) 


Note: Carrier frequency із 1706 2/3 Hz when IRSS (1Р-2Р) is a 1 (8-point). 


Carrier frequency is 1800 Hz when 1122 (1Р-2Р) is а 3 (8-phase DPSK). 
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Received Line Signa Detector (D1 09) 


The time response of the Received Line Signal detector cir- 
cuit (D109) is a function of the length of the received turn-on 
Sequence. Circuit D109 turns on after synchronizing is com- 
pleted and prior to user data appearing on the received 
output line. 0109 turns on for approximately 2 milliseconds 
- after the echo protect tone disappears іп the М27ЕР config- 
urations (No. 9, 11, 14, 16, 20 and 23 of the V27P/1 Config- 
uration Chart). 


Рог non-CCITT configurations (No. 1, 2 and 3in the table on 
page 3), D109 momentarily goes on а the beginning of the 
synchronizing sequence. 


When no synchronizing signal is detected at the receiver, 
D109 turns on in 5 to 15 milliseconds for an applied signal 
greater than 3 dB above the turn on threshold. If training is 
not enabled at the receiver, D109 turns on in 5 to 15 
milliseconds. 


Three threshold 5 аге provided: . 


1) Greater than —43 dBm: D109 ON 
Less than · -48 dBm: .. .D109 OFF 

2) Greater than -26 dBm: 0109 ОМ 
Less than — 31 dBm: D109 OFF 

3) Greater than -16 dBm: _ 0109 ON 
Less than -21 dBm: | _ 0109 OFF. 


The three threshold ‘options are controlled by the. condition 
of the THRESH1 and THRESH2 control lines as indicated 
below. 


dB LEVEL 


THRESH1 THRESH2 
—48 dBm ON Open Circuit - Open Circuit 
-26 dBm ON Open Circuit O to —0.5V 
—16 dBm ON 220 о -0.5У Ореп Сисий 


When the received Signal drops 5 dB below the D109 turn 
off threshold, D109 will turn off in 5 to 15 milliseconds. The 
condition of D109 between the selected turn on and turn off 

. thresholds is not specified except that a hysteresis action of 
greater than 2 dB exists between the off- to-on and on-to-off 
transition levels. | 


Вы circuits to control THRESH1 and ТНВЕЗН2. 


input interface lines are shown in diagrams (A, B and C). 


| Bit Error Rates 


The V27P/ 1 is thoroughly tested to guarantee Bit Error Rate 
(BER) performance under test conditions equivalent to CCITT 
Recommendation V.26. The test set-up used by Rockwell is 
shown in the BER Performance Test Setup diagram. 


The results of these BER performance tests are shown in the 
Typical Bit Error Rate Performance diagram. 
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+5V 


THRESH1 
or THRESH2 


-»- ТНАЕЗН1 ог 2! . 


THRESH1 or 2 


Suggested Interface Circuits for Controlling 
THRESH1 and THRESH2 Input Lines 


Data Scrambler Selection 


The V27P/1 makes available to the user one CCITT V.29 
compatible scrambler, five different period 127 scramblers 
(and descramblers), and a no scramble option. These scram- 
blers provide data transmitted by the V27P/1 with the degree 
of randomness necessary to ensure the continued conver- 


‚ gence of all adaptive processes at the receiver. The seven 
possible, scrambler configurations that are user software. 


selectable are: 


Period 127 cryptographic 

e Period 127 synchronizing . 

e CCITT period 127 self synchronizing (compatible with 
CCITT Recommendation V. 27) 

e Period 8,388,607 self PUT ORAN. (compatible with 

CCITT Recommendation V. 29) 

Period 127 self synchronizing with 8-bit protection 

e CCITT period 127 self synchronizing (compatible with 
CCITT Recommendations V.27 bis and ter) . 

e No scrambler 


All scramblers У used with all modem configurations 


listed in the table on page 3. 
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NOISE 
SOURCE 
GR1381 
50 KHZ BW 


LEVEL 
METER 
HP 3555B 


ATTENUATOR | 
HP 350D 


IMPAIRMENT 
SOURCE 
BRADLEY 2A 


MODEM 
RECEIVER 


ATTENUATOR 
HP 350D - 


LINE 
SIMULATOR 


NOTE 


THE V.56B CONFIGURATION INCLUDES A PERFECT 0.3 TO 3.4 KHz FILTER 


ENGINEERING | 
MODEM 
CONSOLE 


ON THE NOISE SOURCE. TO ACHIEVE THE SAME EFFECT IN THIS 
CONFIGURATION, THE LEVEL METER USES 15 KHz FLAT WEIGHTING AND 
6.85 dB IS ADDED TO THE MEASURED S/N RATIO. 


| ENGINEERING - 
MODEM 
CONSOLE 


BER Performance Test Set-up 


300 BPS 4800 BPS V27 TER 


2400 BPS V27 TER 


BIT ERROR RATE 


о 2 а 6 8 10 12 14 16 
SIGNAL TO NOISE RATIO 


Typical Bit Error Rate Performance 


MODES OF OPERATION 


The V27P/1 has two modes of operation; a training mode 
and a data mode. In order for the receiver to correctly decode 
the transmitted data the V27P/1 must detect the presence 
of a line signal, adjust the AGC, detect the presence of a 
training sequence, recover the baud timing of the transmitter, 
phase and frequency lock to the carrier associated with the 
received signal, and adapt the equalizer to the amplitude and 
delay characteristics of the channel. This learning process 
is accomplished most efficiently when the transmitter initiates 
a training sequence whenever a new transmitter-receiver 
connection is made. № is possible to зе up the receiver 
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without a training sequence, but it is а manual mode requiring 
considerable user effort. In a training mode, an internally 
generated pattern is transmitted to the receiver to facilitate 
synchronization. During the training mode, the data input line 
to the receiver is ignored and the output line does not reflect 
the state of the data input. | | 


In the data mode of operation, information on the data ‘ape 
is strobed by the transmitter signal element clock and trans- 
mitted to the receiver. The receiver demodulates and decodes 
the passband signal and outputs the recovered data on the 
output where it is then ready to be strobed by the receiver 
signal element clock. | 


Request To Send—Ready For Sending 


To initiate transmitter operation in the data or training mode, 
the Request to Send input is brought high. If a training mode 
is not initiated the Ready for Sending indicator goes high 
within one baud interval and-data transmission commences. 


The mode of the receiver is indicated by the data channel 
received line signal detector (D109). For data mode, D109 
is high and the receiver training mode indicator i is low. 


T the receiver enters the training mode, the receiver training 
mode indicator goes high until the training mode is com- 
pleted. When training is completed the receiver training mode 
indicator goes low and, if sufficient signal energy is present 
on the input line, D109 goes high, enabling the data mode. 


Training Mode—Dia! and Point-To-Point 


For dial and point-to-point configurations, the V27P/1 receiver 
training is automatically initiated whenever a training sequence 
is detected in the received line signal. The training sequence 
consists of two phases: Phase 1 causes the training detector 
to turn on and also makes a course adjustment of the carrier 
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frequency variable which compensates for any frequency 
translation due to the channel; Phase 2 is used to converge 
the adaptive equalizer which is part of the V27P/1 structure. 


A short scrambler synchronization sequence follows Phase 

2 and is used to generate the success indicator. In order for 
training to. be successful, the incoming training sequence 
must have been generated by a similarly configured trans- 
 mitter using a compatible training sequence. 


At the receiver, detection of a training sequence requires that 
there be sufficient signal energy and that the receiver's car- 
пег frequency variable be within 30 Hz of nominal. 


Training Resync (V.27 bis/ter Turnaround) 


In a 2-wire half duplex data communication system, data can 

be transmitted in only one direction at any given. instant. 
Therefore, the modems at the local and remote sites are 
required to interchange their roles as the receiver and the 
transmitter respectively. This turnaround operation requires 
constant resynchronization to meet CCITT Recommenda- 
tions Tor V.27 Dieter | 


. The resync ‘configurations are used. for reacquiring synchro- ge 


nization in turnaround operation without having to go through 
the normal long training sequence. The гезупс training 
sequences are relatively short and are used for recovering 
carrier phase, symbol timing and achieving equalizer con- 

| мегдепсе without resetting carrier. ое апа сн 
taps.. | | 


Training Mice uod | | 

In the V27P/1 modem, two multipoint configurations are pro- 
vided for 4-wire circuits conforming to M1020 which permit 
short training sequences. In these configurations, the first 


train signal must be high to process the short training 
sequences; otherwise the receiver will ignore the training 


sequence and enter directly into the data mode. The receiver _ | 


will enter into the training mode if the first train signal is high 
and there is sufficient signal energy. 


For 4-wire circuits which are worse than M1020 and for 
2-wire circuits, a long training sequence should. be used 
rather than the multipoint configuration. These training 
sequences require that the receiver be in the proper. dial/ 
point-to-point configuration. 


Training Mode—Manual 


Тһе V27P/1 modem includes two manual configurations: in 
which the remote modem need not transmit a special training 


sequence to the local receiver. In these configurations, the - 


equalizer tap coefficients for the local. receiver must бе ini- 
tialized from an external source. The tap coefficients may be 
initialized by controlling three input terms—ICR, ІСІ and 
ICLCP—in synchronization with the Baud Rate Clock. 


In order to operate the modem in the manual configurations, - 


both the transmitter and receiver must be set according to 


10-54 


High Speed 4800 BPS Modem 


the code shown in Table 1. Manual configuration code octal 
30 has a longer synchronizing sequence than configuration 
code octal 32, but both synchronizing sequences conform 
to the CCITT Recommendation V.27. However, neither se- 


quence is of sufficient duration to aid in training the receiver. 


Receiver Operation During Loss of Line Signal 


When there is no line signal. present, all receiver update. 
relating to the equalizer, carrier frequency variable.and baud 
timing are inhibited and the current. values of the equalizer 


taps and the carrier frequency variable are retained. 


DATA QUALITY 


_ The receiver generates an Eye Quality Monitor (ЕОМ) signal 


that can be used to determine the equivalent Gaussian signal 
to noise ratio of the overall system within approximately = 
2 db. Eye quality is determined by calculating the difference 
between the received signal point after equalization and the 
transmitted or expected signal point. The receiver output 
DEQ2P is a filtered version of this error signal. It is a serial 


_ word clocked by the system bit clock (345.6 KHz or 230.4 
— KHz, depending on baud rate). Output signal DQGTP is а 


gating signal which delineates the eight MSB's of DEQ2P. 
The use and interpretation of these binary signals are quite. 
complex and are dependent on the application and the signal 
structure. The user can derive a meaningful interpretation of | 
the EQM readings by monitoring them while testing the 


‘modem against his performance criteria. 


Visual Display of Eye Pattern 


A visual indication of the modem’s performance can be 
obtained by displaying the received baseband signal struc- 
ture after equalization. This is done by converting the eight 


MSB's of the real and imaginary equalized signal points - 


available on DRERP and DIERP to analog voltages which 
are then used to drive the horizontal and vertical sweeps of 


‚ап oscilloscope. The resultant display will be a symmetrical 


dot pattern of 16 points, 8 points, or 4 points which is a time 
representation of the received baseband signal. Any uncom- 
pensated distortion over the transmission path will cause 
each dot in the pattern to enlarge or otherwise show distor- | 
tion. A typical visual eye pattern of a 4 point display is shown 
in the following diagram. 


DISPERSION 
DUE TO GAIN 
ERRORS 


DISPERSION. DUE . | 
TO PHASE ERRORS 


DISPERSION AROUND 

: PROPER POSITION DUE 
У TO COMBINATION OF . 

CIRCLE REPRESENTS RANDOM NOISE, PHASE 

PROPER POSITION OF t "n ERROR, AND/OR GAIN. 

HIGH QUALITY SIGNAL ERROR 


Typical Eye Pattern 
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Success Indicator 


A second data quality indicator is provided for in all config- 
urations except the 1200 baud non-V.27 modes. This signal 
provides a rough indication that the training has been suc- 
cessful and that data will be properly received. This "suc- 
cess" output (DSUCP) will go high during the last one to 
twenty milliseconds of receiver training, provided training has 


been successful. During the data mode (DRTMP low and |. 


D109 high), DSUCP will go high whenever 15 consecutive 
data marks or spaces are decoded at the receiver data. 
output. 


ADDITIONAL CAPABILITIES 


The V27P/1 provides many additional capabilities germane 
to data communication system design and implementation. 
Capabilities such as local loopback, tone generation and 
detection, external clock facilities, and 300 bps FSK opera- 
tion are briefly described in the following paragraphs. 


Local Loopback Capability 


A local loopback option is available for all half duplex and full 
duplex modem configurations. The Local Loopback Сот- 
mand (ILB) connects the transmitter's output through a buffer 
amplifier to the receiver input, thereby allowing a check of 
the local modem. The ILB command squelches the input to 
the receiver and loops the analog signal from the transmitter 
to the receiver input. 


An internal pattern generator is also incorporated in the 


modem which can be used when no modem test set is 
available. 


SPECIFICATIONS 


Tone Generation And Detection. У 


The transmitter can be used to ‘transmit single. "requéncy 
tones for disabling echo suppressors or for system signaling. 


Tone that can be transmitted: (selected through software con- 


trol) are: 1100 Hz, 1300 Hz, 1650 Hz, 1850 Hz, 2025 Hz, and 
2100 Hz. Other tones are also possible. The carrier fre- 
quency can be altered by selection of values for a binary bit 
stream. 


External Data Clock 


The data input to the transmitter can be clocked from an 


external source when the external clock is used as a refer- 


ence input to the data clock's phase locked loop. By applying 
an external clock the reference input will. cause the trans- 
mitter data clock to track the frequency and phase of the ref- 
erence. The frequency of the reference clock must be within 
100 ppm of nominal in order for the receiver's baud timing 


to properly track that of the transmitter. The reference clock 
‚ can be equal to the nominal data clock frequency or be a 
subharmonic of it as long as the frequency tolerance is 


adhered to. 


300 bps FSK Modem Operation 


A CCITT T.30 compatible 300 bps FSK modem having char- 
acteristics of Ше CCITT:V.21 channel 2 modulation system 


‚ can also be configured. Тһе FSK modem. is capable of gen- 


erating the 1100, 1300, 1650 and 1850 Hz tones.: 


V27P/1 Specifications 


Voltage dx Tolerance `` El 
+ 5 > E599 0 | 


+12 volt 
--12 volt 


DC Voltages - 
кат Current т (тука) | Current (Мах) 


Note: А! voltages must have ias «01 volts peak-to- Lash а 

AE NA EY | “Environment - a КР 

Temperature: us E MN | Seer eC. 10 60°С (32 10 1402) | 

| E AE Storage: —40°С. to +80°С (=40 10 176F) 

i (Stored i in. heat sealed antistatic bag and shipping contain 
Up to 90% noncondensing, ora wet bulb temperature up to 35, which- 
ever is less. | | | 

| Mechanical | 


Single PC board with Hm connector 


. 100 pin, ‘edge. connector, two sided, with 0.1 in (2.54 ст) centers. Rec- 
ommended Viking. 3VH50/IJNDS or equivalent mating connector. 


Dimensions: | : Width—9.188 in (23.338 cm) Depth—6.288 in (15.972 cm) 
Weight: | Less than 0.45 Ibs (0.20 kg) 


Relative Humidity: 


Board Structure; 
Mating Connector: 
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1200 BPS FULL-DUPLEX MODEM 


PRELIMINARY _ 


INTRODUCT ION 


The Rockwell R1212isa high performance full-duplex 1200 bps 


modem. Using state-of-the-art VLSI and signal processing 
technology, the R1212 provides the user with enhanced perform- 
ance and reliability on a single printed circuit board of less than 
22 square-inches—overall size. 


The R1212 modem is ideal for data transmission over the 2-wire 


dial-up telephone network. The direct-connect, auto dial/answer 


features are specifically designed for remote and central site 
computer applications. The bus interface allows easy integra- 
tion into a personal computer, box modem, microcomputer, 
terminal or any other communications product. that demands the 
| utmost in РОДУ and pene. 


The. added test features, euch as local analog TEN remote 
digital loopback, and.a self-test function, offer the user flexibil- 
ity in creating a 1200 bps modem design customized for specific 
packaging and functional requirements. 


Being CCITT V.22 A, B compatible, as well as Bell 212A and 
103 compatible, this modem fits any application for full-duplex 
1200 bps (synchronous and asynchronous) and 0.10 300 bps 
asynchronous data transmission over the general switched 
telephone network. 


FEATURES 


CCITT V.22 A, B Compatible _ 
Bell 212A and 103 Compatible 2 | 
Synchronous: 1200 bps, 600 bps +0.01% 
Asynchronous: 1200 bps, 600 bps + 1%, — 2.5%, 0-300 bps 
—Character length 8, 9, 10, er 11 bits. 
е DTE Interface | | 
—Functionally: Миесбркавазвот Bus Come) and RS-232-C 
interface (Data/Control) | 
--Несігіса Шу: TTL Compatible 
е Operation: 2-wire full-duplex  . 
• Adaptive and Fixed Compromize Equalization 


е Test Configurations: 


—Local Analog: Loopback 
—Remote Digital Loopback 
—Self Test | 
e Auto/Manual Answer 
е Auto/Manual Dial: — 
—Топе or Pulse Dial 
Power Consumption: 3 Watts Typical 
Power Requirements: +5 Vdc, +12 Vdc 
Plug-compatible member of new Rockwell modem line 
Two Versions: R1212DC (Direct Connect) with FCC approved 
DAA Part 68 Interface and R1212M (Module) without DAA 


91212 Full-Duplex Modem 


Document No. 29200N10 


Data Sheet Order No. MD10 
Rev. 1 January 1984 


12120 ооо 2200002 1200 bps Full-Duplex Modem 


TECHNICAL SPECIFICATIONS | | below the level of the main channel power, and again the 
| | "nmm XE overall power transmitted to the line should remain constant 
The following are the technical specifications for the R1212 whether or not a guard tone is enabled. The device 
modem. mE _ accomplishes this by reducing the main channel transmit path 
ain by .97dB and 1.76dB for the cases of the 1800 Hz and 

TRANSMITTER CARRIER AND SIGNALING a E c 2 | 

FREQUENCIES : к NR 
| 3. DTMF Tones: The R1212 is capable of generating dual tone 
| | И | , | multi-frequency tones. When the transmission of DTMF tones 
The transmitter carrier and signaling frequencies are given in are required, the CRQ and DTMF bits must be set to a 1. 
the following table: | (see Interface Memory). When in this mode, the specific 
T | Carri е AU. DTMF tones generated are decided by loading transmit 
ransmitter Carrier and Signaling . . register with the appropriate digit as shown in the following 
Frequencies Specifications table: 


Interface Memory Signals 


[B | ошо | 


| Specification 
Frequency (Hz 4 0.0196) 


V.22 low channel, Originate Mode 


V.22 high channel, Answer Mode 0 0 0 0 0 
Bell 212A high channel Answer Моде 0 0 0 1 1 
Bell 212A low channel Originate Mode 0 0 1 0 2 
Ве! 103/113 Originating Mark 0 0 1 1 3 
Bell 103/113 Originating Space 0 1 0 0 4 
Bell 103/113 Answer Mark ! : : : 
Bell 103/113 Answer Space 0 | : 1 7 
1 0 0 0 8 

ТОМЕ GENERATION 1 0 0 1 9 

The specifications for tone generation аге as follows: i : | : | ds (B) 

1. Answer Backtones: The R1212 is capable of generating 1 1 0 0 . Spare (C) 
echo disabling tones both of the CCITT and Bell versions, 1 1 0 1 | Spare (D) 
as follows: 1 1 1 0 # 
а. ССІТТ: 2100 Н2 +15 Н2. 1 1 1 1 Зраге (Е) 

| b. Bell: 2225 Hz +10 Hz. | 

2. Guard Tones: If GTS is low, an 1800 Hz guard tone frequency 
is selected; if GTS if high, a 553.846 Hz tone is employed. TONE DETECTION | 
Іп accordance with the CCITT V.22 Recommendation, the | | T: 
level of transmitted power for the 1800 Hz guard tone should ыны ааа ыы 
be 6 + 1dB below the level of the data power іп the main IGNALIN 
channel. The total power is transmitted to the line should be пана DAI PATES 
the same whether or not a guard tone is enabled. If a 553.846 The signaling and data rates for Hio R1212 are defined in the 

. Hz guard is used, its transmitted power should be 3 +1dB table below: 


Signaling and Data Rates 


“Operating Mode [| Signaling Rate (Baud) _ 


V.22: | 
(Alternative A) | | | МЕ eta d 
Моде! · | | | 1200 bps +0.01% Synchronous 


Mode iii Үл 600 Брз +0.01% Synchronous 


(Alternative В) | | 
’ Model Дий с 1200 bps +0.01% Synchronous 
Mode ii - | | _ 600 bps +0. 01%. eynehrenaus 


“Mode ii | | _ 1200 bps Asnchignious 


Mode iv | | 8, 9, 10, ог 11 Виз Per Character 
600 bps Asynchronous 
8, 9, 10, or 11 Bits Per Character 


Bell 212A 600 3 1200 bps +0.01% 
| i ти Synch ronous/Asychronous 
0 to 300 | ща 0 300 Врв Asynchronous 
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DATA ENCODING 


The specifications for data encoding аге as follows: 

1. 1200 bps (V.22 and Bell 212A). The transmitted data is divided 
into groups of two consecutive bits (dibits) forming a four-point 
signal structure. 

2. 600 bps (V.22). Each bit is encoded as a phase change 
relative to the phase preceding signal elements. 


EQUALIZERS 


The R1212 provides equalization functions which can be used 
to improve performance when operating over poor lines. 


Automatic Adaptive Equalizer—An automatic adaptive 
_ equalizer is provided in the receiver circuit for V.22 and Bell 212A 
configurations. 


Fixed Compromise Equalizer—Compromise equalizers are pro- 
vided in the transmitter and receiver. 


TRANSMITTED DATA SPECTRUM 


After making allowance for the nominal specified compromise 
· equalizer characteristic, the transmitted line signal has a fre- 
quency spectrum shaped by the square root of a 75 percent 
raised cosine filter. Similarly, the group delay of the transmitter 
output is within + 100 microseconds over the frequency range 


800. to 1600 Hz (low channel) and 2000 to 2800 Hz (high 


channel). 


SCRAMBLER/DESCRAMBLER 


The R1212 incorporates a -self-synchronizing scrambler/ 
descrambler. In accordance with the CCITT V.22 and the Bell 
212A recommendations. 


RECEIVED SIGNAL FREQUENCY TOLERANCE 


The receiver circuit of the R1212 can adapt to received frequency 
errors of up to +7 Hz with less than a 0.2 dBm degradation in 
BER performance. 


RECEIVE LEVEL 


The receiver circuit of the R1212 satisfies all specified perform- 
ance requirements for the received line signals from – 12 dBm 
to — 45 dBm. The received line signal is measured at the receiver 
analog input RXA. 


RECEIVE TIMING 


The R1212 provides a Receive Data Clock (RDCLK) output in 
the form of a (50 + 1% duty cycle) squarewave. The low to high 
transitions of this output coincide with the center of received data 
bits. The timing recovery circuit is capable of tracking a + 0.01% 
frequency error in the associated transmit timing source. 


TRANSMIT LEVEL 


The R1212M output control circuitry contains a variable gain 
buffer which reduces the modem output level. The В1212М can 
be strapped via the host interface memory to accomplish this. 
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Configuration Word Transmit Level 


PERMISSIVE/PROGRAMMABLE CONFIGURATIONS 


The R1212M transmit level 15 set to 0 dBm to allow a DAA to 
be used. The DAA would then determine the permissive or pro- 
grammable configuration. 


The R1212DC transmit level is strapped i in the permissive mode 
so that the maximum output level is -9.5 dBm +0.5 dBm. | 


TRANSMIT TIMING 


The R1212 provides a Transmit Data Clock (TDCLK) output with 
the following characteristics: 

1. Frequency. Selected data rate of 1200 or 600 Hz (+ 0.01 %). 
2. Duty Cycle. 50 +1%. _ 

Transmit Data (TXD) must ре stable during the опе microsecond 
periods immediately preceding and following the rising edge of | 
TDCLK. 


CLAMPING 


The following clamp is provided with the R1212: 
1. Receive Data (RXD). RXD is clamped to a constant mark (1) 
whenever RLSD is off. 


RECEIVED LINE SIGNAL DETECTOR 


The high and low channel thresholds are greater than - 45 dBm 
(RLSD on) and less than — 48 dBm (RLSD off) for V.22 and Bell 
212A configurations. 


DATA SET READY 


The on condition of the R1212 output Data Set Ready (DSR) 
indicates that the modem is in the data transfer state. The off 
condition of DSR is an indication that the DTE is to disregard 
all signals appearing on the interchange circuits—except the call- 
ing indicator and the test signal. DSR will switch to the off state 
when in test state. The on condition of DSR indicates the 
following: 


1. The modem is not in the talk state, i.e., an associated 
telephone handset is not in control of the line. 

2. The modem is not in the process of automatically establishing 
a call via pulse or DTMF dialing. 

3. The modem is generating an answer tone or detecting answer 
tone. 

4. After ring indicate goes on, DSR waits at least two seconds 
before turning on to allow the bell equipment to be engaged. 


DSR will go off 50 msec after DTR goes off or 50 msec plus a 
maximum of 4 sec when SSD is enabled. 


R1212 _ 


_ (OPTIONAL) 


ВЕАО 


тия 
О || рат во (фу. 
[ADDRESS Bus (4) | 

Y во” 


| HOST 
PROCESSOR 


i200 bps Ful-bupiox Modom 


TELEPHONE 
LINE | 


INTERFACE |-4- 


R1212 Functional Interconnect Diagram | 


DATA TERMINAL READY | 


An on condition of DTR prepares the modem: í to be connected 


ч 10 the communications channel, and maintains the connection 


| established by the DTE (manual answering) or internal | 


(ашотанс answering) means. The off condition places the . 


modem in the disconnect state. 


. MODES OF OPERATION | 
The R1212 is capable of being operated in either a serial ora 
parallel mode of operation. | 


ug SERIAL MODE 


me The serial mode uses standard V. 24 (RS-232-C cotiibàtible) 


signals to. transfer channel data. An optional USART device % 


(shown in the diagram above) illustrates this capability. 


| CONTROL SELECTION. 


Selection of either the бөлгі or parallel control is by means. Eon ~ 
bits ([0,1]:0:7). To enable the parallel control, the bits must be 


_ set о а one. In either mode, the R1212 is configured by the host 
^ processor via the microprocessor bus. 


INTERFACE CRITERIA 


The modem interface comprises both hardware and software D 
circuits. Hardware circuits are assigned to specific pins. in. a 


© 64-pin DIN connector. Software circuits are assigned to узрос, | 


oe in a Зеу interface memory. 


HARDWARE SUPERVISORY CIRCUITS. 


Signal names and descriptions of the. hardware Supervisory | 
circuits, including.the microprocessor interface, are given in the 


. following table. The microprocessor. interface. was designed ©. 
ђе compatible with ап 8080, 6500, 6800, and. 68000 
; пнегоргрезевог. | 
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R1212 Hardware Supervisory Circuits 


ве таме Г en _ 
[a ovane пъ 


| DGND Digital Ground 


AGND 
| +5 VDC 


Analog Ground 
+5 Volt Supply 


‚+12 VDC 
-12 VDC 


+12 Volt Зирр!у 
– 12 Volt Supply 
Power-On-Reset 


Data Bus (8-Bits) 


. Register Select (4-Bits) 


Chip Select for Bank 0 
Chip Select for Bank 1 
Read Enable 
Write Enable 
Interrupt Request 


| External Transmit Clock 
Transmit Data Clock 
Receive Data Clock 
Clear-to-Send 

Transmit Data 

Receive Data 

Received Line Signal Detector 
Data Terminal Ready 

Data Set Ready 
Ring Indicator In 


D. ANALOG SIGNALS (R1212M ONLY) 


АХА ЗгА Несеіуе Analog 
ТХА 31A Transmit Analog 
Е. SIGNALS TO DAA (R2424M ONLY) 


Ring Detect | 
Request Coupler Cut Through 
Coupler:Cut Through 

Off-Hook Relay Control 


Transmit Baud Clock 
Receive Baud Clock 
Так ТІК = Data © 
ща ORG = 


Answer 


Bidirectional 
Input 
Output 
Open Collector End 
Power 
Ground 
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Microprocessor Interface Timing Diagram 


Critical Timing Requirements 


Е ы ма ш 


CSi, RSi setup time prior 
to Read or Write 


Data Access time after Read 
Data hold time after Read 


CSi, RSi hold time after 
Read or Write 


Write data setup time 
Write data hold time 


Write strobe pulse width 


R1212 ЧЕ 22222771200 bps Full-Duplex Modem 


INTERFACE MEMORY _ ji | “= TE ae 
The R1212 has two banks of 16 registers to which an external | When information in these A is being дослар the 


(host) microprocessor has access. Although these registers are “| format Y: 2:0 is used. The bank is specified by Y (0 or 1), the 
within the modem, they may be addressed as part of the host .. register by 2 (0- F) and the bit by О (0-7, 0 = LSB). А bit is 
processor' в memory space. The host may read data oüt of or — considered to be ‘on’ when set to a опе. · ЕА. | 


write data into these registers. These registers, as shown i in the 
following table, are refered to as interface memory. 


_ R1212 Interface Memory 


Description | Вап из Fb ow -` Description. 
Do Not Use i ENE | | Dial Digit Register. 
. Do Not Use: ` | | Do Not Use 
Diagnostic Data Real LSB' 5 Diagnostic Data Real LSB's 
Diagnostic Data Real MSB's Diagnostic Data Real MSB's 
Diagnostic Data Imaginary LSB's Diagnostic Data Imaginary LSB's 
Diagnostic Data Imaginary МӘН 5 Diagnostic Data шоа MSB's 
. Do Not Use Do Not Use 
„Ро Not Use. Do Not Use 
Receiver Status Transmitter Status 
Receiver Status Configuration 
Configuration Configuration 
Configuration Configuration . 
Configuration Configuration 
Configuration Configuration 
‚. Handshake Status Handshake Status 
Diagnostic Control Register Diagnostic Control Register 


о 


оооооооооооооооо 
MMOUODWPYFOANDAAWN=— 
AS ШЫ cb АЛЫ ay пе DR LR АЛ 
"nmoOoQg»oo-oonrfomwma 


The interface memory bits are defined in the following table: 


| СЕ Interface Memory Definitions 
Ee x t3] | Memory | mE | 
Name | _ Definition Location С Description 


5 Auto Answer Enable 1:D:4 When c on, АДЕ | causes the modem to automatically answer when a ringing signal 
| ES | | : is present от the line. | T 


| Analog Loopback (0,1): B:0 When on, AL places the modem in ши loopback. (59% Software Беше 
ae | Circuits). 2 


Bus Select | | (0,1):0:7 |. When on, BUS places the modem in the parallel control mode: When off, the _ 
| modem is configured for the serial control mode. Bus. can be in either state to 
configure the modem. ^u | 


Character Length Select (0,1): C: (3,4) These bits select either 8, 9, 10, or 11 bit characters. (Seo Character Length i 
| | | табје).. ща c | ps 


Call Request. _ (0,1):0:6 || When оп, cRQ places the transmitter in auto dial and the receiver in tone _ 
tox d : pe 2 ао» . detect mode. The data placed in the dial digit buffer 18 then treated as digits to. 
_ | фе dialed. After the last digit has been dialed, FF (Hex) should be loaded into · 
| the buffer to. tell the modem to go to the data state. CRQ in the transmitter 
. (Bank 1) when turned off causes the modem to go on-hook. Therefore, | should 
be on for the. duration of the call and not turned off until it is desired to go on- 
hook. CRQ in the receiver (Bank 0) must be turned off immediately after | 
ringback is detected to put the modem in the data mode, gewiss no 
|. answerback tone: will be detected. | 


Clear-to-Send 186 | When оп, , CTS indicates to the terminal equipment that the modem wil transmit 
гапу data which. are present at TXD. | | | 


Talk/Data 2 m DH | When on, DATA асов the. modem in data. state and when off in the talk state. | 
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_ Definition _ 
Dial Digit Empty Interrupt 


Dial Digit Register Empty 


Digital Loopback (Manual) |. 


Data Line Occupied  - | 


` Data Set Ready 


Data Set Ready In Analog 
Loopback 


Touch Tones/ 
Pulse Dialing 


Data Terminal Ready 


Enable New Status 
Interrupt 


Enable Response to 
. Remote Digital Loopback 


Guard Tone Enable 


Guard Tone Select 
Interrupt Request 


Enable Loss of Carrier 
Disconnect 


Mode Select | 


New Configuration 


New Status 


1200 bps Full-Duplex Modem 


Interface Memory Definitions (continued) 


Memory 
| Location 


(0,1): А:5 


1:8:7 


(0,1): E:6 
(0,1): А:7 
1:8:4 


1:8:3 
(0,1): Е:7 


0:0:2 
(0,1): А:(0-3) 


(0,1): Е:3 


(0,1):Е:5 


Description 


. When on, DDEI causes an interrupt to occur when the dial digit register (1 :0) 


is empty (ООНЕ = 1). 


When on, DDRE indicates that the dial digit register is empty and can be 
loaded with new digits to be dialed. After the register is loaded, DDRE goes 


off. 


When on, DL manually pates the modem in oda loopback, (See Software. 
Diagnostic Circuits). | 


When оп, DLO indicates that the modem is іп auto dial, i.e., СНО is on and 
the modem is off-hook ук to des 


When on, DSR indicates таг те modem hanshake has begun and that the 
data state will follow. DSR alone should not. be used to indicate that the 
communication channel has been completely established. DSR in conjunction 
with CTS and RLSD will determine this. DSR will be off in all test states 
(except optionally for analog loopback) and when the channel is being used 
for voice communication (talk). 


When on, DSRA causes DSR to be on during analog loopback. 


When on, DTMF tells the modem to auto dial using tones. When off thẹ 
modem should dial using pulses. 


DTR must бе оп before the modem will enter the data state, either manually 
or automatically. DTR must also be on in order for the modem to РЕН 
answer an incoming call. | 


When on, ENSI causes an interrupt. to occur when the status bits in registers 
(0:18, 9]) and (1:8) are updated. (NEWS - 1) 


When on, ERDL enables the modem to respond to another modem's remote 
ша loopback request, thus going into loopback. 


When on, GTE causes the specified guard tone to be transmitted (CCITT 
сринашещера only). 


When off, GTS selects the 1800 Hz tone and when on the 550 Hz tone. 
When on, IRQ indicates that an interrupt has been generated. 


When on, LCD causes the modem to terminate a call when a loss of received 
carrier energy is detected after approximately 350 msec. 


These bits select the compatibility at which the modem is to operate. (See 


Mode Select table). 


When on, NEWC tells the modem that a new cóntigüratien has been written 
into the configuration registers. The modem will then read the configuration 
registers and then reset NEWC. NEWC must be set after a new configuration 
has been written into the following registers: (0:[A-D]) and (1:[9-D]). The 


|. remaining registers до not require the use of NEWC to tell the modem that 


new data was written into them. 


When on, NEWS tells the user that there has been a change of status in the 
status registers. 
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pw Definition | 


Originate/Answer 


Initiate Remote Digital 
Loopback 


Remote Digital Loopback 
Indicator 


Ring Indicator 


Received Line Signal 
Detector 


Enable Receive Space 
Disconnect 


Speed Indication 
Enable Send Space . 
Disconnect 


Self Test 


3 dB Loss to Receive 
Signal 


Tone Detect 


Transmit Clock Select 


Interface Memory Definitions (Continued) 


Memory | 


Location 


(0,1)::А:6 


0:8:1 


0:0:1 


0:9: (4,5) 


1:0:0 


(0,1):А:4 


1:В:2 


1:С: (5,6) 


SOFTWARE SUPERVISORY CIRCUITS 


The operation of the R1212 is affected by a number of software 

· control inputs. These inputs are written into registers within the 
modem via a microprocessor bus under external control. Modem 
operation is monitored by various software flags that are read 

from modem registers using the same microprocessor bus. 


The transmit and receive registers contain many bits which per- 
form identical functions and are located in the same memory 
location only in different banks. Care must be taken to set these 
bits according to the desired function. 


CONFIGURATION REGISTER 


The host processor configures the R1212 by writing a control 9 bits 
word into the configuration registers in its interface memory | 
space аз shown іп the following tables: 


When on, ORG tells the modem that it is originating a call and when low 
answering a call. This is only valid in manual originate/answer and analog 
loopback. 


When on, RDL causes the modem to initiate a request for the remote modem 
to go into digital loopback. 


When on, RDLI indicates that the modem has received an RDL request and is 
in remote digital loopback. 


When on, RI indicates that a ringing signal is being detected. 


When on, RLSD indicates that the carrier has successfully been received. 
RLSD will not respond to the 550, 1800, 2100, or 2225 Hz tones. 


When on, RSD causes the modem to go on-hook after receiving approximately 
1.6 seconds of continuous spaces. 


00 = 300 bps 
01 600 bps 


10 = 1200 bps 


When оп, 550 causes the modem to transmit approximately 4 seconds of 
spaces before disconnecting, when DTR is turned off. 


When on, ST activates self test. ST must be turned off to end the test. (See 
Software Diagnostic Circuits). 


When on, ЗОВ attenuates the received signal 3dB. This is only used if the 
R1212M will see OdBm or greater line signal at the receiver input. Insertion of 
the 3dB loss will then prevent saturation. This bit is not needed with the 
R1212DC. 


TONE follows the energy detected in the 340 to 645 Hz frequency band. The 
user must determine which tone is present on the line by determining the duty 
cycle. TONE is active only when CRQ in Bank 0 is on. 


TXCLK allows the user to designate the origin of the transmitter data clock. 
(See Transmit Clock table). | 


Mode 


| Configuration | Configuration Word 


Bell 212A 1200 Sync. 
Bell 212A 1200 Async. 
Bell 212A 300 Async. 
V.22A 1200 Sync. 
V.22B 1200 Async. 
V.22A 600 Sync. 


600 Async. 


V.22B 


Character Length 


| Configuration .— Configuration Word 


8 bits 


10 bits 
11 bits 
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Transmit Clock 


Configuration Configuration Word 
0 


Internal 
Not Used 
External 
Slave 


e pow [| I1 | я 
[3 ШЕН БЕН БЕС.” БЕН БЕНЕН БЕН 
СА Сеново Ге | ма 

ЖЕГЕ ЕКЕН И пета БЕС И ЕТЕ 


се [ ома || 
Со во ее | | hefo 
к то Јело лема m | | - 


Diagnostic Control Register 


Transmitter Interface Memory Bank 1 (CSI) 


Bit 
7 
Register 


ro | варон Register 
i Bae aa 


[2 [Diagnose Data Real ow | 
БЕГЕН [__ Diagnose Data Real High 
[4 | Biegrosto Data imaginary Low — 
[$ | радио Data Imaginary High | 


СА СЕ | по: | о. [er БЕНЕН!” — - 
Св | таға [те Газ [soe [отме] AL | 
[ c fosa] так | cw | [| | 
[> [eus [ora oma] me [ora] | __ 560 | 
[= [ro [ensi [news| [Newa poer] [боя 
ГЕ Сота Register — 
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AUTO ПІЛІ. SEQUENCE 


The following flow chart defines the auto dial sequence via the 
microprocessor interface memory. 


SET DTMF 
TONES 
PULSES 


1 = 


‘LOAD DIAL 
DIGIT INTO 
D.D. REG. 


LOAD FF 
INTO 
D.D. REG. 


Auto Dial Sequence Flow Diagram 


Note: The modem timing for the auto dialer accounts for inter- 
digit delay for pulses and tones. 


DIAGNOSTIC CAPABILITIES 


The R1212 provides the user with access to much of the data 
stored in the modems memories. This data is a useful tool in 
performing certain diagnostic functions. 


RAM ACCESS CODES 


The RAM access codes defined in the table below allow the host 
processor to read diagnostic data from the modem receiver. The 
access codes should be loaded into the diagnostic control 
register (0:F). The appropriate diagnostic data will then be 
available in the diagnostic data registers (0:[2-5)). 


RAM Access Codes Bank 0 


Scrambled Data (Imag. Reg.) 

Self Test Error Counter (Real Reg.) 
Equalizer Tap Coefficients 

Phase Error (Real Reg.) 

Rotated Equalizer Output 


Real 
Real | 
Complex . 
Real 
Complex 
_ (Received Point Eye Pattern) 

Rotated Angle (imag. Reg.) 

Low Pass Filter Output | 

Input Signal to Equalizer Tap Coefficients 
Decision Points (Ideal) 
Rotated Error 
Equalizer Output 
Demodulator Output _ 


Неа! 

Сотр!ех 
Сотрјех 
Complex 
Complex 
Complex 
Complex 
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TEST 
The specifications for R1212 tests are defined as follows: 


Self tests can be initiated by setting bits ([0,1]:A:4) to a 1. It 
is possible to perform the tests with or without the DTE con- 
nected to the modem. During any self test TXD and RTS are 
ignored. Note that self tests do not test asynchronous-to- 
synchronous converter circuits in either the transmitter or 
receiver. 5 


Error detection is accomplished by monitoring a counter in the 
RAM. If the counter increments during the self test, an error was 
made. The counter contents are available in the diagnostic 
registers when the RAM access code 00 is loaded in the 
diagnostic control register (0:F). 


Self test end-to-end—Upon activation of self-test an internally 
generated data pattern of alternate binary ones and zeros 
(reversals) at the selected bit rate are applied to the scrambler. 
An error detector, capable of identifying errors in a stream of 
reversals are connected to the output of the descrambler. 


Self test with loop 3—Loop 3 is applied to the modem as 
_ defined in recommendation V.54. Self-test is activated and ОСЕ 
operation is as in the end-to-end test. In this test DTR is ignored. 


Self test with loop 2—The modem is conditioned to instigate 
a loop 2 at the remote modem as specified in recommendation 
V.54. Self-test is activated and DCE operation is as in the end- 
to-end test. 


Loopbacks—Remote digital loopback, digital loopback, and 
local analog loopback can be initiated via the interface memory, 
as follows: 


1. Digital Loopback. The R1212 can be manually conditioned 
to loop the received data back to the transmitter by setting 


NOISE 
SOURCE 
GR1381 
50 KHZ BW 


IMPAIRMENT 
SOURCE 
BRADLEY 2A 


LINE 
SIMULATOR 


ENGINEERING 
MODEM 
CONSOLE 


Signal and noise are measured with 3 kHz flat weighting. 


the DL bits ([0,1]:A:5). DL should be set during the data 
mode. DSR and CTS will be off. The local modem can then 
be tested from the far-end by using the terminal equipment 
at the far-end to transmit a test pattern and examine the 
looped data. At the far-end modem, all interface circuits 
behave normally as in the data mode. At the conclusion of 
the test, DL must be turned off. The local modem will then 
return to the normal data mode with control reverting the 
DTE’s DTR. 

2. Local Analog Loopback (V.54 Loop 3). The R1212 is capable 
of entering into a local analog loopback (V.54 Loop 3). In this 
loop, the transmitter’s analog output is coupled to the 
receiver's analog input at a point near the modem’s telephone 
line interface. An attenuator is introduced into the loop such 
that the signal level coupled into the receive path is approx- 
imately — 16 dBm attenuation. 

3. Remote Digital Loopback (V.54 Loop 2) (Bell 212A and CCITT 
V.22 bis апа V.22). The В1212 is capable of entering into a 
remote digital loopback. Remote digital loopback may be 
locally entered by the interface memory. Remote digital loop- 
back cannot be performed simultaneously with local analog 
loopback. 


POWER-ON INITIALIZATION . 


When power is applied to the R1212, a period of 100 to 300 ms 
is required for initialization. The power-on-reset (POR) signal 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to be configured. 


The modem automatically defaults to Bell 212A 1200 bps, 
answer state using serial start-stop data, 10 bits per character. 


POR can also be used to initialize the user's host processor. 
It may be connected to a user supplied power-on-reset signal 
in a wire-or configuration. 


LEVEL 
METER 
HP 3552A 


ATTENUATOR 
HP 350D 


ATTENUATOR | MODEM 
HP 350D per RECEIVER 


ENGINEERING 
MODEM 
CONSOLE 


BER Performance Test Set-up 
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PERFORMANCE | 


Whether functioning аз а V.22, or Вей 212A type modem, and 
regardless of simulated line condition or introduced line impair- 
ment, the R1212 provides unexcelled high performance to the 
user. 


BIT ERROR RATES 


The Bit Error Rate (BER) performance of the R1212 is specified 
for a test configuration conforming to that specified in CCITT 
Recommendation V.56, except with regard to the placement of 
the filter used to bandlimit the white noise source. Bit error rates 
are measured at a received line signal level of — 43 dBm. 


INTERFACE CIRCUIT CHARACTERISTICS 
DIGITAL INTERFACE CIRCUITS 


Digital Input Characteristics 


Input Logic State Allowed Input Voltage Levels 


| Low 
High 


0.0V to +0.8V at – 2.5 uA | 
4-2.0V to +5.0V at +2.5 „А 


Notes: | 

1. The digital inputs are directly TTL/CMOS compatible. The 
capactive loading on each input is 25 pF (maximum). ` 

2. Positive current is defined as current into the node. 


Digital Output Characteristics 


Output Logic State Allowed Output Voltage Levels 


Low --0.4V at +1.6 mA 
High +2.4М at – 100 дА 


Notes: | 
1. The digital outputs are directly ТТУСМО$ compatible. 

The capactive loading on each output is 50 pF (maximum). 
2. Positive current is defined as current into the node. 


ANALOG INTERFACE CIRCUITS 
TRANSMISSION LINE INTERFACE 


The R1212DC interface to the telephone line is the Тір and Ring 
leads. Lightning induced surge voltages and other hazardous 
voltages which may appear on the telephone line are limited to 
approximately 7V peak between the secondary leads of the line 
coupling transformer. | 


Тһе DAA (R1212DC only) is bi-directional as required ру 2-wire 
full-duplex circuits. 
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Connection to the telephone line interface pins of the R1212DC 
to the network are made via the RJ11, as shown in the table 
below: | | 


R1212DC Network Interface | 


VSOC 2 ` 


Ring-one side of 
telephone line 
Тір-опе side of 
telephone line 


RING INDICATOR 


The R1212 provides a ring indicator (RI) output; its low state 
indicates the presence of a ring signal оп the line. The low 
condition appears approximately coincident with the on segment 
of the ring cycle (during rings) on the communication channel. 
(The ring signal cycle is typically two seconds on, four seconds 
off.) The high condition of the indicator output is maintained 
during the off segment of the ring cycle (between rings) and at 
all other times when ringing is being received. The operation | 
of RI is not disabled by an off condition on Data Terminal Ready. 


RI will respond to ring signals in the frequency range of 15.3 Hz 
to 68 Hz with voltage amplitude levels of 40 to 150 Vrms (applied 
across Тір and Ring), with the response times given in the follow- | 
ing table: 


RI Response Time 


Off-to-On 125 ms to 400 ms 
On-to-Off 75 ms to 250 ms 


This off-to-on (on-to-off) response time is defined as the time 
interval between the sudden connection (removal) of the ring 
signal across Tip and Ring and the subsequent on (off) transi- 
tion RI. 


OH (OFF-HOOK) 


The R1212M provides an output OH (Off-Hook) which indicates 
the state of the OH relay. A low condition on OH implies the OH 
relay is closed and the modem is connected to the telephone 
line. A high condition оп OH implies the OH relay is open (1.е., 
the modem is on-hook). The delay between the low-to-high or 
high-to-low transition of OH and the subsequent close-to-open 
or open-to-close transition of the OH relay is 8 ms maximum. 
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АО 

RD indicates to the R1212M by an on (low) condition that а 
ringing signal is present. The RD signal should not respond to 
momentary bursts of ringing less than 125 ms in duration, or 
to less than 40V rms, 15 to 68 Hz appearing across Тір and Ring 
with respect to ground. 


RCCT 


RCCT is used to request that a data transmission path through 
the DAA be connected to the telephone line. When RCCT goes 
off (low), the cut-through buffers are disabled and CCT should 
go off (high) within 1 msec. RCCT should be off during dialing 
but on for tone address signaling. 


CCT 


An on (low) signal to the CCT lead indicates to the R1212M that 
the data transmission path through the DAA is connected. 


AUDIO INTERFACE INPUT IMPEDANCE 


The specifications for the audio interface input impedance are 
given in the following table: 


Audio Interface Input Impedance 


On/Off Hook 


On-Hook (DC) 


Measurement 


- The DC resistance between Тір and 
Ring, and between either Tip or Ring 
and signal ground is greater than 
10 megohms for DC voltages up to 
100 volts. | 


Тһе on-hook АС impedance measured 
between Tip and Ring is less than 
40K ohms (15.3 Hz minimum). 


Less than 200 ohms 


| Оп-Ноок (AC) 


Off-Hook (DC) 


Off-Hook (AC) 600 ohms nominal when measured 
between Tip and Ring. 


TRANSMITTER OUTPUT 


Basic telephone company requirement is that the signal level 
received at the relevant local central office not exceed — 12 dBm. 
Several different "connection arrangements" have been 
established (as documented in Part 68) to accomplish this goal. 


When the permissive connection arrangement is used, the 
transmit output signal level appearing across Tip and Ring (with 
a 600 ohm resistive load across Tip and Ring) will not exceed 
– 9 dBm. The output level is set at a fixed — 10 dBm (nominal). 
The permissive wall jacks used for data connections are the 
same jacks used for standard voice installations. The permissive 
connection arrangement allows greater mobility for user 
equipment. | 
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When the programmable connection arrangement is used, the | 
maximum output transmit signal level allowed to appear across 
the Tip and Ring (again, terminated with 600 ohms) is set by 
a resistor installed by the telephone company in their wall jack 
at the customer location: The resistor (which is one of thirteen. 
possible values) interacts with the modem through modem leads 
PR and PC to program the maximum output level, in one dB 
steps between — 12 dBm and 0 dBm. (The resistor is selected 
by the telephone company jack installer after he has measured 
the line loss from the customer location to the local telephone 
company central office). — | | 


INSTALLATION 
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IMPORTANT NOTICE TO USER 


The modem contains protective circuitry registered with the 
Federal Communications Commission (FCC) Part 68 to allow 
direct connection to the switched telephone network. To com 
ply with the FCC is required: | 


1. All direct connections to the telephone lines shall be made 
through standard plugs and telephone company provided 
jacks. Е | | 

2. It is prohibited to connect the modem to рау telephones ог 
party lines. | 

3. You are required to notify the local telephone company prior 
to the connection and upon final disconnection of the modem. 
You must supply to the telephone company the make, model 
number, FCC registration number, ringer equivalence and 
particular line to which the connection is to be made. If the 
proper jacks are not available, you must order the type of- 
jacks to be used from the telephone company. 

4. You should disconnect the modem from the telephone line 
if it appears to be malfunctioning. Reconnect it only when 
it can be determined that the telephone line is the source of 
trouble. If the modem needs repair, return it to Rockwell Inter- 
national. This applies to equipment both in and out of war- 
ranty. Do not attempt to repair the unit as this will violate ЕСС ·. 
rules. | | | : Е. 

5. The modem contains protective circuitry to prevent harmful 
voltages from being transmitted to the telephone network. 
If however such harmful voltages do occur, then the telephone 
company shall: | 
* Promptly notify you of the discontinuance. | 
• Afford you the opportunity to correct the situation which 

caused the discontinuance. - 
The FCC requires that the following label be prominently 
displayed on an outside surface of the OEM's end product. 
* Unit contains Registered Protective Circuitry which 
complies with Part 68 of FCC Rules. 
• ЕСС Registration Number: Applied For 
* Ringer Equivalence: 0.5 а 
Size of the label should be such that all the required infor- 
mation is legible without magnification. | 
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GENERAL SPECIFICATIONS 


The general specifications for the R1212 are e given in the follow- 
ing tables: A 


Power Requirements 


voltage | Tolerance 


“All voltages must have ripple <0.1 volts peak-to-peak. 


Environmental 


Temperature: | 
Operating = > 0С to + 609C (82 to 1409F), - 
Storage” | – 409 С 10 + 8090 (—40 to 17692) . 
Relative Humidity: Up to 90% noncondensing, ora wet . 
| bulb temperature up to 35°С, 
| VOL. whichever is less. 
“Altitude: _ | -200 to + 10,000 feet - 


*PCB's are stored in heat sealed antistatic bags and shipping 
containers. | | | 5 


. Mechanical | | | 
Воага Structure: | "| Single PC board with right angle 
| male DIN connector. у 
Майпо Connector: го Female 3 row. 64 pin Euroconnector 
^^ (DIN) with rows А and C populated: 

Recommended mating connector: : 
Winchester 968-6043-0531-1 ог. 
equivalent. 


PCB Dimensions: | 
DC Version .. Width 3.94 in. (100 mm) x Length . 
| 4.725 іп. (120 mm). x Height 0.75. 


ча 22 in. (19 mm) | 
M Version — Width 3.94 in. (100 mm) x Length 
| ie 3.35 in. (85 mm) x Height 0. 40 in. 
SEES (10 mm) 
Weight ` Less than 0.45 158. (0.20 kg). 
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2156 + .003 
DIAMETER. 
4 PLACES 


22,186 4.003. 

> DIAMETER 7 

76 PLACES | 

| МАЁЕ 64-PIN. | 
" ОМ CONNECTOR “| 


MALE 64-PIN ` 
DIN CONNECTOR 


Printed Circuit Board Dimensions 
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integral Modems 


82424 | 


2400 ВРЗ FULL-DUPLEX МОРЕМ 


Rockwell 


 PRELIMINA RY 


INTRODUCTION - 


. TheRockwell R2424 | is a high МЕ full- -duplex 2400 bps ^. 

_ modem. Using state-of-the-art VLSI and signal processing 
‚ technology, the А2424 provides the user with enhanced репогт-. ` 

ance апа reliability on a single printed circuit board of less than . 


22 square- genes = overal size. 


| The R2424 modem i is ideal tordaia transmission over the 2-wire 
dial-up telephone network. The direct-connect, auto dial/answer 


. features are specifically designed for remote and central зе... 
computer applications. The bus interface allows easy integra- _ 
tion into a personal computer, box modem, microcomputer, ter- 


| minal or any other communications product that demands the 
utmost. in reliability and performance. 


The added test features, such as local analog loopback, remote 
digital Іоорраск, and a self-test function, offer the user flexibil- 
ity in creating а 2400 bps modem design customized for specific 
packaging and functional requirements. — 


Being CCITT V.22 bis, V.22 A, B compatible, as well as Bell 212A 
and 103 compatible, this modem fits most applications for full- 
duplex 2400 and 1200 bps fallback (synchronous and asyn- 
chronous) and 0 to 300 bps asynchronous data transmission over 
the general змеев telephone network. 


FEATURES 


CCITT V.22 bis, V. 22 A, B Compatible 
Bell 212A and 103 Compatible 
Synchronous: 2400 bps, 1200 bps, 600 bps +0.01% 
Asynchronous: 2400 bps, 1200 bps, 600 bps + 196, — 2.5%, 
0-300 bps 
—Character length 8, 9, 10, or 11 bits 
* DTE Interface | 
—Functionally: Microprocessor Bus (Control) and RS- 232-C 
Interface (Data/Control) 
--Несігіса!у: TTL Compatible : 
e Operation: 2-wire full-duplex | 
е Adaptive and Fixed Compromize Equalization 
• Test Configurations: 
— Local Analog Loopback 
—Remote Digital Loopback 
—Self Test 
е Auto/Manual Answer. 
• Auto/Manual Dial: 
—Tone or Pulse Dial 
Power Consumption: 3 Watts Typical 
Power Requirements: +5 Vdc, +12 Vdc 
Plug-compatible member of new Rockwell modem line 
Two Versions: R2424DC (Direct Connect) with FCC approved 
DAA Part 68 Interface and R2424M (Module) without DAA 


R2424 Full-Duplex Modem 


Data Sheet Order No. MD11 


Document No. 29200N11 5 | 10-70 
| | Rev. 1 January 1984 


82424 © 


. 2400 bps Full-Duplex Modem 


TECHNICAL SPECIFICATIONS 


The following are the technical specifications for the R2424 
modem. | 


О TRANSMITTER CARRIER AND SIGNALING 


FREQUENCIES 


| The transmitter carrier and signaling frequencies are given іп 
the following table: 


Transmitter Carrier and Signaling 
Frequencies Specifications 


Specification 
(Hz +0.01%) 


Frequency 


V.22 bis low channel, Originate Mode 
V.22 low channel, Originate Mode 
V.22 bis high channel, Answer Mode 
V.22 high channel, Answer Mode 

Bell 212A high channel Answer Mode 
Bell 212A low channel Originate Mode 
Bell 103/113 Originating Mark 

Bell 103/113 Originating Space 

Bell 103/113 Answer Mark 

Bell 103/113 Answer Space 


TONE GENERATION 


The specifications for tone generation are as follows: 


1. 


Answer Backtones: The R2424 is capable of generating 
echo disabling tones both of the CCITT and Bell versions, 
as follows: 

a. CCITT: 2100 Hz +15 Hz. 

b. Bell: 2225 Hz +10 Hz. 


. Guard Tones: If GTS is low, an 1800 Hz guard tone fre- 


quency is selected; if GTS if high, a 553.846 Hz tone is 
employed. In accordance with the CCITT V.22 Recommen- 


. Signaling and Data Rates 


. Dial 
Digits Tone Pairs 


——————————0000o0o0000 


dation, the level of transmitted power for the 1800 Hz guard 
tone should be 6 +1 dB below the level of the data power 
in the main channel. The total power transmitted to the line 
should be the same whether or not a guard tone is enabled. 
If a 553.846 Hz guard tone is used, its transmitted power 
should be 3 + 1 dB below the level of the main channel power, 
and again the overall power transmitted to the line should 
remain constant whether or not a guard tone is enabled. The 
device accomplishes this by reducing the main channel 
transmit path gain by .97 dB and 1.76 dB for the cases of 
the 1800 Hz and 553.846 Hz guard tones respectively. 


. DTMF Tones: The R2424 is capable of generating dual tone 


multi-frequency tones. When the transmission of DTMF tones 
are required, the CRQ and DTMF bits must be set to a 1 (see 
Interface Memory). When in this mode, the specific DTMF 
tones generated are decided by loading transmit register with 
the appropriate digit as shown in the following table: 


Interface Memory Signals 


0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 1 1 7 
0 0 0 8 
0 0 1 9 
0 1 0 ж 
0 1 1 Зраге (В) 
1 0 0 Зраге (С) 
1 0 1 Spare (D) 
1 1 0 # 
1 1 1 Зраге (Е) 


V.22 bis: 


V.22 bis: 


\.22: | 

(Alternative А) 
Моде ! 
Mode iii 

(Alternative B) 
Mode i 
Mode iii 


Mode ii 


Mode iv 


Bell 212A: 


600 


0 to 300 
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Synchronous/Asynchronous 
2400 брз +0.01% 


Synchronous/Asynchronous 
1200 Брз +0.01% 


1200 bps +0.01% Synchronous 


600 bps +0.01% Synchronous 


1200 bps +0.01% Synchronous 
600 bps +0.01% Synchronous 


1200 bps Asynchronous 
8, 9, 10, or 11 Bits Per Character 


600 bps Asynchronous 
8, 9, 10, or 11 Bits Per Character 


1200 bps +0.01% 
Synchronous/Asynchronous 
0 to 300 bps Asynchronous 
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TONE DETECTION 
The R2424 can detect tones in the 340 to 645 Hz band. 


SIGNALING AND DATA RATES 


The signaling and data rates for the R2424 are defined in the 
table below: 


DATA ENCODING 


The specifications for data encoding are as follows: 

1. 2400 bps (V.22 bis). The transmitted data is divided into 
groups of four consecutive bits (quad bits) forming a 16-point 
signal structure. 

. 1200 bps (V.22 and Bell 21 2A). The transmitted data is divided 
into groups of two consecutive bits (dibits) forming a four-point 
signal structure. 

. 600 Брз (V.22). Each bit is encoded as a phase change 
relative to the phase preceding signal elements. 


~ 


о) 


EQUALIZERS 


The R2424 provides equalization functions which can be used 
to improve performance when operating over poor lines. 


Automatic Adaptive Equalizer—An automatic adaptive 
equalizer is provided in the receiver circuit for V.22 bis, V.22 
and Bell 212A configurations. | 


Fixed Compromise Equalizer—Compromise equalizers are pro- 
vided in the transmitter and receiver. 


TRANSMITTED DATA SPECTRUM 


1. V.22 bis. The transmitted line signals (excluding the 
characteristics of the fixed comromise equalizer) have a fre- 
quency amplitude spectrum shaped by the square root of 
75 percent raised cosine filter. The group delay of the 
transmitter output is within +100 microseconds over the 
frequency ranges 900 to 1500 Hz (low channel) and 2100 to 
2700 Hz (hgh channel). 

2. V.22. After making allowance for the nominal specified com- 
promise equalizer characteristic, the transmitted line signal 
has a frequency spectrum shaped by the square root of a 
75 percent raised cosine filter. Similarly, the group delay of 
the transmitter output is within + 100 microseconds over the 
frequency range 800 to 1600 Hz (low channel) and 2000 to 
2800 Hz (high channel). 


SCRAMBLER/DESCRAMBLER 


The R2424 incorporates a self-synchronizing scrambler/ 
descrambler. In accordance with the CCITT V.22 bis, V.22 and 
the Bell 212A recommendations. 


RECEIVED SIGNAL FREQUENCY TOLERANCE 


The receiver circuit of the R2424 can adapt to received frequency 
errors of up to + 7 Hz with less than a 0.2 ет degradation іп 
BER performance. 


RECEIVE LEVEL 


The receiver circuit of the R2424 satisfies all specified perform- 
ance requirements for the received line signals from — 12 dBm 
to —45 dBm. The received line Signe is measured at the receiver 
analog input RXA. 


RECEIVE TIMING 


The R2424 provides a Receive Data Clock (RDCLK) output in 
the form of a (50 + 190 duty cycle) squarewave. The low to high 
transitions of this output coincide with the center of received data 
bits. The timing recovery circuit is capable of tracking a + 0.0196 
frequency error in the associated transmit timing source. 


TRANSMIT LEVEL 


The R2424M output control circuitry contains a variable gain 
buffer which reduces the modem output level. The R2424M can 
be strapped via the host interface memory to accomplish this. 


Transmit Level 


Configuration Word Transmit Level 


PERMISSIVE/PROGRAMMABLE CONFIGURATIONS 


The R2424M transmit level is set to 0 dBm to allow a DAA to 
be used. The DAA would then determine the permissive or pro- 
grammable configuration. 


The R2424DC transmit level is strapped in the permissive mode 
so that the maximum output level is — 9.5 dBm +0.5 dBm. 


TRANSMIT TIMING 


The R2424 provides a Transmit Data Clock (TDCLK) output with 

the following characteristics: 

1. Frequency. Selected data rate of 2400, 1200 or 600 Hz 
(x: 0.0196). 

2. Duty Cycle. 50 +1%. 


Transmit Data (TXD) must be stable during the one microsecond 
periods immediately preceding and following the rising воде о! 
ТОСІК. 


· CLAMPING 
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The following clamp is provided with the R2424: 
1. Receive Data (RXD). RXD is clamped to a constant mark (1) 
whenever RLSD is off. 


R2424 


_ USART 
(OPTIONAL) 


READ 


„| we 
> T | РАТА виз (в) у, 
[= | ADDRESS BUS (>| 

MEN [AU 


HOST 
PROCESSOR 


_ 2400 bps Full-Duplex Modem 


LINE 
TELEPHONE 


INTERFACE и 


82424 Functional Interconnect Diagram 


RECEIVED LINE SIGNAL DETECTOR 


The high and low channel thresholds are greater than – 45 dBm 
(RLSD on) and less than — 48 dBm (RLSD off) for V.22 bis, V.22 
and Bell 212A configurations. 


DATA SET READY 


The on condition of the R2424 output Data Set Ready (DSR) 
indicates that the modem is in the data transfer state. The off 
condition of DSR is an indication that the DTE is to disregard 
all signals appearing on the interchange circuits—except the call- 
ing indicator and the test signal. DSR will switch to the off state 
when in test state. The on condition of DSR indicates the 
following: 


1. The modem is not in the talk state, i.e., an associated 
telephone handset is not in control of the line. 

2. The modem is not in the process of automatically establishing 
а call via pulse or ОТМЕ dialing. 

3. The modem is generating. an answer tone or detecting answer 
tone. 

4. After ring indicate goes on, DSR waits at least two seconds 
before turning on to allow the bell аврав to be engaged. 


DSR will go off 50 msec after DTR goes off or 50 msec plus a 
maximum of 4 sec when SSD is enabled. 


. DATA TERMINAL READY | 


Ап on condition of ОТА prepares the modem to be connected - 


to the communications channel, and maintains the connection 


10-73 


established by the DTE (manual answering) or internal 
(automatic answering) means. The off condition places the 
modem in the disconnect state. 


MODES OF OPERATION 


The R2424 is capable of being operated | in either a serial or a 
parallel mode of operation. 


SERIAL MODE. 


The serial mode uses standard V.24 (RS-232-C compatible) 
signals to transfer channel data. An optional USART device 
(shown in the diagram above) illustrates this capability. 


_ CONTROL SELECTION 


Selection of either the serial or parallel control is by means of 
bits ([0,1]:0: 7). То епабје the parallel control, the bits must Бе. 
set to a one. In either mode, the R2424 is configured by the host 


| РА ма the microprocessor bus. 


INTERFACE CRITERIA 


The modem interface comprises both hardware and software 
circuits. Hardware circuits are assigned to specific pins in a 
64-pin DIN connector. Software circuits are ыш to specific. 
bits in a 32-byte. interface memory. 
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R2424 Hardware Supervisory Circuits 


| пате [те] Pinno. | сенім ____ 
A. OVERHEAD 


DGND Digital Ground 


AGND 
+5 VDC 


Analog Ground 
+5 Volt Supply 


+12 VDC +12 Моћ Supply 
– 12 VDC – 12 Мой Supply 


| РОВ Power-On-Reset 


B. MICROPROCESSOR INTERFACE pu 


| Data Bus (8-Bits) - 


Register Select (4-Bits) 


Chip Select for Bank O 
Chip. Select for Bank 1 
Read Enable 
Write Enable 
Interrupt Request 


External Transmit Clock 
Transmit Data Clock 
Receive Data Clock 
Clear-to-Send 

Transmit Data 

Receive Data 

Received Line Signal Detector 
Data Terminal Ready 

Data Set Ready 
Ring Indicator In 


D. ANALOG SIGNALS (R2424M ONLY) 


RXA 32A Receive Analog 
TXA 31A Transmit Analog 


E. SIGNALS TO DAA (R2424M ONLY) 


RD 27A Ring Detect 

АССТ 28А Request Coupler Cut Through 
CCT 29C Coupler Cut Through 

OH 29A Off-Hook Relay. Control | 


| Transmit Baud Clock - 


27C 

26A Receive Baud Clock 

28C Talk TLK = Data 

16С Originate ORG = Answer 


Bidirectional 


Input 
О Output 
ОС. Open Collector 
P Power 
G Ground 
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HARDWARE SUPERVISORY CIRCUITS 


Signal names and descriptions of the hardware supervisory 
circuits, including the microprocessor interface, are given in the 
following table. The microprocessor interface was designed 
to be: compatible with an 8080, 6500, 6800, and 68000 
microprocessor. 


E = (72 НЕ 


_ READ 


Microprocessor Interface Timing Diagram 


Critical Timing Requirements 
Characteristic 
| CSi, RSi setup time prior 
to Read or Write 
Data Access time after Read 
Data hold time after Read 


CSi, RSi hold time after 
Read or Write 


Write data setup time 
Write data hold time 
Write strobe pulse width 


R2424 — 


| INTERFACE MEMORY 


The R2424 has two banks of 16 кейінен to which an external 
(host) microprocessor has access. Although these registers are 
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When information in these registers is being discussed, the 
format Y:Z:Q is used. The bank is specified by Y (0 ог 1), the 


‚ Within the modem, they may be addressed as part of the host 00 register by 2 (0-Р), and the bit by Q (0-7, 0. = LSB). A bit is 
’ processor's memory space. The host may read data out of or... considered to Бе ‘on’ when set to a one. | 
"write data into these registers. These registers, as shown in the = : 


_ following table, аге refered to as interface memory. 


Description — 
Do Not Use 
Do Not Use . 
Diagnostic Data Real LSB' 5 
Diagnostic Data Real MSB' S 


oj 


Do Not Use 

Do Мог Use | 

Receiver Status | 
Receiver Status - 

Configuration. 

Configuration: 

Configuration 

Configuration 

Handshake Status 

Diagnostic Control ое! 


dd i E 
|-mmoou»oouoosov-o|m* 


Diagnostic Data Imaginary LSB's 
Diagnostic Data А MSB's 


R2424 Interface Memory 


Description 
Dial Digit Register · 
Do Not Use. 
Diagnostic Data Real LSB’ 5 
Diagnostic Data Real MSB's . 
Diagnostic Data Imaginary LSB's 
Diagnostic Data TRAY MSB's: 
Do Not Use 
Do Not Use 
Transmitter Status 
Configuration | 
Configuration 
Configuration 
Configuration 
Configuration 
Handshake Status 
Diagnostic Control Register 


--. 


т. мА =“ => => -. — баба 
ппобороозопьоп-о 


The meriate memory bits are defined in the following table: 


Interface Memory Definitions 


: 4 _Метогу - 
Definition Location 
1 Auto Answer Enable : pe 1:0:4 


Analog Loopback | - (01:B:0- 


Bus Select | (01:D:7 | 


Character Length Select $^ (0,1): С:(3,4) 


Call Request. i m (0,1):D:6 


Description 


When on, AAE causes the modem to automatically answer when a ringing signal 


is aii on the line. 


When on, AL places the modem in analog loopback. (See Software Diagnostic 
Circuits. ) 


When on, BUS places the. modem in the parallel control mode. When off, the 


-| modem is configured for the serial control mode. BUS can be in either state to 


configure the modem. 


These bits select either 8, 9, 10, or 11 bit characters. (See Character Би 
table.) | 


When. on, CRQ places the transmitter in auto dial and the receiver in tone 
detect mode. The data placed in the dial digit buffer is then treated as digits to 
be dialed. After the last digit has been dialed, FF (Hex) should be loaded into 
the buffer to tell the modem to go to the data state. CRQ in the transmitter 


| (Вапк 1) when turned off causes the modem to go on-hook. Therefore, it should 
| beon for the duration of the: call and not turned off until it is desired to go on- 


hook. СНО in the receiver (Bank 0) must be turned off immediately after 
ringback is detected to put the modem in the data made, наша по 


| answerback tone will be detected. 


| Clear-to-Send 


$ Talk/Data . 


Dial Digit Empty Interrupt 


Dial Digit Register Empty 


When on, CTS Indicates 1 to the terminal equipment that the modem will напети 
any data which: are present at TXD. 


When on, DATA places the modem in data state and when off in the talk state. 


When on, DDE}. causes an interrupt to occur when the dial digit register (1:0) 18 


| empty (DDRE = 1). 


When on, DDRE indicates that the dial digit register is empty and can be loaded 


| with new digits to be dialed. After the е is loaded, DDRE goes off. 
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Definition - 


Digital Loopback (Manual) | 


Data Line Occupied 


Data Set Ready 


Data Set Ready In Analog 
Loopback 


| Touch Tones/ 


Pulse Dialing 


Data Terminal Ready 


- Enable New Status 
Interrupt 


Enable Response to 


Remote Digital Loopback | 


| Guard Tone Enable | 


Guard Tone Select 
Interrupt Request 


‚ Enable Loss of Carrier 
Disconnect 


Mode Select 


New Configuration 


New Status 


Originate/Answer 


Initiate Remote Digital 
Loopback 
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Interface Memory Definitions (Continued) 


Memory 


, Location | 


(0,1): А:5 


1:8:7 


(04)E:6 | 


(0,1):А:7 — 


1:B:4 


1:B:3 
(0,1): E:7 


0:D:2 


(0,1): A :(0-3) | 


(0,1): Е:3 | 


(0,1):E:5 — 


1:9:5. 


(0,1)::A:6 


| Description 


When on, DL manually places the modem in digital loopback (See Software 
Diagnostic Circuits. ) 


When on, DLO indicates that the modem is in auto dial, i.e., СВО is оп-апа 
the. modem is off-hook ready to dial. _ 


When on, DSR indicates that the modem hanshake has begun and that the 


data state will follow. DSR alone should not be used to indicate that the - 


communication channel has been completely established. DSR in И та 
with CTS апа RLSD will determine this. DSR will be off in all test states 
(except optionally for analog loopback) and when the channel is being used . 
for voice communication (ак). .— 


When on, 1, DSRA causes DSR to be on during analog loopback. 


When on, DTMF tells the modem to auto dial using tones. When off the _ 


‚ modem should dial using pulses. 


DTR must be on before the modem will enter the data state, either manually 
or automatically. DTR must also be on in order for the modem to SORRY 
answer: an i incoming call. La 


‘When on, ENSI causes an о. Т оссиг When the status bits in registers: 


(0:[8, 9). and (1:8) аге updated. Aeng 1) 


|- When on; ERDL enables the modem to respond to another modem's remote 


digital loopback request, thus going into loopback. | 


When оп, СТЕ causes the specified guard tone to be transmitted (CCITT 
Configurations only). 


When off, GTS selects the 1800 Hz tone and when on the 550 Hz tone. 
When on, IRQ indicates that an interrupt has been generated. 


When on, LCD causes the modem to terminate a call when a loss of received 


carrier energy is detected after approximately 350 msec. 


| These bits select the compatibility at which the modem is to operate. (See 


Mode Select table). 


When on, NEWC tells the modem that a new configuration has been written 
into the configuration registers. The modem will then read the configuration 


registers and then reset NEWC. NEWC must be set after a new configuration 


has been written into the following registers: (0:[A-D]) and (1:[9-D]). The 
remaining registers do not require the use of NEWC to tell the modem that 


new data was written into them. 


When on, NEWS tells the user that there has been a change of status in the 
status registers. 


When on, ORG tells the modem that it is originating a call and when low 
answering a call. This is only valid in manual originate/answer and analog 
loopback. | 


When оп, RDL causes the modem to initiate a request for the remote modem 
to go into digital loopback. 
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Interface Memory Definitions (Continued) 


и Метогу | | | Me | 
Definition . A Location ‘Description 


Remote Digital Loopback :8: When on, RDLI indicates that the modem паз received ап nec dosi and is 
Indicator · in remote digital loopback. 


Ring Indicator :8: When оп, RI indicates that a ringing Signal is being Росте: 


Received Line Signal 8: When оп, RLSD indicates that the carrier has successtully ‘been reóàived. 
Detector RLSD will not respond to the 550, 1800, 2100, or 2225 Hz tones. 


Enable Receive Space 0:D:1 When on, RSD causes the modem to go on-hook after receiving аррюхташу: 
Disconnect 1.6 seconds of continuous spaces. 


Speed Indication 0:9:(4,5) 00 300 bps 10 = 1200 bps 


01 = 600 bps 11 = 2400 bps. 


| Enable Send Space | 1:0:0 When оп, 550 causes the modem to trárnismit approximately 4 seconds of | 
| Disconnect | | spaces before disconnecting, when DTR is turned off. | 


| Self Test (0,1):А:4 When on, ST activates зе! test. ST must be turned off to end the test. (See. 
| Software Diagnostic Circuits.) 


| 3 dB Loss to Receive 1:B:2 When on, 3DB attenuates the received signal 3dB. This is only used if the 
Signal ‚ |. R2424M will see OdBm or greater line signal at the receiver input. Insertion of 
| the 3dB loss will then prevent saturation. This bit: is not needed with the 
R2424DC. 


Tone Detect 8: TONE follows the energy detected in the. 340 to 645 Hz frequency band. The 
| | user must determine which tone is present оп the line by беген the ашу 
cycle. ТОМЕ is active any nner САО. т Bank 0 is on. 


. Transmit Clock Select | 1:C:(5,6) TXCLK allows the user to designap. the origin of the. transmitter data clock. 
NEL. к | (See Transmit Clock table.) | 


SOFTWARE SUPERVISORY CIRCUITS 0/0 0 EX _Мове_ 


Тһе operation of the R2424 is. affected bya number of ага M Conhguriüon ^ LN (ME Configuration Word 
control inputs. These inputs are written into registers within the Bell 212A  .1200 Sync. 

modem vía a microprocessor bus under external control. Modem ` Bell 212A 1200 Async. 

operation is monitored by various software flags that are read Bell 212A 300 Async. 

from modem registers using the same microprocessor bus. V.22A 1200 Sync.. 


V.22B 1200 Async. 
„М.22А 600 Зупс. - 
V.22B 600 Async. ` 


The transmit and receive registers contain талу bits which per- 
form identical functions and are located in the same memory V.22 bis 2400 Sync. 
location only in different banks. Care must be taken to set these . V.22 bis 2400 Async. 
bits according to the desired function. V.22 bis 1200 Sync. 


V.22 bis: 1200 Async. 


CONFIGURATION REGISTER — e . . Character Length - 


* Configuration Aa c | Configuration Word | 


The host processor configures the R2424 by writing a control 
word into the configuration registers in its interface memory 
space as shown in the following tables: 
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Transmit Clock 


Configuration 
Internal 00 
Not Used 

External : 

Slave 


Diagnostic Data Real Low “^^ 
_ Diagnostic Data Real High. 
Diagnostic Data Imaginary Low - 
Diagnostic Data Imaginary High _ 


dis 


Configuration Word 5 


ELI TE | 
CE UE 


AUTO DIAL SEQUENCE 


The following flow chart defines the auto dial sequence via the 
microprocessor interface memory. 


SET DTMF 


| LOAD DIAL |. 
"| DIGIT INTO | 


LOAD FF | 
| .INTO — 
` D.D. REG. 


· Auto Dial Sequence Flow Diagram 


‚ Note: The modem timing for the auto dialer accounts for inter- 
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| 


digit delay for pulses and tones. 


DIAGNOSTIC CAPABILITIES 


The R2424 provides the user with access to much of the data 
stored in the modems memories. This data is a uséful tool in 


| performing certain diagnostic functions. 


RAM ACCESS CODES - 


The RAM access codes defined in the table below allow the host 
processor to read diagnostic data from the modem receiver. The 
access codes should be loaded into the diagnostic control 
register (0: F). The appropriate diagnostic data will then be 
available in the diagnostic data registers (0: [2- 5). 


НАМ Access Codes Bank 0 


Scrambled Data (Imag. Reg.) | Ңеа! 
Self Test Error Counter (Real Reg.) DUM Real 
Equalizer Tap Coefficients NL ` Complex 
Phase Error (Real Reg.) Real 


Rotated Equalizer Output - 
(Received Point Eye Pattern) 
Rotated Angle (Imag. Reg.) 


| Complex 


Real 


Low Pass Filter Output | Сотрјех 
Input Signal to Equalizer Tap Coefficients Complex 
Decision Points (Ideal) | . Complex 
Rotated Error Complex 
Equalizer Output Complex | 


Demodulator Output Complex 
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ТЕ5Т 
The specifications for R2424 tests are defined as follows: 


Self tests can be initiated by setting bits ([0,1]:A:4) to a 1. | 


is possible to perform the tests with or without the DTE con- | 


nected to the modem. During any self test TXD and RTS are 
ignored. Note that self tests do not test asynchronous-to- 
synchronous converter circuits in either the transmitter or 
receiver. 


Error detection is accomplished by monitoring a counter in the 
RAM. If the counter increments during the self test, an error was 
made. The counter contents are available in the diagnostic 
registers when the RAM access code 00 is loaded in the 
diagnostic control register (0: F). 


Self test end-to-end—Upon activation of self-test an internally 
generated data pattern of alternate binary ones and zeros 
(reversals) at the selected bit rate are applied to the scrambler. 
An error detector, capable of identifying errors in a stream of 
reversals are connected to the output of the descrambler. 


Self test with loop 3—Loop 3 is applied to the modem as 
defined in recommendation V.54. Self-test is activated and DCE 
operation is as in the end-to-end test. In this test DTR is ignored. 


Self test with loop 2—The modem is conditioned to instigate 
a loop 2 at the remote modem as specified in recommendation 
V.54. Self-test is activated and DCE operation is as in the end- 
to-end test. 


Loopbacks—Remote digital loopback, digital loopback, and 
local analog loopback can be initiated via the interface memory, 
as follows: 


1. Digital Loopback. The R2424 сап be manually conditioned 
to loop the received data back to the transmitter by setting 


NOISE 
SOURCE 
GR1381 

50 KHZ BW 


MODEM 
TRANS- 
MITTER 


LINE IMPAIRMENT 


SIMULATOR SOURCE 
BRADLEY 2A 


ENGINEERING 
MODEM 
CONSOLE 


Signal and noise are measured with 3 kHz flat weighting. 


the DL bits ([0,1]:A:5). DL should be set during the data 
mode. DSR and CTS will be off. The local modem can then 
be tested from the far-end by using the terminal equipment 
at the far-end to transmit a test pattern and examine the 
looped data. At the far-end modem, all interface circuits 
behave normally as in the data mode. At the conclusion of 
the test, DL must be turned off. The local modem will then 
return to the normal data mode with control reverting the 
DTE’s DTR. | 

2. Local Analog Loopback (V.54 Loop 3). Тһе R2424 is capable 
of entering into a local analog loopback (V.54 Loop 3). In this 
loop, the transmitter's analog output is coupled to the 
receiver's analog input at a point near the modem's telephone 
line interface. An attenuator is introduced into the loop such 
that the signal level coupled into the receive path is approx- 
imately — 16 dBm attenuation. 

3. Remote Digital Loopback (V.54 Loop 2) (Bell 212A and CCITT 
V.22 bis and V.22). The R2424 is capable of entering into a 
remote digital loopback. Remote digital loopback may be 
locally entered by the interface memory. Remote digital loop- 
back cannot be performed simultaneously with local analog 
loopback. 


POWER-ON INITIALIZATION 


When power is applied to the R2424, a period of 100 to 300 ms 
is required for initialization. The power-on-reset (POR) signal 
remains low during the initialization period. After the low to high 
transition of POR, the modem is ready to be configured. 


The modem automatically defaults to V.22 bis 2400 bps, answer 
state using serial start-stop data, 10 bits per character. 


POR can also be used to initialize the user's host processor. 
It may be connected to a user supplied power-on-reset signal 
in a wire-or configuration. 


LEVEL 
METER 
HP 3552A 


ATTENUATOR 
HP 350D 


ATTENUATOR 
HP 350D 


МОРЕМ 
RECEIVER 


| ENGINEERING 
MODEM 
CONSOLE 


BER Performance Test Set-up 
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РЕНҒОНМАМСЕ 


Whether functioning as а У.22 bis, V.22, or Ве! 212A type 
modem, and regardless of simulated line condition or introduced 
line impairment, the R2424 provides unexcelled high perform- 
ance to the user. | 


BIT ERROR RATES 


^ The Bit Error Rate (BER) performance of the R2424 is specified 
for a test configuration conforming to that specified in CCITT 
Recommendation V.56, except with regard to the placement of 
the filter used to bandlimit the white noise source. Bit error rates 
are measured at a received line signal level of — 43 dBm. 


INTERFACE CIRCUIT CHARACTERISTICS 
DIGITAL INTERFACE CIRCUITS 


Digital Input Characteristics 


Input Logic State Allowed Input Voltage Levels 


a Low 0.0V to +0.8V at —2.5 pA 
| High 


+ 2.0М to +5.0V at + 2.5 A 
Notes: ; 


1. The digital inputs are directly TTL/CMOS compatible. The 
. сарасйуе loading on each input is 25 pF (maximum). 
2. Positive current is defined as current into the node. 


Digital Output Characteristics 


Allowed Output Voltage Levels 


+ 0.4V at + 1.6 mA 
+2.4М at – 100 дА 


Output Logic State 


Low 
High 


Notes: 
1. The digital outputs are directly TTL/CMOS compatible. 

The capactive loading on each output is 50 pF (maximum). 
2. Positive current is defined as current into the node. 


С ANALOG INTERFACE CIRCUITS 


TRANSMISSION LINE INTERFACE 


The R2424DC interface to the telephone line is the Tip and Ring 
leads. Lightning induced surge voltages and other hazardous 
voltages which may appear on the telephone line are limited to 
approximately 7V peak between the secondary leads of the line 
coupling transformer. 


|. The DAA (R2424DC only) is bi-directional as required by 2-wire 


222 full-duplex circuits. 
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Connection to the telephone line interface pins of the R2424DC 
to the network are made via the RJ11, as shown in the table 
below: | ж LS | | 


R2424DC Network Interface 


1 


VSOC | | 
Ring-one side of 
telephone line _ 
Tip-one side of 
telephone line | 


RJ11 


Jack 


RING INDICATOR 


The R2424 provides a ring indicator (RI) output; its low state 
indicates the presence of a ring signal on the line. The low 
condition appears approximately coincident with the on segment 
of the ring cycle (during rings) on the communication channel. 
(The ring signal cycle is typically two seconds on, four seconds 
off.) The high condition of the indicator output is maintained 
during the off segment of the ring cycle (between rings) and at 
all other times when ringing is being received. The operation 
of RI is not disabled by an off condition on Data Terminal Ready. 


RI will respond to ring signals in the frequency range of 15.3 Hz 
to 68 Hz with voltage amplitude levels of 40 to 150 Vrms (applied 
across Tip and Ring), with the response times given in the follow- 
ing table: 


RI Response Time 


125 ms to 400 ms 
75 ms to 250 ms 


RI Transition 


Off-to-On 
On-to-Off 


This off-to-on (on-to-off) response time is defined as the time 
interval between the sudden connection (removal) of the ring 
signal across Tip and Ring and the subsequent on (off) transi- 
tion НІ. | 


ОН (ОЕЕ-НООК) 


Тһе R2424M provides ап output OH (Off-Hook) which indicates 
the state of the OH relay. A low condition on OH implies the OH 
relay is closed and the modem is connected to the telephone 
line. A high condition on OH implies the OH relay is open (i.e., 
the modem is on-hook). The delay between the low-to-high or 
high-to-low transition of OH and the subsequent close-to-open 
or open-to-close transition of the OH relay is 8 ms maximum. 
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RD 

RD indicates to the R2424M by an оп (low) condition that а 
ringing signal is present. The RD signal should not respond to 
momentary bursts of ringing less than 125 ms in duration, or 
to less than 40V rms, 15 to 68 Hz appearing across Tip and Ring 
with respect to ground. 


RCCT 


АССТ is used to request that a data transmission path through 
the DAA be connected to the telephone line. When RCCT goes 
off (low), the cut-through buffers are disabled and CCT should 
go off (high) within 1 msec. RCCT should be off during dialing 
but on for tone address signaling. 


CCT 


An on (low) signal to the CCT lead indicates to the R2424M that 
the data transmission path through the DAA is connected. 


AUDIO INTERFACE INPUT IMPEDANCE 


The specifications for the audio interface input impedance are 
given in the following table: 


Audio Interface Input Impedance 
On-Hook (DC) The DC resistance between Tip and 
Ring, and between either Tip or Ring 
On-Hook (AC) The on-hook AC impedance measured 
between Tip and Ring is less than 
| 40K ohms (15.3 Hz minimum). 
Basic telephone company requirement is that the signal level 
received at the relevant local central office not exceed – 12 dBm. 
Several different "connection arrangements" have been 


and signal ground is greater than 
Off-Hook (DC) Less than 200 ohms. 
established (as documented in Part 68) to accomplish this goal. 


10 megohms for DC voltages up to 
100 volts. 
Off-Hook (АС) 600 ohms nominal when measured 
between Tip and Ring. 
TRANSMITTER OUTPUT 


When the permissive connection arrangement is used, the 
transmit output signal level appearing across Tip and Ring (with 
a 600 ohm resistive load across Tip and Ring) will not exceed 
~ 9 dBm. The output level is set at a fixed - 10 dBm (nominal). 
The permissive wall jacks used for data connections are the 
same jacks used for standard voice installations. The permissive 
connection arrangement allows greater mobility for user 
equipment. 
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When the programmable connection arrangement is used, the 
maximum output transmit signal level allowed to appear across 
the Tip and Ring (again, terminated with 600 ohms) is set by 
a resistor installed by the telephone company in their wall jack 
at the customer location. The resistor (which is one of thirteen 
possible values) interacts with the modem through modem leads 
PR and PC to program the maximum output level, in one dB 
steps between — 12 dBm and 0 «Вт. (The resistor is selected 
by the telephone company jack installer after he has measured 
the line loss from the customer location to the local telephone 
company central office). 


INSTALLATION 


IMPORTANT NOTICE TO USER 


The modem contains protective circuitry registered with the 
Federal Communications Commission (ЕСС) Part 68 to allow 
direct connection to the switched telephone network. To com- 
ply with the FCC regulations the following is required: 


1. All direct connections to the telephone lines shall be made 
through standard plugs and telephone company provided 
jacks. 

2. It is prohibited to connect the modem to pay telephones or 
party lines. 

3. You are required to notify the local telephone company prior 
to the connection and upon final disconnection of the modem. 
You must supply to the telephone company the make, model 
number, FCC registration number, ringer equivalence and 
particular line to which the connection is to be made. If the 
proper jacks are not available, you must order the type of 
jacks to be used from the telephone company. 

4. You should disconnect the modem from the telephone line 
if it appears to be malfunctioning. Reconnect it only when 
it can be determined that the telephone line is the source of 
trouble. If the modem needs repair, return it to Rockwell Inter- 
national. This applies to equipment both in and out of war- 
ranty. Do not attempt to repair the unit as this will violate FCC 
rules. 

5. The modem contains protective circuitry to prevent harmful 
voltages from being transmitted to the telephone network. 
If however such harmful voltages do occur, then the telephone 
company shall: 

* Promptly notify you of the discontinuance. | 

е Afford you the opportunity to correct the situation which 
caused the discontinuance. 

The FCC requires that the following label be prominently 

displayed on an outside surface of the OEM's end product. 

е Unit contains Registered Protective Circuitry which 
complies with Part 68 of FCC Rules. 

• ЕСС Registration Number: Applied For 

* Ringer Equivalence: 0.5 | 

Size of the label should be such that all the required infor- | 

mation is legible without magnification. 
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GENERAL SPECIFICATIONS 


Power Requirements 


г. Moltage* | Tolerance | . Current (Max) 


“А! voltages must have ripple <0.1 volts peak-to-peak. 


Environmental ЖЕТІ A и 
Temperature: ши Е 
Operating 09С to +60°C (32 to 140°F) 
Storage * — 40°C to +80°C (-40 to 176°F) 
Relative Humidity: Up to 90% noncondensing, ог а wet 
bulb temperature ир о 35°C, 
whichever is less. 
Altitude: — 200 to + 10,000 feet . 


С *PCB's are stored in heat sealed antistatic Pegs and shipping 
containers. 


Mechanical - 

Board Structure: Single PC board with right angle 
male DIN connector. Д 

Mating болады Female 3 row 64 ріп Eurecoinsetor 
(DIN) with rows A and C populated. 
Recommended mating connector: 
Winchester 965-6043-0531-1 or . 
equivalent. 


PCB Dimensions: | 
_ ОС Мегѕіоп Width 3.94 іп. (100 mm) x Length 
4.725 in. (120 mm) x Height 0.75 

in. (19 mm) | 
М Уегвіоп Width 3.94 т. (100 mm) x Length 
| 3.35 in. (85 mm) х Height i 40 in. 


(10 mm) 
Weight: Less than 0.45 Ibs. (0.20 kg.) 
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2400 bps Full-Duplex Modem 


156 + .003 
DIAMETER. 
4 PLACES 


1188 4:008 7 c Лл 

p^ `` DIAMETER | | 
p 6 PLACES А. o 
_ МАЈЕ 64-РІМ: 
# DINCONNECTOR ^ 


____ МАЈЕ 64-PIN ^^ 
DIN CONNECTOR 


Printed Circuit Board Dimensions 
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Rockwell 


R24DC 


Integral Modems 


.R24DC 


2400 BPS DIRECT CONNECT MODEM 


INTRODUCTION 


The Rockwell R24DC | is a high performance synchronous serial 


2400 bps DPSK modem. Extensively utilizing MOS/LSI technol- 


ogy with registered protective circuitry, the R24DC is ideally 


suitable for direct connection to the domestic switched network 
or two-wire private lines. Performance and versatility are enhanced 
while cost and size are reduced by the on-board Rockwell . 


PPS-4/1 One Chip Microcomputer 


Having Bell 201C and CCITT V.26 bis И the R24DC 


offers the user a high performance 2400 bps modem that is FCC 
registered for direct connection to the dial-up network. No 
re-registration of OEM equipment is required when the simple 
installation instructions, supplied with the R24DC, are followed. 
OEM's can easily incorporate this single (5" x 8”) card into their 
computer terminals, communication networks, PABX equipment, 
data concentrators, stand-alone box modems or almost any 
application where reliable data communication is required. 


ееееге е 99 9 9 9 о о е 


FEATURES 


• High Performance; Low Cost 

е 151 High Density; Low Power 

е Microcomputer Controlled Line Connect/Disconnect Sequence; 
Low Component Count 

Bell 201 C, CCITT V.26 bis Compatible. 

Half Duplex (2-Wire) Operating Mode 

2400 BPS Data Rate 

Auto or Manual Answer `. | 

Áuto ог Manual Dial Through (Pulse Dialing) 

Automatic Answer Back Tone Generation upon Auto Answer 
Direct Connect to Switched Network 

Programmable or Permissive Connection mangement 
Local Analog Loopback Test Mode 

Compromise Equalizer (Strap: Selectable) 
Scrambler/Descrambler Facility (Selectable) 

Line Current Sensing (Selectable) 

DTE Interface LSTTL/CMOS Compatible Levels. RS-232.C 
Functions 

External Transmit Data Clock Tracking 

Power Requirements, + 12V, + БУ 

Typical Power Consumption 3 Watts 

Diagnostic Outputs Available for Eye Pattern and Data Quality 
Monitor 

• 15 Second Abort Timer (Selectable) 


R24DC Modem 


Document No. 29200N02 


Data Sheet Order No. М002 
Неу. 1, August 1983 


82400 
FUNCTIONAL SPECIFICATIONS - 


RING је: 
i DETECTOR 


FILTER 


> 


X-MIT 
OUTPUT 
FILTER 


DETECTION 

CIRCUITRY OUTPUT 
LEVEL 

CONTROL 


NETWORK 


PPS 4/1 
MICRO- 
PROCESSOR 
DEVICE 
(A7552) 


| 2040mzzoo тоьтхот-г2- тгохотгт- 


COMPROMISE 
Bu EQUALIZER = 
REC ЕСІМ 
CARRIER 
DETECT 
CKTRY 
шақы 
BIVIGER 


TRANSMITTER 


DEVICE 
MOS/LSI 


(11042) 


FORM 


ANALOG. 


VOLTAGE 
| ner | 


X- EG 


RECEIVER 


Per DEVICE 


MOS/LSI 


DIVIDER (11043) 


| 


DECISION 
DEVICE 
MOS/LSI 


DIAGNOSTICS 
A 


svc 
RCVDS 
DCP 
PE 


(11044) 


DTE INTERFACE CONNECTOR 


R24DC Functional Block Diagram 


Transmitter Carrier Frequency — 1800 Hz +0.01% 


Echo Suppression and Answering Tone Frequencies — 
2100 Hz +0.01% ог 2025 Hz 40.0190. 


Received Signal Frequency Tolerance — The receiver can 
adapt to received frequency errors up to + 10 Hz with less than 
a 0.5 dB degradation in bit € error rate. 


Data Signaling and Modulation Rate — The normal signaling 
rate is 1200 baud + 0.0196, and a data rate of 2400 bps + 0.01%. 
The fallback signaling rate is 1200 baud 40.0196, and а (саа 
rate of 1200 Брз +0.01%. 


Transmitted Data Spectrum — Тһе transmitted spectrum's 
bandwidth extends from 800 Hz to 2800 Hz. Phase distortion 
characteristics are within the limits specified in CCITT Recom- 
mendation V.26 bis. The out of band signal power limitations 
meet those specified by Part 68 or Tariff 261 of the FCC's regula- 
tions, and typically exceed the requirements of метанола! 
regulatory bodies as well. ; 


Data Encoding (DPSK) — At 2400 bps, differential 4-рһаве 
modulation is employed. The data stream to.be transmitted is 


Е 2400BPS  — A 


PHASE CHANGE 
үе 201 
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divided into pairs of consecutive bits (dibits). Each dibit is 
encoded as a phase change relative to the рћазе of the immedi- 
ately preceding signal element. Two alternative arrangements 
of coding are possible (in accordance with CCITT Recommen- 
dations V.26 and V.26 bis) as shown in the following chart. 


o? 


“1809 


| T 52709 
ALTERNATIVE А НУ TEIG 


Reference Line Signal Diagram (V.26 A&B) 


At 1200 bps, differential 2-phase modulation is employed. Each 


bit to be transmitted is encoded as a phase change relative to 


the phase of the immediately preceding signal element. The 
encoding is in accordance with CCITT Recommendation V.26 


bis as shown in the following chart. 


1200 BPS 
PHASE CHANGE 


Turn On Sequences - — A total of six selectable turn on 
sequences can be generated by the transmitter of the R24DC, 
as shown in the following chart. 


2400 bps Direct Connect Modem 


R24DC | 1 


| TYPE OF 
LINE 


SIGNAL SEGMENT 1 


CONTINUOUS 
UNSCRAMBLED 
ONES 


TURN-ON 
SEQUENCE 
· NUMBER 


SEGMENT2 


CONTINUOUS | 
SCRAMBLED! 
ONES 


2400 bps Direct Connect Modem 


TOTAL OF 
SEGMENTS 
| 1,2 
“NOMINAL 
_ TOTAL 
TURN ON 
SEQUENCE 
TIME2 COMMENTS _ 
V.26, V.26 bis 
(scrambler inserted) 
Bell 201C Е 
 (scrambler inserted) 
V.26 bis | | 
(scrambler inserted) 


As is evident from the above for those turn-on sequençes for which the scrambler is inserted, the transmitted line signal corresponds toa ` 


continuous.’ 
for the remainder of the turn-on sequence. 


Turn ОН Sequence — When the R24DC transmitter has been 
sending data and Request-to-Send is turned off, any remaining 
data bit information is transmitted within 6 milliseconds. 


Response Times of Clear-to-Send — Тһе Clear-to-Send . 


‘response times are determined by the selected configuration 
of the R24DC and its associated turn-on sequence, as Shown 
in the following chart. 


CLEAR-TO-SEND _ 
RESPONSE TIMES! 


OFF-TO-ON ON-TO-OFF 


TURN-ON 
‚ SEQUENCE 


NUMBER COMMENTS 


90 ms, 
90 ms 
148.3 ms 
148.3 ms 
220 ms 
220 ms 


V.26 bis | 

\/.26 bis w/scrambler 
Bell 201C 

Bell 201C w/scrambler 
\.26 bis | 

М.26 bis w/scrambler 


The tolerance on each Off-to-On and On-to-Off response time is 
(43.4, -0.1) ms. | 


Scrambler/Descrambler — The R24DC incorporates a self- 
synchronizing scrambler/descrambler. This feature is enabled 
by a discrete digital input. ` 


Carrier Detection — The receiver circuit of the H24DC contains 
a received line signal detector which indicates the presence of 
energy at the receiver input above a certain threshold for a mini- 
mum amount of time. 


> Carrier Detect Thresholds 


Received Level 


Greater КЕН -43 dBm 
Less than -48 dBm 


Carrier Detect 


On (Line signal present) 
Off (Line signal not реи 


Carrier Detect Response Time 


... Carrier Detect Transition us 


. Off-to-On 
On-to-Off ` 


'Response Time 


14 +1 тв. 
СВ +3 те 
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"опе”, unscrambled, for 8.33 ms-ten baud (symbol) intervals — followed by the transmission of a continuous “опе”, scrambled, 


Clamping — The following clamps are provided: 


1. Received Data. The Received Data output is clamped to 
a mark when Carrier Detect is off. This action prevents 
disturbances on the line from getting through the receiver 
circuit to the data output. | 


2. Carrier Detect Clamp. Тһе Carrier Detect output is clamped | 

_ off (squelched) during the time when Request-to-Send is on. 

Ап option extends this clamp for 148 ms beyond папа Оро 
off; thus providing echo protection. - 


3. Receive Clock Clamp. The Receive Clock output is clamped 
off when Carrier Detect is off. This action prevents any disturb- 
ances from propagating through the receiver circuit to the 
receive clock output. 


Equalizer — The R24DC contains a fixed compromise delay 
equalizer, which can be used to improve performance over the 
domestic switched network. The equalizer may optionally be 
positioned in the receiver, or removed entirely, by means of a 
jumper plug. The equalizer has а nominally flat 0.0 dB ampuse 
response. 


Test Pattern Generation — The нашар саларын func- 
tion can be used to implement a 127-bit test pattern feature. For 
example, a constant mark input could be scrambled and trans- 
mitted as a pseudo-random signal to be descrambled at the 
receiver back to the constant mark. A transmission error would 
be represented as a space for the duration of an incorrect bit. 


Receive Level — — The R24DC receives line signals from 0 to 
-43 dBm. | 


Transmit аа — Тһе R24DC Benoit a Transmit Clock 
having the following characteristics: Frequency — 2400 Hz - 
+ 0.01% (1200 Hz +0.01% in fallback mode), duty cycle — 50 
+ 1%: The R24DC is also optionally capable of tracking an 
External Transmit Clock зпрриес ру Ме изег. Both have similar 
characteristics. | | 


Несеме Timing — . The modem provides a data derived Receive 
Clock output in the form of a nominal squarewave (50 + 1% duty 
cycle). The modem timing recovery function is capable of track- 


‘ing a +0.01% frequency error in the associated transmit timing 


source. 


R24DC 


2400 bps Direct Connect Modem 


Transmit Level — The R24DC transmitted output line signal 
level may be regulated in either the permissive or programmable 
modes. In the permissive mode, the transmitted line signal level 
is -9 dBm maximum. In the programmable mode, the transmitted 
line signal level is set by an external resistor installed by the 
telephone company in the wall jack. Using this method, the trans- 
mitted line signal level can be controlled in increments of 1 dBm 
from 0.0 to –12 dBm, depending on the value of resistance 
installed. | 


Answering Tone Generation — When in the automatic answer- 
ing mode, the R24DC generates a selectable answeririg tone 
of 2100 Hz +0.01% ог 2025 Hz + 0.01%. It is also capable of 
optionally providing this tone when in the manual answer mode. 


Answering Tone Frequency 


INPUT 


SELECT 1 ANSWERING TONE 


(P1-34) FREQUENCY 


2100 Hz 
2025 Hz 


Satellite Option and DSR Selection 


DSR (P 1-30) 
Satellite During Analog AL-DSR Enable 
Option Loopback (P1-12) 


OFF (High) High 

ON (Low) Low 

ON Low) Wired to Analog Loopback 
OFF (High) Wired to Analog Loopback 1. 


1. Inverse of Signal applied to Analog Loopback Input. 


Baud Clocks — Symbol or baud timing is available for both the 
transmitter and receiver functions. These signals have character- 
istics similar to the data clocks except that their frequency is 
equal to the signalling rate of 1200 Hz +0.01%. 


Analog Loopback — The R24DC can be locally commanded 
into local analog loopback (CCITT Loop 3) via digital input Analog 
Loopback, when in the wait mode. 


Data Structure 


DATA 
‘SIGNALLING 
RATE 


SELECTOR \.26 А/В 


(Р1-16) = (P1-14) 


DATA STRUCTURE 


Low 2400 bps Alternate A 


High 2400 bps V.26 Alternate B 
(Bell 201C) 


Low or High 1200 bps 


Abort Timer — The R24DC contains a 15 + 1 second abort timer, 
which may be enabled via the Abort Enable input. 


Line Current Interrupt Disconnect — The R24DC contains а 
475 + 125 ms line current interrupt abort timer, which may be 
enabled via the LCIS Enable input. 


The digital interchange circuits provide control, status indicators, 
data clocks and data interface. Traditional RS232-type control 
functions and additional signals allow the user to access the 
inherent flexibility and monitoring capabilities of the R24DC. 


Carrier Detect Squelch 


INPUTS 


ANALOG REQUEST- 
LOOPBACK SELECT 2 TOSEND 
(P1-33) (P1-35) (P1-11) | SQUELCH STATUS? 
Low or High | Low or High | No Squelch 
Low or High | Low Squelch 
| High Low-*>High | Extended Squelch? 
Low Low-*^High | No Extended Squelch 


"Squelch'' means that Carrier Detect is clamped off (high) regard- 
less of the level of received line signal. When "extended squelch” | 
is enabled, squelch occurs both during the time when Request- 
to-Send is on (low) and for 148.3 ms (43.4, -0.1 ms) following 
the On-to-Off transition of Request-to-Send. | 


Selection Of Clear-To-Send Response Times 


INPUTS | 


SCRAMBLER 
TURN-ON SELECT 1 ENABLE 
SEQUENCE (P1-34) (P1-15) 


CLEAR-TO-SEND 
RESPONSE TIME! 


SELECT 2 
(P1-35) 


Low 
Low 
Low or High 
Low or High 
High 
High 


The tolerance on each Off-to-On and On-to-Off response is (-3.4, -0.1 ms). 
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R24DC 


2400 bps Direct Connect Modem 


OPERATING MODES 


Line connect and disconnect sequences are controlled automati- 
cally by the R24DC which is at all times in one of the following 
modes: 


Wait Mode — This is a hot-standby mode. The R24DC enters 
this mode upon a power-up, Reset, or whenever an operational 
mode is exited. The following diagrams illustrate the sequence 
of events for the Wait mode. 


(| POWERUP. Y 


INITIALIZE: 
OH = HIGH 
DATA SET READY = HIGH 
SQUELCH = ACTIVATED 
RESET ABORT TIMER 


DISABLE REQUEST TO SEND 


ANALOG: YES . ANALOG d 
LOOPBACK LOOPBACK 
- LOW? 


NO 


IS 

TERMINAL 
READY 

LOW? 


| YES 


мо. 


YES 


MANUAL 
ANS 
MANUAL МЕЗ 
ORIGINATE 


Wait Mode Flow Diagram 


Analog Loopback Mode — This mode provides the capability 
of diagnosing a problem in the communications link. In this 
mode, the transmitter’s analog output is connected to the 
receiver's analog input through an attenuator. 


Manual Originate Mode — This mode provides the capability 
of manual call origination. Calls may be originated in the usual 
manner by a telephone set. Signal sequence for this mode is 
shown in the following alegram, 


TERMINAL 
READY 


MODEM / 


MODEM HANDSET 


( 


SH 


он 


ON-HOOK ON-HOOK 


OF F-HOOK 
ANSWERING | i 

TONE 
GENERATION 


DATA SET 


READY OFF Я ом 


Мапиа! Originate Mode Sequence 


Automatic Call Mode — This mode provides the capability 
of automatically originating calls by using the pulse dialing 
technique. 


The R24DC allows the user to auto dial by controlling inputs 
ОТА, С.О.Р. and DP. To originate a call, DTR and C.O.P. must 
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be on. Then DP (normally off) is pulsed at a rate of 9.5 + 1.5 


pulses per second. 


The pulse requirement is a unifotm train with break Шы а! 
58% to 64%. | 


The interdigit time (i.e., the time between the end of the last pulse 
of a given digit and the beginning of the first pulse of a subse- 
quent digit) should be between 700 ms and 3 seconds. 


C.O.P. is turned off after the called modem answers. Signal 


Sequence for this mode is shown in the following diagram. 


С.О.Р. 


ОАТА 
TERMINAL 
READY 


ОЕЕ OFF 


„7 


он \ | | 
ON-HOOK 


N.HOOK 
OFF.HOOK SES 


SH 


ANSWERING 
TONE 


GENERATION 
DATA SET 
READY 


Automatic Са! Mode Sequence 


Manual Answer Mode — This mode provides the capability of - 
manually answering calls with a telephone set. Signal sequence 
for this mode is shown in the following diagram. 


READY ON ON 


TERMINAL 
READY ON 


ON 
MODEM | 
SH | | 

он . 

ON-HOOK OFF-HOOK ON-HOOK 

ANSWERING \ 
TONE ый | т 3.4 SEC pem 3.4 SEC 
ПЕ ENABLED 
BY ABT | 
ENABLE) 


Manual Answer Mode Sequence 


Automatic Answer Mode — This mode provides the capability 
of automatically answering calls. Signal sequence for this mode 
is shown in the following diagram. 


DATA 
TERMINAL 


READY 
ОЕР ом 


ЗЫ ass қазынасын SEE / 
--- 


ЈЕ АВТ ENABLE 
I8 LOW 
TONE 


GENERATION \ 


2x ~ 

р ' 

OH | ү i 
-. | OFF HOOK ! ON HOOK 


ANSWERING 


MODEM \| морем 


SH 
HANDSET 


tg" = 275 ms if satellite option is selected 
= 65 ms if satellite option is not selected 


Automatic Answer Mode Sequence 


R24DC. 


2400 bps Direct Connect Modem 


INTERFACE CRITERIA 


The R24DC interface signals are classified as digital interchange 
signals and analog signals. These signals interface to the user 
through the board edge connector. 


Digital Interchange Circuits — The characteristics of the 
R24DC digital inputs and outputs are given in the following 
charts. 


Digital Input Characteristics 


Allowed Input Voltage Levels 


0.0V to 0.8V sinking «10 НА 
*4.0V (VSS - 1V) to +5.0V (VSS) 
sourcing «10 uA 


Input Logic State 


The digital inputs are directly CMOS compatible. The 
capacitive loading on each input is 25 pF (maximum). 


Digital Output Characteristics 


Ouput Logic State Allowed Output Voltage Levels 


0.0V to 0.4V sinking 0.36 mA 
4.0V (VSS - 1V) to 5.0V (VSS) 
sourcing 100 ДА 


The digital outputs are directly CMOS or low-power Schottky 
TTL compatible. 


DIGITAL OUTPUT CHARACTERISTICS 
(EXCEPTIONS) 


The exceptions to the above are outputs OH, RI, SH and A. Out- 
puts OH, RI and SH have the following characteristics: 


Output Logic State Allowed Output Voltage Levels 


0.0V то 0.4V sinking 0.36 mA 
2.4V to 5.0V (VSS) sourcing 100 uA 


Output A, useful in the generation of eye pattern and diagnostic 
information, switches from + 5.0V to -12.0У. 


Audio Interface Input Impedance 


On-Hook DC 


DC resistance between Tip and Ring, and 
between either Tip or Ring and signal 
ground is greater than 10 megohms for 
DC voltages up to 100 volts. 


On-Hook AC On-hook AC impedance measured 
between Tip and Ring is less than 40 K 


ohms (15.3 Hz minimum) 


Less than 200 ohms 


Off-Hook DC 
Off-Hook AC 


600 ohms nominal when measured 
between Tip and Ring 


Longitudinal 
Balance 


Meets requirements of FCC Rules, 
Part 68 


FCC Registration Number: AMQ9SQ-68813-DM-R 


Ringer Equivalence: 0.98 


Analog Interface Circuits — The analog interface circuits 
defined in the following charts provide power and switched net- 
work connections and a means for the user to monitor the incom- 
ing line signals. 


Analog Interface Circuits 


PIN 
TERM NUMBER DESCRIPTION 


+12V +12V Power Supply 
-12V 


+5V 
COMMON 


-12V Power Supply 


+5V Power Supply 


Ground (signal and power return) 


Receiver 
Analog 


Low impedance output of R24DC 
receive filter. Gain from Tip and 
Ring to Receiver Analog is nom- 

.inally 12.7 dB 


TELEPHONE INTERFACE 
LEADS 


Telephone Line Leads 


Leads to external wall jack resistor 
for programmable mode 


Leads routed to contact on exclu- 
sion key of associated telephone 
set 


** DIAL PULSE 
GENERATION AND 
TONE DETECTION 
CIRCUITRY 


RECEIVED ANALOG 
DIAL PULSE 


TELEPHONE 
INTERFACE LEADS 


SEL 1 
SEL 2 
V26A/B 


ABT CONFIGURATION 


POWER ENABLE CONTROLS MAY 
SUPPLY SCRAMBLER BE STRAPPED HIGH 
ENABLE OR LOW AS DESIRED 
ABORT 
ENABLE 
DIAGNOSTIC LOOPBACK LCSI 
TEST CONT BUSY-OUT ENABLE 


PANEL | AL-DSR ENABLE 


NOTES 


* REQUIRED IF AUTO ANSWER 15 IMPLEMENTED. 
** AUTOMATIC CALLING CAPABILITY CAN BE EASILY IMPLEMENTED WITHIN THE DTE. 


Typical R24DC to OEM Interconnections 
for Half-Duplex Applications 


2400 bps Direct Connect Modem 


STANDARD 
MINIATURE 


TO NETWORK 


NOTES 


1. MI AND MIC ARE REQUIRED ONLY IF HANDSET IS EMPLOYED. 
. PR AND PC ARE REQUIRED FOR PROGRAMMABLE MODE ONLY. 


BRIDGING 
TRANSFORMER 
(HI-2) 


TELEPHONE HANDSET 
TYPE RTC 


OPTIONED FOR DATA SET 
CONTROL OF THE LINE. 


2 

3. STANDARD TELEPHONE CO. PROVIDED JACK RJ16X, RJ45S OR RJ41S. : 

4. RJ36X ОН CONNECTING BLOCK IS REQUIRED ONLY IF TELEPHONE HANDSET IS EMPLOYED.. WHEN THE R24DC IS IN THE 
PERMISSIVE MODE, THE RJA2X ADAPTER AND RJ11C JACK MAY BE EMPLOYED WITH THE ASSOCIATED TELEPHONE SET. | 


Typical R24DC to Network Interconnection 


Telephone Line and OEM Connections — Connection of the 
.R24DC telephone interface pins to the network is made via 
standard jacks and plugs. A typical installation, including an 
optional telephone set, is illustrated. 


Telephone Set — If it is desirable to have manual call origina- 
tion or alternate voice capability, an exclusion key telephone set 
(configured as Modem Controls the Line) may be ordered from 
your local telephone company. | 


Mounting and Signal Routing — The R24DC may be physically 
incorporated into your OEM end product by using either the four 
corner (0.156 inch) diameter mounting holes or by using board 
guides. The electrical interface is via edge connector(s). 


Interface Mating Connectors 


| Type/ P2 (Telephone Line) 
Manufacturer P1 (DTE) Connector Connector 


40 pin 
0.100 in. spacing 
20 pins per side 


10 pin 
0.100 in. spacing 
.20 pins per side 


53-10-0 
609-1015М 
807-1005-001 


53-40-0 
609-4015M 
807-4005-001 


Winchester: 
T&B Ansley: 
Spectra-Strip: 


PERFORMANCE DATA 


The R24DC is a high performance synchronous 2400 bps DPSK 
modem, utilizing a coherent demodulation technique to achieve 
reliable operation over the switched network or unconditioned 
lines. | 


Timing Jitter — The maximum steady state timing jitter of 
Received Clock with respect to Transmit Clock is less than 10% 
p-p for an input signal-to-noise ratio of 12 dB. 


Bit Error Rate — The following graph represents typical R24DC 
performance. 


BIT ERROR RATE 


10 11 12 13 
SIGNAL ТО NOISE RATIO (DB) 
. 1200 BPS, BACK-TO-BACK, SCRAMBLER, NO EQUALIZER 


. 2400 BPS, V .26A OR B, BACK-TO-BACK, SCRAMBLER, 
NO EQUALIZER 


. 2400 BPS, V .26A OR B, 159-150 HZ PHASE JITTER, МО. 
SCRAMBLER, NO EQUALIZER 

. 2400 ВР, „ .26А OR B, 309-120 HZ PHASE JITTER, МО 
SCRAMBLER, NO EQUALIZER 


. 2400 BPS, V .26A OR B, 3002 UNCONDITIONED LINE, 
NO SCRAMBLER, EQUALIZER 


Typical Bit Rate Performance 


R24DC 


Phase Error — Phase error can be measured by using the 
_ modem's output signals PE, SYC, and A. With an external test 
circuit, a numerical value can be derived to indicate the quality 
of received data. This numerical value can be directly correlated 
to bit error rate performance. The required test circuit can be 
implemented with discrete стошшу € or in software within a 
microcomputer. 


Eye Pattern — By using the modems digital output signals 

RCVDS, SYC, and A along with an added test circuit, the user 

can generate an oscilloscope quadrature eye pattern. This рае. 
tern displays the received signal as a group of dots in the base- 

band signal plane; hence, it is a graphic representation of 

modem репопелев 


DISPERSION 
DUE TO GAIN 
ERRORS 


DISPERSION DUE 
"TO PHASE ERRORS 


DISPERSION AROUND 
PROPER POSITION DUE 
TO COMBINATION OF 
RANDOM NOISE,-PHASE 
ERROR, AND/OB GAIN 
ERROR. 


Typical Eye Pattern: 4 Phase-2400 BPS-1200 Baud (V26A) 


CIRCLE REPRESENTS 
PROPER POSITION OF 
HIGH QUALITY SIGNAL 
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2400 даа Бігесі Соппес! Модет 


Phase є error and eye pattern can be extremely useful for modern 
acceptance testing, product evaluation, and observation of line 


| signal quality under actual operation. 


POWER REQUIREMENTS пат 5 | 


| Махітит 
Voltage Ripple Current | 


+5 VDC +5% 100 mV р-р. 
+12 VDC +5% 50 mV р-р 
50 mV pp. 


-12.VDC +5% 


ENVIRONMENTAL SPECIFICATIONS 


Operating Temperature: 09С to 60°С 


Storage Temperature: -40?C to +90°С 


Relative Humidity: to 95% (non-condensing) 
Altitude: -200 to 10,000 feet (-61 meters to 3,049 meters) 
Burn-In:.96 hours at 70°C 


MAXIMUM DIMENSIONS 


` Width: 4.988 in. (12.669 ст) 


Length: 7,900 in. (20.066 cm) 
Height: 0.500 in. (1.270 ст). 


Rockwell 


R24LL 


- Integral Modems 
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_ 2400 ВР5 MODEM 


INTRODUCTION 5007 27 FEATURES: 


The Rockwell R24LL is a high- performance serial syiichrohous. . 
2400 bps DPSK modem. By utilizing state-of-the-art MOSLSI © e 
technology, the R24LL provides the user with enhanced per- 
formance and reliability in а small package. Implemented on а 
single printed circuit board, the R24LL 15 less. than 26 Square 
inches. 


The R24LL operates in either the full-duplex (4-wire telephone’ e 
connection) or half-duplex (2-wire telephone connection) mode. 

The R24LL is designed for easy integration into a user's system, 

e.g., a simple box or rack-mount modem, statistical multiplexor, 
error controller, terminal, PBX, or any other communications 

product that requires the utmost in reliability and s 
for data transmission over veice-grade telephone, тев. 


Тһе R24LL is ideal for data transmission applications over athar 

2-wire ог 4-wire leased (dedicated) telephone lines ог the dial- 0 - 
_ up telephone network. Bell 201 B/C, CCITT V.26 АВ and У.26 | 

bis A/B compatible, the R24LL modem offers the user flexibility 

in creating а 2400 bps modem design customized for specific X 

packaging and functional requirements. 


. High Performance—Low Cost | 


LSI High Density —Low Power 


e Bell 201 B/C, CCITT V.26 A/B Compatibility and V.26 bis 
А/В Compatibility 


e DTE Interface LSTTL/CMOS Compatibility 
e External Transmit Data Clock: Tracking 


Diagnostic Outputs Available for Еуе Pattern Generation and 


_ Data Quality Monitoring - 
| Fixed Compromise Equalizer (Strap Selectable) 


2400/1200 bps Modes 


.Transmitter-Differential Phase Modulation 
: Receiver-Coherent Phase Detection 
Operating Modes: 

 —Half-Duplex (2-wire) 


—Full- -Duplex (4-wire) | 

Outstanding Performance Over Ünconditioned Lines - 

V.27 Scrambler/Descrambler Compatibility 

Answer-Back Tone Generation 

Clear-to-Send Delay Options 

NSYNC Option for Rapid Resynchronization in Multi-Point 
Applications 

Small Size—Less than 26 sq. in. 


e Typical Power Consumption—3 watts 
e Power Requirements, +5 Vde and + 12 Vde 


Document No. 29200N05 
2 10:92 


Data Sheet Order No. МО05 
Rev. 1, March 1983 
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COMPROMISE | | 
‚ EQUALIZER 


ВЕС | 
FILTER [—* 


| TRANSMITTER 
OSC 
DIVIDER 


TRANSMIT 
FILTER 


` TRANSMITTER 
DEVICE 


MOS/LSI 
(11042) 


TRANSMIT 


DAC 


R24LL Functional Block Diagram 


-. FUNCTIONAL SPECIFICATIONS - 
_ Transmitter Carrier Frequency—1800 Hz = 0.01% 


| А ‘Echo ‘Suppression and Answering Tone Frequencies—2100 
Hz + 0.01% or 2025 Hz + 0. 01% 


. Received Signal Frequency Tolerance—The receiver can 
<- adapt о received frequency errors up to + 10 Hz with less than 
| а 0.5 dB degradation in bit error rate. 


| Data Signaling and Modulation Rate— The normal signaling 
rate is 1200 baud + 0. 01% and а data rate of 2400 bps + 


/., 0.01%. The fallback signaling rate is 1200 baud + 0.01% and. 
а data rate of 1200 bps + 0. 01%. 


= Transmitted Data Spectrum—The transmitted spectrum's 


_ bandwidth extends from 800 Hz to 2800 Hz. Phase distortion 
- , characteristics fall within the limits specified іп CCITT Recom- 
_ mendation V.26 bis. The out-of-band:signal power limitations 


meet those specified by Part 68 of Tariff 261 of the FCC's reg- 
ulations and typically exceed the requirements of international 
regulatory bodies as well. 


2400 BPS Modem 


| IANALOG 


VOLTAGE | 
REF “| 


CARRIER | 
| DETECT 
| CIRCUITRY 


lg 


DIGITAL DIAGNOSTICS 
INTERCHANGE A 


CIRCUITS SYC 
RCVDS 
PE | 


. RECEIVER 

| SAMPLE 

MOS/LSI AND | 

Е HOLD/DAC: | 

REC ШИЕ 
OSC. 

DIVIDER 


(1 1043) 


DECISION 
DEVICE 


MOS/LSI 
(11044) 


Data Encoding (DPSK)—At 2400 bps, differential аи 


. modulation is employed. The data stream to be transmitted 
divides into pairs of consecutive bits (dibits). Each dibit is encoded 
-as a phase change relative to the phase of the immediately pre- 
ceding signal element. Two alternative. arrangements of coding 
are possible (in accordance with CCITT Recommendations V. 26 
and V.26 bis) as shown in the following chart. | 


Data Encoding . 


Phase Change 
: voe 201 
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R24LL 


-270 © 4180 


00 -90: 


ALTERNATIVE А 


+315° 


+135° 


ALTERNATIVEB 745 TE 


Reference Line Signal Diagram (V.26 A&B) | 


At 1200 bps, differential 2-phase modulation is employed. Each 
bit to. be transmitted is encoded as a phase change relative to 


the phase of the immediately preceding signal element. The · 


encoding is in accordance with CCITT Recommendation V.26 
-bis as shown in the following chart. | 


Data Encoding 
_ 1200 BPS 


Turn On Sequences—The transmitter of the R24LL can gen- 
erate a total of 13 selectable turn-on sequences, as shown in 
the following chart. : 


2400 BPS Modem 


Turn ОН Sequence—When the transmitter has been sending 
data and. "Request-to-Send" is turned off, any remaining data 
bit information transmits within 6 milliseconds. 


Response Times ; of Clear-to-Send—The selected configura- 


‘tion of the R24LL and its associated turn-on sequence deter- 


mine the Clear-to-Send (992099 times, as shown i in the following 
chart. : 


· Scrambler/Descrambler—The R24LL incorporates a self- 


‘synchronizing scrambler/descrambler enabled by a discrete dig- 


ital input. 


Carrier Detection—The R24LL contains a received line signal 


. detector. This detector indicates the presence of energy at the 


| Carrier Detect Transition ы. 


receiver input above a certain threshold for a minimum amount 
of time. 


Carrier Detect Thresholds 


Received Level _ Carrier Detect | 


Greater than —43 dBm _ . | On (ме signal present) 
Less than —48 dBm 


. Off (line signal-not present) . 
Carrier Detect Response Time 


· Response Time 


Off-to-On 
On-to-Off 


Turn-On Sequences 


Type of | | 
Line Signal ^^ ^" Segment 1 
Continuous 
Unscrambied 
Ones 


. Turn-On 
‚ Sequence 


Number . Ones 


0 ms 
. Oms 
0 ms 
0 ms 


0 ms 
0 ms 
140 ms 


0 ms 


0 ms 


Ша 
- 2 
3 
4. 
5 
6 
7 
8 
9 
10 
11 
12 
13 


` Segment 2 


211.7 ms 


791.7 ms 


Continuous 
Scrambled! 


21.67 ms 


81.67 ms 


Notes: 


Total of 
Segments 1, 2 


Nominal Total Comments 
Turn On Sequence 


Time? 


0 ms 
6.67 ms 
8.33 ms 
30 ms 
30 ms 
90 ms 
90 ms 
148.3 ms 
148.3 ms 
220 ms 
220 ms 
800 ms 
800 ms 


V.26 

(scrambler inserted) | 
V.26, V.26 bis 
(scrambler inserted) 


(scrambler inserted) 

_ V.26 bis | у 
(scrambler inserted) | 
V.26 bis ` | 
(scrambler inserted) 


| 1. See paragraph titled Scrambler/Descrambler for a description of scrambler/descrambler facility. 


2. For those turn-on sequences in which the scrambler 15 inserted, the transmitted line signal corresponds to a continuous "one", айгай, 
for 8.33 ms- -ten baud (symbol) intervals, followed by the transmission of a.continuous ' "Ope scrambled, for the remainder 9r the turn-on 


Sequence... 
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вада 


Clear-To-Send Response Times a 


Clear-To-Send : 
Response Times" 


143.3 ms | 


143.3. ms 


RIO. 
Sequence 


| Comments 
Number | | 


switched carrier 
4-wire (BELL 201) 


switched carrier 
4-wire 


CCITT 4-wire 


CCITT 4-wire with 
scrambler | 


CCITT 2-wire 


CCITT 2-wire with | 

scrambler 

switched carrier 
2-wire 


switched carrier 
2-wire with 
scrambler 


CCITT 2-міге | 
echo protection — 


switched 2-wire | 
echo protection with 
scrambler 


CCITT 2- -wire auto 
саћ г 


CCITT 2-wire auto 
call with scrambler: 


66 КАН 
о 


ШІ 


Note: 


“Тһе tolerance оп ‘each Off-to-On and On- m ns 
time is (+.9, — Л) ms. 


ы а Options: The following clamps are provided wih 
the 8241: | | | 


1. Received Data. The Received Data output is clamped to a 
mark when Carrier Detect is off. This action prevents distur- 
bances on the line from getting through the receiver circuit 
to the data output, 


2. Carrier Detect Clamp. The Carrier Detect output is clamped 
off (squelched) when Request-to-Send is on. An option 
extends this clamp for 148 milliseconds beyond О: 
off, thus providing echo protection. 


3. Receive Clock Clamp. The Receive Clock output is clamped 

off when Carrier Detect is off. This action prevents any dis- 

. turbances from propagating through the receiver circuit to the 
receive clock output. 
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Equalizer—The R24LL contains a fixed: compromise delay 


equalizer which improves performance over the domestic 
switched network. The equalizer may optionally be positioned 
in the receiver or removed entirely by means of a jumper plug. 
it has a nominally flat 0. 0 dB. amplitude. response. 


Test Pattern Generation— The scrambler/descrambler func- 
tion can be used to implement a 127-bit test pattern feature. For 
example, a constant mark input could be scrambled and trans- 
mitted as a pseudo-random signal to be descrambled at the 
receiver back to the constant mark. A transmission error would 


be represented as a space for the duration of an incorrect bit. 


Receive Level—The R24LL receives line signals from 0 to —43 
dBm. 


Transmit Timing—The R24LL generates a Transmit Clock with 
the following characteristics: Frequency —2400 Hz = 0.01% 
(1200 Hz + 0.01% in fall back mode), duty cycle—50 + 1%. 


: The R24LL can also optionally track an External Transmit Clock 
. supplied by the user. Both have similar characteristics. 


Receive Timing—The R24LL provides a data derived Receive 


Clock output in the form of a nominal squarewave (50 = 1% 


duty cycle). The timing recovery function can track а = 0.0196 
frequency error in the associated transmit timing source. 


Secondary Channel—The R24LL provides the user sufficient 


_ flexibility to add an external secondary channel if desired. (А 


secondary channel is а data transmission channel having а 
lower signalling rate and occupying a different portion of the tel- 


 ephone line bandwidth than the primary channel. The primary 


and secondary channels share the same transmission facility, 
the telephone line.) Additional receive filtering to allow simul- 
taneous operation of the secondary channe must be ИЕ 
external to the R24LL. | 


Transmit Level—The transmitted output line signal level of the 


modem is —1.0 dBm + 1.0 dBm when the transmitter output is 
terminated with a 600 ohm resistor in series. This applies to all 
possible transmitted data patterns both at 2400 bps and 1200 
bps, as well as to answering tone generation. 


Answering Tone Generation—The R24LL can generate an 
answering tone аї 2100 Hz + 0.01% or 2025 Hz + 0.01% 
(selectable) for 3.4 + 0.2 seconds under the control of an input 
logic signal (CAUTO). The R24LL also provides a digital output 
(Т ОМА) indicating the conclusion of answering tone generation. 


Carrier Detect Off and causes the R24LL to resynchronize rap- 
idly on sequences of incoming messages. This feature is nec- 
essary in some polling applications because the receiver 
maintains the timing information of the previous message for 
some time after it has ended—this may interfere with resyn- 
chronization on receipt of the next message from a different. 
remote transmitter. | 


| New Sync—Pulsing the New Sync (NSYNC) digital input forces Е 


R24LL 


Fast Energy Detector—A received line signal detector; the fast 
energy detector's output (RLSD) has the same threshold and 
hysteresis characteristics as the Carrier Detect. For RLSD the 
maximum turn-on time is 1.6 ms and the maximum turn-off time 
is 6.6 ms (both times for Equalizer not inserted). Furthermore, 
the RLSD output will respond to transient line conditions (no 
momentary dropout or momentary-on glitch protection). 


Baud Clocks— Symbol or baud timing is available for both the 
transmitter and receiver functions. These signals have charac- 
teristics similar to the data clocks' except that their frequency 
is equal to the signalling rate (1200 Hz = 0.0196). Transitions 
on Transmitter Baud Clock and Receiver Baud Clock coincide 
with Off-to-On transitions of Transmit Clock and Receive Clock, 
respectively. For 2400 bps operation both baud clocks are low 
for the first data bit in a baud and high for the second data bit. 


Analog Loopback— The R24LL provides the flexibility to imple- 
ment a variety of analog loopback schemes using a minimum 
amount of external circuitry. 


Eye Pattern/Data Quality Detector—The R24LL outputs dig- 
ital signals (RCVDS, SYC, A) which the user can decode to 
generate a quadrature eye pattern. The eye pattern is a visual 
(oscilloscope) display showing the received signal as groupings 
of dots in the baseband signal plane. It is useful as an incoming 
modem test and product evaluation tool and as an indication of 
a line condition in actual operation (useful. for some network 
control applications). | 


The modem also outputs digital signals (PE, SYC, A) which the 
user can decode to generate a data signal quality detector. This 
indicates if a reasonable probability of errors is received on the 
data channel. 


CONFIGURATIONS 


The R24LL modem provides the user with a wide range of 
modem functional configurations. Some of the possibilities are 
described below. 


Half-Duplex (2-Wire)—In а half-duplex application, the user 
needs both transmit and receive capabilities (although not 
simultaneously) on a 2-wire connection. 


If a hybrid (4-wire — 2-wire) transformer is not employed as a 
line interface device, REC IN would be strapped to T1 through 
an external resistor, the user perhaps selecting this resistor to 
produce a specific output impedance or to compensate for 
losses in any line interface circuitry. 


Digital interface connections. In a typical application, the user 
controls basic modem operation through the digital signals T103, 
T105, T106, T114, T104, T115, T109, and perhaps RBCK, 
T113, or TBC. (T113 is used if transmit timing is to be locked 
to the customer's clock; TBC may be employed to minimize cer- 
tain timing delays and is useful in some multiplexing operations). 
A number of digital inputs can either be fixed (tied directly and 
permanently to the --5У supply [high] or to signal ground or the 
—12V supply [low] in accordance with the specific requirements) 
or, if the user desires programmable flexibility, these signals can 
be interfaced with his equipment. Signals of this type include 
T111, V26A, 1, S8GR, К, Y, ТС06, 800MS, Е, T2W/4W, СРОА, 
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СР15, RW/AW, ТН09, FSYC, ТС09, and PBS. If answerback 
or echo suppression tone generation capability is required, the 
input CAUTO (which should be strapped low if not used) and 
the output TONA are available. Implementation of the New Sync 
function requires any new sync pulses to be inputted to NSYNC. 
The outputs SYC, RCVDS, DCP, A, and PE can be used to gen- 
erate eye pattern and phase error diagnostic information. 


Analog interface connections. The GAIN-G1-G2 jumper (for 
threshold set selection) should be in the proper location as 
described in the table at the top of page 9. Note that input 
impedance at REC IN is a resistive 15.8K ohms. If a 600 ohm 
receiver input impedance is desired, an external resistor to 
signal ground must be added. Take care when routing to REC 
IN (for low level receive signal) from any telephone interface 
circuitry. Also note that it is possible to insert the equalizer into 
the receiver or not to insert it by use of the jumper on the board. 
Implementation of a local analog loopback scheme could be 
achieved in many ways. If the line interface connection as 
shown in the diagram below is employed, the user can create 
a local analog loopback simply by deactivating squelch. To iso- 
late the telephone line during this loopback (no transmitted 
line signal), additional circuitry must be added. 


Full-Duplex—In a full-duplex application, the user needs both 
transmit and receive capabilities simultaneously. A 4-wire line 
connection is required. 


The only differences with half-duplex are that REC IN is no 
longer connected to T1 (the transmitter and receiver have inde- 
pendent transmission paths) and the squelch function would be 
deactivated (except during New Sync) by use of the input T2W/ 
4W. 


Digital interface connection is the same as for the half-duplex. 


Analog interface connections. With the exception of the 4-wire 
line interface, analog interface connections are the same as 
half-duplex. Implementation of a variety of local or remote analog 
or digital loopback schemes requires the addition of a minimal 
amount of external circuitry. 


RECEIVER TRANSMITTER 


EXTERNAL 
REGISTER 


TO LINE INTERFACE 


CIRCUITRY 


R24LL Half-Duplex Mode 


| R24LL 
| |МТЕВРАСЕ CRITERIA 


The R24LL interface signals are classified as digital еа 8 
signals and analog signals. The signals interface to the modem 
user through the board edge connector. 


| Digital Interchange Circuits—The characteristics of the R24LL 


. digital inputs and outputs are given in the following charts: 


Digital Input Characteristics 


‚| Input Logic State | Allowed Input Voltage Levels | 


Low —12V (Vpp) to 0.8V sinking «10 мА 
High +4.0V (Vss — 1V) to +5. OV (Vss) sourcing 
«10 мА 


The digita! inputs are directly CMOS compatible. The capacitive 
loading on each input is 25 pF (maximum). 


Digital Output Characteristics 


Allowed Output Voltage Levels 


0.0V to 0.4V (—0.4V to +0.4V юг RLSD) 
sinking 0.36 mA 

+4.0М (Vss — 1V) to +5.0V (Vss) sourcing 
100 „А 


Output Logic State 


The digital outputs are directly CMOS or low-power Schottky TTL 
_ compatible. | 


Digital Interchange Circuits 


Pin 
Term Number Description 
TONA P1-A5 Output indicating completion of 
| answering tone. 
800MS P1-A6 Input affecting Clear-to-Send re- 
| sponse time. 
TCO6 P1-A7 Input affecting Clear-to-Send re- 
| sponse time. 
K P1-A8 input affecting Ready-for-Sending 
| response time. 
X P1-A9 Input affecting T109 Squelch. 
CAUTO P1-A10 Input initiation transmission of an- 
: |». swering tone. 

. New Sync (NSYNC) Р1-А13 Input affecting T109 Squelch. 
CLAMP P1-A15 Input forcing squelch of T109. 
Fast Energy P1-A17 Input generating T109. 

Detector (RLSD) С | 
Fast Sync (RSYC) Р1-А18` Input determining whether fast 
" syne feature (fast resynchroniza- 
tion upon recovery of received line 
signal following momentary drop- 
out) is enabled. 
S8GR P1-A19 input determining whether the 


modulo 8 pattern guard will be in- | 
‚ corporated into the scrambler 
facility. 


Note: 


DCP 


R2W/AW 


Receiver Baud Clock 


(RBCK) 
PBS 


THO9 


Transmitted Data 


(7103) 


Clear-to-Send ог 
Ready-for-Sending 
(T106) 


Data Signalling Rate 


Selector (T111) 


Receive Clock 


(T115) 
E 
T2W/AW 


Y 


Transmitter Baud 
Clock (TBC) 
А 


ТНАН 


V26A/B 


CP15 


RCVDS 
SYC 
PE 
ТС09 


СРО4 
External Transmit 


. Clock (T113) 


Request-to-Send 
(T105) 


` Received Data 


(T104) 
Transmit Clock 


(T114) 


Carrier Detect 


(T109) | 


P1-A21 


. P1-A22 
P1-A23 
P1-A24 


P1-A25 


P1-A29 


P1-A30 
Р1-АЗ2 


Р1-АЗЗ 

Р1-В6. 

Р1-В7 ) 
Р1-В8 


Р1-В10 


Р1-В11 


Р1-В15 


Р1-В18 


Р1-В19 


Р1-В20 


Р1-В21 
Р1-822 
Р1-В23 
Р1-В24 
Р1-В25 
Р1-В29 
Р1-830 
Р1-831 


P1-B33 


P1-B24 


The following P1 connector pin locations should be left open and unconnected: 
A4, А11, A12, A14, A16, A20, A35, B1, B12, B13, B14, B17, B32, and 835. 


10-97 


2400 BPS Modem 


Digital output enabling user to 
‘generate eye pattern and phase 
error diagnostic information. 

Input affecting state of THRH 
output. 


For 2400 bps operation. 


| Input determining T109 On-to-Off 


response time. 

Input affecting state of THRH 
output. 
Input for 
transmitted. 
Output indicating readiness to ac- 
cept data for transmission. 


digital data to Бе 


Input determining whether trans- 
mitted data rate is 2400 bps or 
1200 bps. | 

Output providing received signal 
element timing information. 
Inputs affecting Clear-to-Send re- 
sponse time and T109 Squelch. 
Input affecting Ready-for-Sending 
response time and answering tone 
frequency. 


Output baud clock (1200 Hz). 


Digital output enabling user to 
generate eye pattern and phase 
error diagnostic information. 

Input determining whether scram- 
bler is to be inserted. 


Output used in conjunction with 


carrier detect circuitry to imple- 
ment T109 threshold set select 
function. 

Input selecting dibit. encoding at 
2400 bps operation as per V.26 
Alternate A or V.26 Alternate B. 
Input selecting optional clamping 
of Receive Clock (T115). 

Digital outputs enabling user to 
generate eye pattern and phase 
error diagnostic information. 

Input determining T109 Off-to-On 
response time. | 

Input determining T104 damping. 
Input providing modem with trans- 
mitted signal element timing 
information. 

Input to transmitter. 


Digital даа output from modem 
receiver. 

Output providing user with trans- 
mitted signal element timing 


_ information. 


Output indicating presence of sig- 
nal energy on receiver line. 


R24LL 2400 BPS Modem 


NEM MORE ROME NNNM 


oe NEN SENE 
т А10) (P1- 55 (Р1-А5) Transmitted Signal 


Don’t Care ‘| Normal Operation 
2400 bps Alternate A | | High | 2100 Hz Answering Tone 
2400 bps V.26 Alternate B | | Low 2025 Hz Answering Tone 
(Bell 201C) i Don't Care Normal Operation 


Data Structure 


Data Signalling 
Rate Selector 
(P1-A32) 


Data Structure 


Turn-On 
Sequence 


OOOODONODODAaMNA о; = 


1200 bps 


Selection of Clear-To-Send Response Times 


Don't Care 
Low 
Low 
Low 
Don't Care 
High 
Don't Care 
High 
Don't Care 
Don't Care 
High 
Don't Care 
Don't Care 
High 
Don't Care 
Don't Care 
Don't Care 
Don't Care 


Don't Care 
High 
Low 
Don't Care 
High 
High 
High 
High 
Don't Care 
Don't Care 
Low 
Don't Care 
Low 
Low 
Don't Care 
Low 


Don't Care . 


Don't Care 


T2W/4W 
(P1-B7) 
High 
High 
High 
High 
Low 
High 
Low 
High 
Low 
Don’t Care 
Don't Care 
Low 
Low 
Don't Care 
Low 
Low 
Don't Care 
Don't Care 


Don't Care 
Don't Care 
Don't Care 
Don't Care 
Low 

Don't Care 
Low 


Don't Care: 


Don't Care 
Don't Care 
Don't Care 
High 

Don't Care 
Don't Care 
High - 
Don't Care 
Don't Care 
Don't Care 


Сіеаг-То-Ѕепа 
Невропве Тітеѕ 
(ms) 


оссососоосоососососоосооео)| 


‚ Note: The tolerance on each Off-to-On and Оп-ю-ОЯ response time is (+ 0.9, —0.1 ms). 


Carrier Detect Squelch 


T2W/4W E T105 
(P1-B7) (Р1-В6) (P1-B30) 


Don't Care Don't Care 


Don't Care High 


Low 
High 
High 
High 


Low 
Low 
Low 
Low 


Don't Care 
Don't Care 
Don't Care 
Don't Care 
High 
Low 


Don't Care 
Don't Care 
Don't Care 
High 

High-Low 
High—Low 


Squelch Status 


Squelch 

No Squelch 

No Squelch 

Squelch 

Extended Squelch 

No Extended Squelch 


Notes: 


"Squelch" means that Carrier Detect (T109) is clamped off regardless of the level of received line signal. | During squelch, CLAMP 
(T-13) is a low impedance to ground. For normal operation (no squelch) CLAMP (T-13) is in a high ГОРУ (“ореп агат”) 
state. 


When "extended squelch" is enabled, squelch occurs both when Request-to-Send (T105) is On (High) and for 148.3 ms (+0.9, 
—0.1 ms) following the On-to-Off (High to Low) transition of T105. 
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Carrier Detect Threshold Selection 
|  беесед | 
Threshold Set: 
—43 dBm, —48 dBm 
7-33 dBm, -38 dBm _ 
-26 dBm, -31 dBm 


High Impedance 
High Impedance 


а! 
62 
Low impedance | G1 or G2 
| to ground oe ; | ET 
_ Gain must be shorted to either G1 or G2. · 


THRH Operation 


, R2WJAW f | 

| Low .— High Impedance - 
High Impedance 
High Impedance . 
Low Impedance 


- ТНАН в an open-drain driver representing either a low imped: 
. ance to ground («500 ohms) or a very high impedance state. 


"Scrambler/Descrambler 


—— | Scrambler/Descrambler. 
| S8GR | Сопћдиганоп 

(Р1-А19) | | 

Don't Care |. 
Low 


_ № Scrambler 
Scrambler V.27 bis, ter 
(modulo 8 pattern guard) · 
(no modulo 8 pattern guard) 


High 


Analog Interface Circuits—The. analog interface circuits of the 
R24LL defined in the following chart provide the power, the 
. Switched network connections, and a means for the user to 
^ monitor the сотто line signals. | 


Analog Interface Circuits | | 


| Term | Number Description 
| +та2м Р1-В5, B9. +12М Power. Supply 
|—-12У/ | Р1-А1 7 =12\/ Power Supply `` 
|*5V ^-^, P1-A2, B2 ~ | +5\/ Power Supply 
| СОММОМ _ РАЗ, A31, ва | Ground (signal and EU | 
L DE НЕ returni) | Pers 
T1 A REL РА | [Tis ‘the low “impedance 
pest oe n ue p ЗА : į. transmitter analog output (line | 
signal). The T1 allows the 
user the flexibility. needed to . 
| customize his output imped- | 
| ance (to compensate for. 
transforrger losses, for in- 
a. | | ‚запсе). | 
SECONDARY IN | P1-B4 - Secondary channel input | 
m | | ur from the DTE. | B 
REC IN Р1-836 Receive filter input. input 


impedance i isa resistive 15. 8 
K ohms = 1%. 


‘Audio interface—The audio interface" includes | the R24LL's. 


: interface with the transmission network. 
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The receiver and transmitter line interfaces. are ‘single-ended 


E (non-transformer. coupled) signals with the following: charac- 


teristics: 
Transmitter Voice TE Output T T1 
1. Output Impedance: Impedance of Ор-Атр _ 


2. Maximum Output Level: «0.0 dBm as measured-per the fol- 
lowing diagram using. a ше АМ$ 
тејег. 


TO TRUE RMS 
MOTOR: 


2600 = .1% 


LOW PASS 
~ FILTER Г 


. Receiver Voice Frequency Input REC ІМ 


1. Input Impedance: 15.8K ohms + 1% resistive 


.2. Maximum Input Level: «0.0 dBm | 


The output level at the R24LL line interface is less than -60 _ 

dBm in the frequency band of 1 Hz to 12 Hz when the modem 
is not transmitting. A period of. 100 milliseconds is redijired юг 
the line interfaces to stablize following power turn-on. : 


Low impedance voice frequency output T1 ванейев applications re y 
interfacing with lossy transformers or nyongs... The > characteris- pu 


tics of T1 output are: 


а. Output Impedance: Essentially Zero ohms when loaded to 


ground with greater than. 400 ohms 
. (resistive). Thisi isa direct output from an 
operational amplifier. Us 


Tue ЖЫ Minimum Load: 2400 ohms (resistive) as measured between | 


Т1 апа signal ground. | 


E: PERFORMANCE DATA 


es | Тһе R24LL i isa high performance synchronous 2400- NUR DPSK | 
 тодет. It utilizes а coherent demodulation technique to achieve 


| reliable operation over m switched. network or unconditioned | 


lines. 


Timing. Jitter—The. maximum steady state timing jitter о! : 


Received Clock with respect to Transmit Glock | is less than 10% 


| р-р for an input Ignali noise: ratio of 12 dB. 


Bit Вог Rate—The following graph represents урса вади. 


performance. 


1074 ша з ILC ICI II 
UA Үй UNE 


BIT ERROR RATE 


1075 pu 


11 12 13 14 15 
SIGNAL TO NOISE RATIO DB) ` | 


. 1200 BPS, BACK-TO-BACK, SCRAMBLER, NO EQUALIZER | 
. 2400 BPS, V.26A OR B, BACK-TO-BACK, SCRAMBLER 
NO EQUALIZER 
3. 2400 BPS, V.26A OR В, 15°—150 HZ PHASE JITTER, NO 
2: SCRAMBLER, NO EQUALIZER | 
4. 2400 BPS, V.26A OR B, 30%-120 HZ PHASE JITTER, NO 
“SCRAMBLER, NO EQUALIZER ү 
5. 2400 BPS, V.26A OR B, 3002 UNCONDITIONED LINE, 
NO SCRAMBLER, EQUALIZER 


N=. 


Typical Bit Error Rate Performance 


Phase Error—Phase error can be measured with the modem's 
_ output signals PE, SYC, and A. With an external test circuit, a 
numerical value can.be derived to indicate the quality of received 
. data and then directly correlated to bit error rate performance. 


The required test circuit can be implemented with discrete cir- 


cuitry or in software within a microcomputer. 


Eye Pattern—By using the modem's digital output signals 
RCVDS, SYC, and A along with an added test circuit, the user 
can generate an oscilloscope quadrature eye pattern. This pat- 
tern displays the received signal as a group of dots in the base- 
band signal. plane: it is a graphic representation of modem 
performance. | 


2400 ВРЅ Модет 


DISPERSION - 
DUE TO GAIN 
ERRORS 


DISPERSION DUE 
TO PHASE ERRORS | 


DISPERSION AROUND 
PROPER POSITION DUE 
TO COMBINATION OF 
RANDOM NOISE, PHASE 
ERROR, AND/OR GAIN 
ERROR. - 


Typical Eye Pattern: 4 Phase-2400 BPS-1200 Baud (V26A) 


CIRCLE REPRESENTS 
PROPER POSITION OF 
HIGH QUALITY SIGNAL 


Phase e error and eye pattem can be extremely useful for modem 
acceptance testing, product evaluation, and observation of line 
signal quality under actual operation... 


RECOMMENDED MATING CONNECTORS 


The R24LL connector mating contacts are not gold covered; 
therefore, a high quality gas-tight card ейде connector should 
always be used to maintain reliable operation. Rockwell rec- 
ommends the following in order of preference: 


1. Витау GTBH Series 
2. Continental. 6100- 200 Series 
3. Elco 00-6307 Series 


POWER REQUIREMENTS 


Maximum | 
Voltage | Ripple Current 


+5 VDC + 5% , 100 mV р-р 
+12 VDC = 5% 50 mV р-р. 
-12 VDC = 5% 50 тУ р-р 


ENVIRONMENTAL SPECIFICATIONS 


Operating Temperature: 0°C to 60°С 

Storage Temperature: —40°С to +80°C 

ыы Humidity: to 90% (non-condensing) or a wet bulb tem- 
. perature ир to 35°C, whichever is less. 

Altitude: Eee to 10,000 feet (-61 meters to 3,049 meters) 
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Rockwell 
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Integral Modems. 


| R24 


2400 BPS INTEGRAL MODEM 


INTRODUCTION 


The Rockwell R24 is a high pérformance synchronous serial 


2400 bps DPSK modem. Utilizing extensive MOS/LSI 


technology, the R24 is implemented in three modular building 
blocks. It is innovatively designed to enable its economic integra- 
tion by system designers іп а broad range of communication, : 


сотрщег, and control equipment. 


| Having Bell 201 B/C and CCITT V.26 compatibility, the modular 
R24 offers the user sufficient flexibility to customize a 2400 bps 
: modem to his specific packaging and functional requirements. 
'With a minimum amount of interface circuitry, the modem can 
ре configured for operation on leased lines or on the general 
switched network. 


MODULE VERSATILITY. 


The versatility of the R24 design is achieved by dividing the 
| modem’ 5 functions into three. modules: 


Transmitier — Module T 
Receiver — Modules R1 and R2 


Each module б can be plugged into standard connectors or can 
be wave soldered on one or more printed circuit boards. The 
pin spacing is on 100 mil centers. Modem modules are func- 
tionally independent. 


МОРЕМ OPERATION MODES E 


In general, the modules can be а 0 operate in the 
following modes: S 


Simplex — Transmit only: Only the transmitter module (T) is 
used. 


Simplex — Receive only: Ri and R2 modules are used to | 


implement а complete receiver 
function. 


Half Duplex (2-Wire): 
functions (although not simul- 
taneously), therefore, all three 
modules are used. 


Requires both tránsmit апа receive 
functions simultaneously, again all 
three modules are used. | 


| Full Duplex (4-Wire): 


Requires both transmit and receive 


FEATU RES: 


| (51 high dins low power 

2400/1200 bps modes 
Transmitter-Differential phase shift keying 
Receiver-Coherent phase detection 

Bell 201 B/C, CCITT V.26 compatible 
CCITT А/В encoding options | 

Operating modes: 

Half duplex (2 wire) 

Full duplex (4 wire) 

Simplex (Transmit or Receive only) 
Outstanding performance over unconditioned lines 
LSTTL/CMOS compatible digital interface 
Fixed compromise equalizer. 

М.27 compatible scrambler/descrambler 

Answer-back tone generation 

Clear-to-send delay options — 

New sync option provides rapid resynchronization 

| Typical power consumption 2 watts 

Total module area 25 sq. in. 

R24 Modem Evaluation Board facilitates evaluation and 
design-in tasks. | TEC 


: Re4 Integral Modem 


Document No. 29200М01 


Data Sheet Order No. MD01 
p^ Rev. з, бич 1983 


R24 


INTERCONNECT 


MODULE R24-R1 | 


RECEIVE 


ANALOG M 
HOS BAND-PASS FILTER. 


"MODULE | R24- R2 
* Ув 


SAMPLE AND 
HOLD/DAC 


RECEIVER 


ER RECEIVER Бли 
OSCILLATOR. 


` MODULE R24-T 


ATTENUATOR 


ANALOC | 


TRANSMITTER 


CONTROL 


TECHNICAL DESCRIPTION | 


Transmitter carrier frequency — 1800 Hz +0.01% 


Echo suppression and answer ions frequencies —.2100 Hz 
+ 0.0190 or 2025 Hz + 0.01% 


Received signal frequency tolerance — The receiver can 
adapt to received frequency errors up to 10 Hz with less than 
a 0.5 dB degradation in bit error rate. 


Data signaling and modulation rate: | 


Signaling Rate — 1200 baud +0.01%. 
. Data Rate — 2400 bps +0.01%. 

2) Fallback: Signaling Rate — 1200 baud 40.0196. 
| Data Rate — 1200 bps +0.01%. . 


1) Normal: 


Transmitted Data Spectrum — The transmitted spectrum S 
bandwidth extends from 800 Hz to 2800 Hz. Phase distortion 
characteristics are within the limits specified in CCITT Recom- 
mendation V.26 bis. The:out. of band signal power limitations 
meet those specified by Part 68 or Tariff. 261 of the FCC's regula- 
tions, and typically. ОКА the requirements of international 


| _ regulatory bodies as well. 


" Data Encoding (DPSK) — At 2450 Бре, differential Еи 


x modulation is used. The data stream is transmitted in pairs of 


consecutive bits (dibits). Each dibit is encoded as a phase 
change relative to the phase of the preceding signal element. 


The R24 implements the phase A and B recommendations of 
CCITT V.26. The modulation coding in Ве! 201 modems is the 
same as V.26B. Definition of these coding arrangements is 
shown in the following table: | | 


м] COMPROMISE 
53 EQUALIZER 


RECEIVER 
DEVICE 


2400 bps Integral Modem 


INTERCONNECT 
CARRIER 
DETECTOR 
AUTOMATIC 
. GAIN CONTROL 


MOS/LSI 


TRANSMITTER 
| LOW PASS | 
FILTER 


} 


DECISION 
DEVICE 
:MOS/LSI 


DATA. 


TRANSMITTER B DATA 


"DEVICE 

MOS/LSI 

| TRANSMITTER] | 
TAG — OSCILLATOR . 


У ===> 


—> CONTROL 


INTERCONNECT © + 


10-102 


R24 Functional Diagram 


2400 BPS 


DIBIT э CHANGE 
у.26В/Вей 201 


a 
11 
10 


ALTERNATIVE А 


09 


%2709: +1809 


_ 4315? 


ALTERNATIVE В „45°. m 


Line Signal Diagram (V.26 A & B) 


At 1200 bps, differential two-phase modulation is used. Each 
bit is transmitted at a relative phase change to preceding signal | 
element in. acordance with CCITT V.26 bis. | 


1200 ВР$ 


+909 | 
+2709 


Тит Оп Sequences — A total of twelve selectable turn on 
sequences сап be generated by the transmitter module. _ 


Turn Off Sequence — When the transmitter has been sending 
data and "Request to Send" is turned off, any remaining data 
bit information is transmitted within 6 milliseconds. 


R24 


. 2400 bps Integral Modem 


Ready for Sending (T106) Response Times — These response 
times are determined by the modem configuration selected and 
its associated turn on sequence. 


Turn On Ready for Sending 
Sequence ' Response 
Number Time 


Configuration and 
Carrier Type 


6.67 msec Switched Carrier — 4-Wire 
(Bell 201) 

8.33 msec Switched Carrier — 4-Wire 

30 msec CCITT — 4-Wire 

30 msec CCITT — 4-Wire with Scrambler 
90 msec CCITT – 2-Wire 

90 msec CCITT — 2-Wire with Scrambler 
148.3 msec Switched Carrier — 2-Wire 


148.3 msec Switched Carrier — 2-Wire with 
Scrambler 


220 msec CCITT — 2-Wire Echo Protection 


220 msec Switched 2-Wire Echo Protection 
with Scrambler 


800 msec CCITT — 2-Wire Auto Call 


800 msec CCITT — 2-Wire Auto Call with 
Scrambler 


Response Time tolerance ( + 0.9, -0.1) msec 0 


Scrambler/Descrambler — As a selectable option, the scrambler/ 
descrambler may be inserted into the transmitter/receiver path. 
The purpose of this scrambler is to ensure that the line signal 
will evenly span the allocated bandwidth. This minimizes pat- 
tern sensitivity problems arising from simple fixed and periodic 
data sequences. The scrambler is V.27 or V.27 bis/ter compatible. 


Carrier Detect (T109) — The modem receiver incorporates a 
line signal energy detector whose output responds to three selec- 
table threshold levels. | 


Set 1 (V.26 bis, switched Greater than -43 dBm = ОМ 
network) Less than -48 Вт = OFF 
Set 2 (V.26 bis, switched Greater than -33 dBm = ON 
network) Less than -38 dBm = OFF 
Set 3 (V.26, leased line) Greater than -26 dBm = ON 


Less than -31 dBm = OFF 


Selectable T109 Response Times — This time is defined as 
the interval between the sudden connection or removal of the 
received line signal to the modems receive filter, and the subse- 
quent transition of Carrier Detect (T109) from one state to the 
other. 


Carrier Detect 
Transition Response Time 


OFF to ON 6 +1 ms 
(connection) 14 +1 ms 


| Selectable 


ON to OFF 
(removal) 


8 +3 тв 
22 +3 ms 


| Selectable 


Receive Level — The modem receives line signals from O to 
-43 dBm. 
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Transmit Timing — The modem generates a Transmit Clock 
(T114) having the following characteristics: Frequency — 
2400 Hz + 0.196 (1200 Hz + .01% in fallback mode), duty cycle 
— 50 + 1%. The modem is also optionally capable of tracking 
an External Transmit Clock (T113) supplied by the modem user. 
T113 has similar characteristics to T114. 


Receive Timing (T115) — The modem provides a data derived 
"Receive Соск” output in the form of a nominal squarewave 
(50 +1% duty cycle). The modem timing recovery function is 
capable of tracking a +0.01% frequency error in the associated 
transmit timing source. 


Transmitter Output Levels — This output can be strap con- 
trolled in 2 +0.2 dB steps from -1 dBm +1 dB to -15 dBm 
+1 dB. 


Answer Tone Generation — The modem generates a selec- 
table answering tone of 2100 Hz + 0.0196 or 2025 Hz + 0.01%. 
The 2100 Hz tone meets CCITT Recommendations G.161 and 
V.25, and the 2025 Hz tone meets Bell System requirements 
for both answering tone and echo suppressor disabling tone. 


Equalizer — As a strap option, the modem contains a fixed com- 
promise delay equalizer which can be used to improve perfor- 
mance over unconditioned schedule 3002 lines. This option is 
normally positioned in the receiver, but it can be repositioned 
in the transmitter or bypassed entirely. It is designed to com- 
pensate for the mean of the range of group delay distortions 
generally encountered in the United States. Из amplitude 
response is nominally flat at 0.0 dB. 


Test Pattern Generation — The scrambler/descrambler func- 
tion can be used to implement a 127-bit test pattern feature. For 
example, a constant mark input could be scrambled and 
transmitted as a pseudo-random signal to be descrambled at 
the receiver back to the constant mark. А transmission error 
would be represented as a space for the duration of an incor- 
rect bit. 


Multipoll Synchronization — The “new sync" (NSYNC) digital 
input can be pulsed to cause rapid resynchronization of the 
receiver for sequences of incoming messages. This feature is 
necessary in some polling applications. However, if the user's 
hardware/software does not support the use of “new sync" 
(NSYNC), then the optional "fast sync” (FSYNC) can be utilized 
to enable a fast resynchronization procedure. 


Selectable Clamping Options — 


1) Received Data (T104) — This output is clamped to a selec- 
table constant (space or mark) when “‘Carrier Detect” is off, 
to prevent disturbances on the line from getting through the 
receiver to the data output. 


2) Carrier Detect (T109) Clamp — This output may be clamped 
OFF (squelched) in a 2-wire applications during the time when 
"Request to Send" (T105) is on. An additional option extends 
this clamp for 148 msec beyond T105 transitioning off, pro- 
viding echo protection. 


3) Receive Clock (T115) — This clock output can be clamped 
OFF when "'Carrier Detect’’ is off, thereby preventing any 
disturbances from propagating through the receiver to the 
receive clock output. 
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SYSTEM DESIGN 


The R24 modem modules provide the user with sufficient flexibility 
to implement a wide range of modem functional configurations. 
This flexibility is achieved by digital control at the module inter- 
faces. For a given application, such as a lease network V.26 
Alternative B modem (Bell 201B), the complexity of the user inter- 
face can be significantly reduced by strapping those data inter- 
face inputs which do not change. The modem interface can also 
be under software control. 


Figures 1 and 2 show the basic interface connections for the 
transmitter module (T) and the receiver modules (R1,R2). These 
diagrams are applicable for any operation mode of the modem- 
simplex, half-duplex, or full-duplex. 


COMMON MODEM DIGITAL 
CONTROLS 


V26A 


| 
S8GR 


45V «12V -12у СОМ 
NSYNC 
| CLAMP 
ANALOG 
жамалы ы TRANSMITTER 


TRANSMITTER (T) DIGITAL CONTROLS 


TRANSMIT TFIL ОАС ОТ. 
LEVEL CONTROL 


TIN 
~ 1dBm 
- 3dBm 
— 5dBm 
– таВт 
– 9dBm 
– 11dBm 
~ 13dBm 
~ 15dBm 


DIGITAL 

` INTERCHANGE 
T103 

T105 

T106 

111 

1113 

1114 


Figure 1. Transmitter Interfaces 


«12V -12у COM о 
| 61| |62 


RECEIVER (R1) 


о!“ DIGITAL 
INTERCHANGE - 
T104 
T111 
T115 
COMMON MODEM 


DIGITAL CONTROLS 


RECEIVER 
DIGITAL 
CONTROLS 
R2WIAW 
ТН09 
PBS 
СРО4 
СР15 +5V +12\ -1а2м сом AGG 
FSYC OUT 


IANALOG DIAGNOSTICS 


Figure 2. Receiver Interconnection 


MODEM OPERATION — 
HALF OR FULL-DUPLEX 


Figure 3 indicates the module interconnections necessary for 
half-duplex operation. For full-duplex operation, the transmitter/ 
receiver interconnections are similar to the half-duplex case with 
the exception that “REC ІМ” is not connected to T2 or T1. In 
full-duplex operations, the transmission and receiver paths are 
independent. 
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As shown, a transformer is sufficient to connect directly to a 
leased line in the U.S. For the switched network, registered pro- 
tective circuitry or a data access arrangement (DAA) is generally 
required. Rockwell offers an FCC registered protective circuitry 
product to support this application. Requirements for line inter- 


face and protective circuitry vary internationally. 


TO LEASED LB DIAGNOSTICS 
LINE OR 

TO SWITCHED 
NETWORK 
PROTECTIVE 
‘CIRCUITRY 


RECEIVER 
CONTROL 


DATA (T104) 


TRANSMITTER 


TRANSMITTER (T) CONTROL 


OPTIONAL 


RESISTOR DATA (T103) 


Figure 3. Transmitter-Receiver Interconnection (Half 
Duplex) 


Secondary Channel — The modem modules provide the user 


_with all the interface connections needed to add an external 


secondary channel if required. This data transmission channel 
would operate at a lower rate, and in a different portion of the 
available bandwidth than the primary. Additional external receive 
filtering would also have to be added to allow simultaneous 
operation of the primary and secondary channels. 


Analog and Digital Loopback — To check out or diagnose the 
communication link, loopback testing is often performed. A test 
word is transmitted and “Чоореа” back to the originating DTE. 
Typical types of loopback tests are: | 


(1) LOCAL DIGITAL (3) REMOTE ANALOG 


REMOTE DIGITAL 


MODEM 
к 
Е 


(2) LOCAL ANALOG 


ТА RCVR 


(9 


XMIT 


COMMUNICATION 
CHANNEL 


DTE — Data Terminal Equipment 

The modem modules provide the user with all the necessary inter- 
faces connections to implement almost any loopback scheme 
desired. With a minimum amount of external circuitry, loopback 
testing can be controlled via a communications adapter/software 
approach or manually. For local analog, remote analog and 
remote digital loopback, the V.27 scrambler within the modem 
can be used to generate a 127-bit word. 
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INTERFACE DESCRIPTION 


STANDARD DIGITAL INTERCHANGE 


Term 
(CCITT V.24 EIA RS232C. Module Interface 


Equivalent) Equivalent ^ Input — Output - Description 
T103 BA T-9 Transmitted Data 
T104 BB R2-5 Received Data 
T105 CA T-8 Request to Send 
T106 CB T-6 Ready for Sending 
(Clear to Send) 
T109 СЕ В1-4 R2-22 Data Channel Received Line 


Signal Detector (Carrier Detect) 


T111 CH T-12, Data Signalling Rate Selector 
R2-9 MORES 2400 bps or 1200 bps 
ode 


External Transmit Clock 
(Transmitted Signal Element 
Timing) 


Transmit Clock (Transmitted 
Signal Element Timing) 


Receive Clock (Receive Signal 
Element Timing) 


T113 DA T-7 


7114 DB T-10 


T115 DD R2-6 


ANALOG LINE INTERFACES 


Module Interface 


Term nput utpu Description 
RECIN 81-12 Analog Line Signal Input (Receive Filter 
Input) 
T1 T-1 Low Impedance Transmitter Output 
T2 T-2 Standard Transmitter Output 600 ohms 


Impedance 


COMMON MODEM DIGITAL CONTROLS 
Module Interface 


Term nput utput Description 
У26А КЁК Selects V.26A or V.26B Dibit Encoding 
| [ 1-15 
НЕ Controls for Scramble Operation 
S8GR (А 
NSYNC Т-14 Controls T109 to Force Rapid 
R2-11 Resynchronization of the Receiver 
CLAMP Н2-10 Т-13  Implements Squelch for Carrier Detect 


(T109) 


TRANSMITTER DIGITAL CONTROLS 


Module Interface 


Term npu шри Description 
CAUTO T-3 Initiates Answer Tone 
TONA T.5 Indicates Completion of Transmission 
of Answer Tone 
` TBC T-4 Transmitter Baud Clock 
Z T-28 Input Forcing Transmit Clock (T114) to 
Phase and Frequency Lock to External 
Transmit Clock (T113) 
T2W/AW Т-11 Inputs Affecting Ready for Sending 
X T-24 Response Times, Answer Tone Frequency 
K 1-25 and Carrier Detect (T109) Squelch 
Y T-26 
ТС06 Т-27 
800М5 Т-29 
Е T-30 


2400 bps Integral Modem 


TRANSMITTER ANALOG CONTROLS 
Module Interface 


Term nput utput Description 
DAC OUT T-22 Output of Digital to Analog Converter 
TFIL T-23 Input to Low Pass Filter. DAC OUT is 
Normally Connected to TFIL Unless 
Additional Filtering oran Equalizer is to be 
Inserted. 
TIN T-31 These Nine Signals Implement the 
-1аВт Т-39 Transmitter Output Level Attenuator. One of 
— 3dBm T-38 the Signals – 1dBm,..., —15dBmis 
– 5dBm T-37 Strapped to TIN to Set the Desired Output 
- тавт T-36 Level. 
— 9dBm T-35 
– 11dBm T-34 
— 13dBm T-33 
— 15dBm T-32 


RECEIVER DIGITAL CONTROLS 


Module Interface 


Term Input Output Description 


RBCK В1-1 R2-25 Receiver Baud Clock 

RLSD R2-24  R1-2 | Control Signals to Generate Carrier Detect 

THRH В1-3 R2-23 г (7109) and Implement T109 Threshold Set 

R2W/AW  J R28 Select Function 

THOS R2-18 

ТС09 R2-15 Determines Carrier Detect (T109) Off-to-On 
Response 

PBS R2-16 Determines Carrier Detect (T109) On-to-Off 

Response 

СРО4 R2-17 Clamps Received Data (T104) to a mark 
or space when Carrier Detect (T109) is Off 

CP15 R2-19 Optional Clamping of Received Clock (T115) 

FSYC R2-20 Fast Sync Optional Fast Resynchronization 


Procedure 


RECEIVER DIGITAL DIAGNOSTICS 


Module Interface 


Term nput utput - Description 
SYC R2-1 Digital Outputs which Enable User to 
RCVDS R2-2 Generate Eye Pattern and Phase Error 
DCP R2-4 Information 
А В2-3 
РЕ R2-7 


RECEIVER ANALOG CONTROLS 


Module interface | 
Description 


Term npu Outpu 

RECOUT  R1-7 Receive Filter Ouput 
EQ IN R1-8 Equalizer Input 

EQ OUT R1-6 Equalizer Output 


RLSDIN  R1-5 
AGCIN Н2-21 


Carrier Detect Circuitry Input | 
Automatic Gain Control Circuitry Input 
R2-26 Automatic Gain Control Circuitry Output 


GAIN R1-10 | Optional Carrier Detect (T109) Threshold 
G1 R1-11 Selection Controls 
G2 R1-9 | 


IANALOG Н2-27 Sample and Hold Circuitry Input 
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MODEM PERFORMANCE 


The R24 is a high performance synchronous 2400 bps DPSK 
тодет, ш па a coherent demodulation technique to achieve 
reliable operation over the switched network or unconditioned 
lines. This section contains a quantitative discussion of the R24's 
typical performance under varying test conditions. 


Timing Jitter — The maximum steady state timing jitter of 
"receive сіоск” with respect to "transmit clock" is less than 10% 
p-p for an input signal-to-noise ratio of 12 dB. | 


Bit Error Rate — The following graph represents typical R24 
performance: 


ВІТ ERROR RATE 


SIGNAL TO NOISE RATIO (DB) 


1200 BPS, ВАСК-ТО-ВАСК, SCRAMBLER, МО EQUALIZER 

2400 BPS, V.26A OR B, BACK-TO-BACK, SCRAMBLER, NO EQUALIZER " 
2400 BPS, V.26A OR B, 150-150 HZ PHASE JITTER, NO SCRAMBLER, NO EQUALIZER 
2400 BPS, V.26A OR B, 30°-120 HZ PHASE JITTER, NO SCRAMBLER, NO EQUALIZER 
2400 PBS, V.26A OR B, 3002 UNCONDITIONED LINE, NO SCRAMBLER, EQUALIZER 


Typical Bit Rate Performance 


Phase Error — Phase error can be measured by using the 
modem’s output signals PE, SYC, and A. With an external test 
circuit, a numerical value can be derived to indicate the quality 
of received data. This numerical value can be directly correlated 
to bit error rate performance. The required test circuit can be 
implemented with discrete circuitry or in software within a 
microcomputer. 


Eye Pattern — By using the modems digital output signals 
RCVDC, SYC, and A along with an added test circuit, the user 
can generate an oscilloscope quadrature eye pattern. This pattern 
displays the received signal as a group of dots in the baseband 
signal plane; hence, it is a graphic representation of modem 
performance. 
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DISPERSION 
DUE TO GAIN 
ERRORS 


DISPERSION DUE 
TO PHASE ERRORS 


DISPERSION AROUND 
PROPER POSITION DUE 
TO COMBINATION OF 
RANDOM NOISE, PHASE 
ERROR, AND/OR GAIN 
ERROR. 


CIRCLE REPRESENTS 
PROPER POSITION OF 
HIGH QUALITY SIGNAL 


Typical Eye Pattern: 4 Phase-2400 bps-1200 Baud (V26A) 


Phase error and eye pattern can be extremely useful for modem 
acceptance testing, product evaluation, and observation of line 
signal quality under actual operation. 


ELECTRICAL CHARACTERISTICS 


POWER REQUIREMENTS 
| Махітит 
Voltage Ripple Current 
T +5 Мас +5% 100 mV р-р 38 тА 
+12 Мас +5% 50 mV р-р 
-12 Мас +5% 50 mV р-р 
R1 +12 Мас +5% 50 mV р-р 
-12 Мас +5% 50 mV р-р 
R2 +5 Мас +5% 
+12 Мас +5% 
Maximum total power consumption approximately 3 watts. 
Typical total power consumption approximately 2 watts. 


-12 Vdc +5% 


DIGITAL INTERFACE 
The R24 provides LS TTL or CMOS compatible logic levels that 
are functionally equivalent to EIA RS232/449 and CCITT V.24. 


Input 

Logic Allowed input Voltage Levels 
Low -12.0V to *0.8V Sinking «10 мА 
High +4.0V to +5.0V Sourcing «10 LA 


Digital inputs are directly CMOS compatible. Interfacing with 
standard TTL or low-power Schottky TTL requires an external 
pull-up resistor. 


Output | 
Logic Allowed Output Voltage Levels 
Low 0.0V to + 0.4V Sinking 0.36 mA 
High + 4.0V to + 5.0V Sourcing 100 vA 


Digital outputs are directly CMOS or low-power Schottky TTL 
compatible. 


R24 _ 


TRANSMISSION LINE INTERFACE 


The R24 provides an analog interface that must generally be 
transformer coupled to ensure normal telephone line isolation. 
Through appropriate selection of transformers and other inter- 
face circuitry, the R24 can be configured to operate on leased 
or dial-up telephone lines, or on other special private networks. 
For the dial-up interface, Rockwell offers ап РСС registered 
module that allows direct connection to this network. For the 
leased line interface, only transformers with characteristics 
similar to those utilized on the R24 modem evaluation board are 
required for this connection. 


. The receiver and transmitter line intérfaces are singie-ended 
‘(non-transformer coupled) Signals, with the following 
characteristics: 


| Transmitter Output (Normal) 


Output Impedance: 600 ohms +2% 
Maximum output level: <0.0 dBm 


Transmitter Output (Alternate) Low Impedance: 


Output Impedance: 0 ohms (op amp output) 
Maximum output level < +6.0 dB | 


Note: This output for transformer loss compensation. 
| | Receiver Input: 
Input Impedance: 15.8K ohms +1% 


Maximum Input Level: 0.0 dBm 


MECHANICAL SPECIFICATIONS 


.300 MAX. 
(COMPONENTS) 


2.75 £ .03 


(LEAD PROTECTION) 


NOTE: This cross-section 15 common to all modules. 
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-12V 18) 
* 12V (19) 
pM 120) 


М (21) 
DAC о 22 


22 (28) - 
800MS (29) 
Е (30) - 
ТІМ (31) 
-15dBm (32) 
-13dBm (33) 
:11dBm (34). 
© -даВт (35) 


> Лавт (39) 


4625 (.64) SQ. PIN 
. 39 PLACES © 


G2( 9) 
GAIN AN (10 l 
REC IN (12) 


(8) EO IN 
(7) REC OUT 
(6) EQ OUT 
(5) RLSD IN 
(4) T109 
(3) THRH 

T .(2)-RLSD 
(1) RBCK 


-12V (13) 
+12V (14) 
COM (15) 


.025 (.64) SQ. PIN 
15 PLACES 


Receiver — R1 Module Package 


.800 
(20.32) 


AGC IN (21) $- 
1109 (22) | 
ТНАН (23) 
8:50 (24) 
RBCK (25) 

АСС ОЧТ (26) 
IANALOG (27) 


(63.50) 3.530 
(89.66) 
МАХ. | 


‚БУ (28) 
СОМ (29) 
“12У (30) 
-12V (31). 


.025 (.64) 50. PIN 
31 PLACES 


Receiver — R2 Module Package 


NOTES: 1) Dimensions in inches (millimeters). 
2) Component side shown 
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PRINTED CIRCUIT BOARD MOUNTING 
OPTIONS FOR THE R24 MODULES | 


Three methods of mounting are commonly used. Each соо 
tion has certain distinct advantages. 


Mounting Type of Connection = 
Method or Connector Used 


Standard Flush | Wave Soldered Into Standard 
PCB Component | PCB ds 
Mount 


Basic 
Advantage 


Lowest Height 
| Profile 


Above Board 
Low Profile 
Socket 


Connectors (SAE Series 
3000 ог Methode Series 1000) 
These Sockets are Wave 
Soldered Into Standard | 
PCB Eyelets 


Plug-in Capa- 
| bility at Low 
Cost 


Connectors (АМР. Miniature | 
Spring Sockets.) 

Pin Sockets are Individually’ 
Soldered Into PCB Eyelets 


PCB Plug-in ^ 
Sockets (Bullets) | 


. Lowest Pro- 
| file for Plug-in 
Capability 


ENVIRONMENTAL SPECIFICATIONS: 


Operating temperature: 0°C to 60°C 

Storage temperature: -409С to +80°С. 

Relative humidity: to 95% (non-condensing) . 

Altitude: —200 to 10,000 feet (-6.1 meters to 3,049 meters) 
Burn- In: Эв hours at 70°С 


Ordering Information 


When ordering, specify products as follows: 


R24 — Set of 3 modules (T, R1, R2) 
R24MEB — Modem Evaluation Board 


d 
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R24 MODEM EVALUATION BOARD _ 


To facilitate evaluation and design-in of the R24 modem for new 
and existing equipment designs, an R24 Modem Evaluation 
Board (R24MEB) is available. The R24MEB can be easily com- 
bined with terminal Systems for real-time Del omnee 
evaluation. 


RECEIVER - 
TRANSMITTER 


R24 Modem Evaluation Board (R24MEB) | 


The Modem Evaluation Board is equipped with a standard 31 
pin edge connector, control switches, output level jumper, and 
interface transformers. These features allow full coritrol of the 
interface circuitry. In addition, this unit can be used directly in 
a U.S. leased line configuration. The R24MEB is recommended 
for all first-time users to assist in their evaluation. Complete 
documentation is supplied with each initial R24MEB. 


2% 


Rockwell 


и INTRODUCTION 


- То aid the user in the design phase of leased line modems: 


Rockwell has made available the R24 Modem Evaluation Board — . 


| (МЕВ). Тһе R24MEB is а convenient cost effective means for 
. evaluation and design-in of the R24 2400 bps Integral Modem. 


The Modem Evaluation Board is equipped with pin receptacles 
for mounting and interfacing the three R24 receiver and transmit- 
‘ter modules (R1, R2 and T). In addition to all interconnections 


being etched on the back of the board, the R24MEB also pro- 


_ vides telephone coupling transformers, transient protection cir- 


cuits, DIP switches (for option selection and gain control) and | 


а ПІР socket ог jumper selection of the transmitter output level. 
А 31-pin edge connector (with Industry standard 0.125 inch con- 
tact centers) provides pin-in/pin-out, as well as power connections 
for analog and digital interface signals. 


. These features allow full control of the modem interface circuitry. 
- Also, the complete R24 modem can be used directly in a U.S. 
leased line configuration. The R24MEB is recommended for all 
first-time users to assist in their evaluation. Complete docu men- 
| tation is supplied with each initial R24MEB. | 


_ R24MEB 
Integral Modems E 


 R24MEB - 


| MODEM EVALUATION BOARD. 


„ FEATURES 


Convenient evaluation method of R24 Integral. Modem 
modules 


Exercises all R24 Integral Modem features 


Easily integrated into a prorotype system 

Cost effective for low-volume applications 

Will serve ав incoming test vehicle | 

Standard board edge connector ` 

Pin receptacles for easy mounting/interfacing R24 modules 


(РВ; R2, Т). 

Complete option select Switches 

Transmitter output level strap selectable . . | 

· Backed by complete customer support documentation package 


С . R24MEB Modem Evaluation Board 


Document No. 29220N14 
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Product Summary No. 614 _ | | 


Rev. 1, August 1983 


Modem Evaluation Board 


OPTION 
SELECT 
SWITCHES - 
22222 63,54 


|воиди2Ен 
| CONTROL. 


.. SWITCH 


ат qe 
R24 | [1 
RECEIVER | 
INTERFACE : 


Шы ы A 


. R24 
RECEIVER 
INTERFACE 


b 


“SWITCH 
Rif 


INPUT | ex 
| TRANSFORMER | 
2: тъ 


INPUT/OUTPUT CONNECTOR (P1) 


DIGITAL | 
INTERFACE | 


ANALOG. 
RECEIVER 
INPUT 


INPUT — 
POWER _ 


| | | KU R24MEB Functional Diagram 
ORDERING INFORMATION mE ші 
When ordering, specify products as follows: 


R24MEB — Modem Evaluation Board 
R24 — Set of 3 modules (T, R1, R2) 
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‚ TRANSMITTER 
INTERFACE ! 


TRANSMIT 

| LEVEL 
CONTROL 
NETWORK | 


IMPEDANCE 
COUPLING 


R2. 
`+ RESISTOR 


~ OUTPUT 
TRANSFORMER 
T2 


ANALOG .. 
TRANSMITTER. 
OUTPUT 


. BOARD DIMENSIONS 
Width: 5.875 in. (14.923 cm) 
Depth: 6.813 in. (17.305 cm) 


RDAA 


Integral Modems 


RDAA 


ROCKWELL DATA ACCESS 


Rockwell 


ARRANGEMENT MODULE 


PRELIMINARY 
SECTION 1 — INTRODUCTION 


This document is an aide to customers installing, operating and 
troubleshooting the Rockwell Data Access Arrangement (RDAA) 
Module designed and manufactured by Rockwell International. 


THE RDAA MODULE 


The RDAA Module enables the modem user to make direct con- 
nections of their modems to the domestic switched telephone 
network. The RDAA is completely registered with the Federal 
Communications Commission under Rules Part 68. Therefore, 
no user re-registration of OEM data communication equipment 
is necessary when used with the RDAA. This means a definite 
cost-savings for the OEM equipment designer. 


In addition to establishing your desired data transmission path, 
` {һе RDAA also features an automatic answering function, line 
surge and hazardous voltage protection, switch hook status 
indication, ringing indication and automatic signal level control. 
Automatic dialing can be performed by pulsing the OH relay or 
by transmitting tone pairs. 


FEATURES 

e Pre-registered (under FCC Rules, Part 68) for direct connec- 
tion to dial telephone network 

Integral Data Access Arrangement (DAA) 
Automatic dialing—pulse or tone 
Establishes data transmission path 
Automatic answering function — 

Surge and hazardous voltage protection 
Switch hook status indication 

Ringing indication 

Automatic line signal output limiting 


Programmable or Permissive: (strap selectable) connection 
arrangements 


e Small size (approximately 3.95” by 3. Ра) ще тт. Бу 
100 тип.) 


ВОАА Модше 


Document No. 29220М49 
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Product Description Order No. 649 
August 1983 


ВОАА 


Rockwell Data Access Arrangement Module 


The RDAA is easily incorporated into the users end product by 


either using the provided mounting holes, and/or using the сага- 


guides without card-edge connector. The small size of the RDAA 
makes it ideal for piggyback type mounting. | 


The Rockwell RDAA printed circuit board is 3.94 inches (100 
mm.) in width and 3.94 inches (100 mm.) in depth. 


SELECTABLE CONFIGURATIONS 


As a prerequisite, telephone companies require that the signal 
level received at their local central office not exceed —12 dBm. 
Several different connection arrangements have been estab- 
lished (as documented in the FCC Rules, Part 68) to meet this 
requirement. 


By jumper selection (Figure 1) the RDAA can be configured to 
operate in either the Programmable (PG) or Permissive (PM) 
connection arrangement. This is accomplished by placing the 
jumper in either the W2 or W1 locations for the desired mode. 
W1 jumper in, W2 jumper out for the permissive mode. W2 
jumper in, W1 jumper out for the programmable mode. 


3.94 3.275 


Figure 1. RDAA Module Jumper Selection Location 


When using the Programmable connection arrangement, the 


maximum signal level allowed to be transmitted across Т and | 
R is set by a resistor installed by the telephone company in their - 


wall jack (RJ45S or RJ41S) at the customer location. The resistor 
interacts with the RDAA through the leads PR and PC to pro- 
gram the maximum output level in one dB steps between —12 
dBm and 0 dBm. Selection of the resistor from thirteen possible 
values is based on loop loss measurements performed by the 
telephone jack installer. The Programmable arrangement pro- 
vides for the transmission of the maximum allowable amount of 
power. Therefore, this arrangement offers optimum perfor- 
mance over long loops. 


10-112 


When the Permissive connection arrangement is employed, the 
maximum signal output level across T and R is fixed at —9 dBrn. 
The Permissive jacks (RJ11C) used for те connections are the 
same jacks used for standard voice installations. Therefore, this 
arrangement provides for greater mobility of user equipment. 


RDAA DIMENSIONS 


The dimensions for the RDAA Module are given in Figure 2. 


MATING CONNECTORS 
The mating connectors of the RDAA are as follows: 


1. Two row (14 pins) ribbon type connectors .1" spacing between 
pins. 


Figure 2 RDAA Module Dimensions 


_ ВРАА 
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SECTION 2 — INTERFACE DESCRIPTION 
INTERFACE CIRCUIT DESCRIPTION 


The following paragraphs describe in detail the RDAA interface 
circuits shown in the block diagram (Figure 3) and the interface 


circuits listing (Table 2-1). 


Lead Designation 


+5V, +12V, -12У 


Signal ground required. | | | 
(X Ringing signal present indication. 
To request data transmission path cut through. 
X | | | 
Х 
Ж | 


600 OHM TRANSMIT 


BUFFER 
= sun 


IVE 
BUFFER 
OH HAZARDOUS 
RELAY VOLTAGE 


CONTROL PROTECTION 


| RING SIGNAL 
DETECTOR AND LEVEL 
BUFFER LIMITER 


CUT. THROUGH 
CONTROL 


Figure 3. RDAA Functional Block Diagram 


Table 2-1. RDAA Interface Circuits 


| Signal Direction To: | 


Transmission leads for data signals. 
Leads to telephone set switch hook. 
Leads to programming resistor. 


To control Off-Hook relay. 

Status of telephone set switch hook. 
Transmission path cut through indication. 
Lead to modem output. | 

Lead to modem input. 
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RDAA 


Rockwell Data Access Arrangement Module 


SG Ж 
The SG (Signal Ground) is the common reference for all modem 
interface signals. 


RD/ 


RD/ (Ring Detect) indicates to the user by an ON (Low) condi- 
tion that a ringing signal is present. The RD/ signal will not 
respond to momentary bursts of ringing less than 125 ms in dura- 
tion, orto less than 40V rms, 15 to 68 Hz appearing across Tip 
and Ring with respect to ground. RD/ is also used to disable 
the transmission path. The electrical characteristics of the RD/ 
signal are shown in Table 2-2. 


Table 2-2. Output Signals RD/ 
SH and CCT/ Characteristics 


Output | | 
| Logic State Output Levels 


0.0 to 0.4V while sinking < 1.6 ma 
2.4 to 5.0V while sourcing < 40 мА 


| LOW 
HIGH 


RCCT: 


RCCT (Request Coupler Cut-Through) is used to request that 
à data transmission path through the RDAA be connected to 
the telephone line. When RCCT goes OFF (Low), the cut-through 
buffers are disabled and CCT will go OFF (High) within 1 millisec- 
ond. RCCT must be OFF (Low) during dial pulsing but ON (High) 
for tone address signaling. The electrical characteristics of the 
RCCT signal are shown in Table 2-3. 


Table 2-3. Input Signals RCCT and OH Characteristics. 


Input _ | 
Logic State . Input Levels 


OFF or LOW 0.0 to 0.8V, load current = 0.36 ma 
ON or HIGH RCCT = 2.0 to 5.0V, load current < 20 ма 

OH = 2.0V, load current « 100 да 
5.0V, load current = 250 wa 


OH 


OH controls the OFF-HOOK relay. Applying an ON (High) signal 
to OH closes the OH relay and establishes a DC path between 
T and R. Maximum delay between the ON signal to OH and the 
close of the OH relay is 10 ms. When originating a call, an ON 
(High) signal is used to request dial tone. After detecting dial 
tone, OH can be pulsed to generate the dial pulses corre- 
sponding to the number of the called station (see Section 4.2). 
On incoming calls, an.ON (High) signal to the OH lead initiates 
the answering sequence (see Section 4.1). The characteristics 
of the OH signal is shown in Table 2-3. 
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NOTE 


WARNING. If OH is asserted to a logic high before the 
incoming call ring signal is completed, the OH reed relay 
switch contacts таў suffer degradation. 


SH 


An ON (High) signal on the SH lead indicates to the user that 
the associated telephone (if used) is in the talk mode i.e., a con- 
tact closure exists between MI and MIC. The characteristics of 
the SH signal are shown in Table 2-2. 


CCT/ 


ССТ/ is the свине Cut Through. An ON (Low) signal to the 
CCT/ lead indicates to the user that the data transmission path 
through the АРАА is connected. The ON (Low) state does not | 
indicate the status of the telephone line or connection. The 
characteristics of the CCT/ signal are shown in Table 2-2. 


TXA 
TXA (Transmit Analog) is the lead from modem transmitter out- 


put. This lead should be tied to GND when the modem is in the 
receive only mode. 


RXA 


RXA (Receive Analog) is the lead to modem receiver input. This 
lead may be left open when the modem is in the transmit-only 
mode. 


POWER REQUIREMENTS 


The following power must be provided at the RDAA interface. 


A. +12 УОС +5% Q 15 ma with a maximum ripple of 50 mv 
peak-to-peak 


+5 VDC +5% @ 20 ma with a maximum ripple of 100 mv 
peak-to-peak 


. —12 VDC = 5% @ 15 ma with a maximum ripple of 50 mv 
peak-to-peak. 


HAZARDOUS VOLTAGE PROTECTION 


Lightning induced surge voltages and other hazardous voltages 
are limited to 10.0 volts peak between the secondary leads of 
the coupling transformer T1. The isolation between the relay 
contacts and coils provides the protection of the telephone line 
from hazardous voltages appearing on any control lead. 


RDAA · 
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RING DETECTOR AND TIMER 


When the Ring Detector detects the presence of a ringing signal _ 


ranging from 15.3 to 68 Hz with voltage levels of 40 to 150 VRMS 
across Tip and Ring (T and R) leads, after a delay of. 125 ms 
to.500 ms, it will send an RD/ (Ring Detect) signal to the user's 


data terminal equipment (DTE). If the DTE is conditioned for _ 


answering, the DTE will return an ON signal on OH and RCCT. 
. The OH signal closes the OH relay and starts a timer. The timer 
is used to provide a quiet interval of more than two seconds 
between the closing of OH relay and the connection of data 
transmission path. This allows the telephone company to prop- 
erly engage their billing equipment. After this delay the CCT/ 
interface lead goes ON (Low) and data transmission may begin. 


RD/ will go OFF (High) in less than 400 MSEC after the ringing 
signal is stopped. The ring detector is disabled when OH is ON 
(High) or SH is ON (High). 


SIGNAL LEVEL LIMITER AND GAIN 
CONTROL CIRCUITRY 


- The limiter monitors the signal level applied to the RDAA input 
lead TXA and is unaffected by the level of receive signal. When 
the applied signal amplitude becomes greater than -- 7 dBm for 
’ а period of 1.3 to 3 seconds, the transmission path is discon- 
nected via the transmit and receive buffers, and the output signal 
_ CCT/ will go OFF (High). 


NOTE 


_ The off-hook relay is not affected by the limiting function, 
.^' therefore, so triggering the limiting function need net result 
in сан termination. 


Reducing the input signal amplitude to less than +7 dBm will 


_ reset the limiter in less than 4 milliseconds, restore the даа 
: transmission path. and cause the signal CCT to go ON (Low). 


In order not to activate the limiter during normal operation, care 
must be taken to ensure that the maximum signal amplitude into 
the RDAA input TXA never exceeds +6 dBm. If the modem 
‚ output has a tolerance of + 1 dB, then it is recommended to set 
. the modem output to +5 dBm (+ 1 dB), so that the maximum 
signal amplitude into TXA is 6 dBm. 


Off-Hook DC: 
TXA and GND: 


RXA and GND: 


- _ The output control circuitry contains a variable gain | buffer which 
reduces the RDAA output to the maximum allowed level across 


T and R. When the RDAA is jumpered to operate in the Pro- 
grammable mode, the resistor in the telephone company wall 
jack sets the output level to one of thirteen possible values. If 
the RDAA is jumpered to operate in the Permissive mode, then 
an internal resistor will set the output to a fixed value. The rela- 
tionship between the RDAA input amplitude (in dBm) across 
TXA and GND and the nominal RDAA ME level across T and 
R is given below: 


A. For Programmable mode: output level across T and R = 
(input amplitude at TXA — 7 dB + (Programmed бө! set by 
wall jack resistor). 


B. For Permissive mode: output level across TandR = 
amplitude at TXA) – 16 dB. 


(input 


IMPEDANCE SPECIFICATIONS 


On-Hook DC: The DC resistance between T and R, 
and between either T or R and signal 
ground are greater than 10 megohms 


| - for DC voltages up to 100 volts. 
On-Hook AC: The on-hook AC impedance | 
| measured between T and А is less. , 


than 40K ohms (15.3 Hz minimum). 
Less than 100 ohms. 


Off-Hook AC: 600 ohms nominal when measured - 


between T and R. 


2 megohms typical (operational 
amplifier voltage follower input - 
impedance). 


75 ohms typical (operational amplifier . 
voltage follower output impedance). 


INSERTION LOSS 


There is no insertion loss for the RDAA. The RDAA c contains a 
receive buffer which compensates for transformer insertion loss. 


For this reason, additional гесеіуе Ші: is not ПРСА ~ 


RDAA 


_ВОАА CONNECTION TO TELEPHONE LINE 


Connection of the telephone line interface pins of the RDAA to 
the network shall be made via standard jacks and plugs as 
| shown in Figure 4. Cable color codes are also shown in Figure 
4. A number of telephone line cord. manufacturers produce the 
standard plugs and cables (Meyer Wire Co., Hamden, CT; Vir- 
ginia Plastics, Roanoke, VA, etc.) | 


"STANDARD ` STANDARD 
PLUG o CABLE 


= 
аш, 


: STANDARD р STANDARD RDAA PERMISSIVE 
PLUG _ CABLE MODE 


RJATS IS А UNIVERSAL JACK WHICH 
CAN BE UTILIZED WITH EITHER 

‚ THEPROGRAMMABLE MODE OR 
FIXED- Loss LOOP (FLL) MODE 


Figure 4. Standard Jacks, Plugs and Cable Color Codes 


Rockwell Data Access Arrangement. Module 


„ SECTION 3 — INSTALLATION/CHECKOUT _ 


. voice transfer (refer to paragraph 4.4 for: manual origination pro- 
-cedure). А call may be terminated by replacing the handset in 


RDAA PROGRAMMABLE 
MODE pe 


gredi 


EFFERRE 


TELEPHONE SET AND JACK 
ORDERING. INFORMATION 


If it is desirable to have manual call origination.or ент voice 
capability, an exclusion key telephone set may be ordered from 
a local telephone company. The telephone line may be trans- 
ferred to the telephone set by lifting both the.handset and the 
exclusion key, if the telephone is configured as Data Set Con- 
trols: Line. This operation is for manual origination or alternate 


its cradle and taking OH low if OH is not already low. 


TO JACK 
SUCH AS 
RJ36X 
SHOWN ON 
FIGURE 3-2. 


5 
MINIATURE 1 


GPOSITION | А 2 
жек 


UPC Hp ыу 


MINIATURE 
‘6 РОЅІТІОМ | 
PLUG 


ГАЛА | 


77111 


6 POSITION . 
MINIATURE PLUG 


6 POSITION 
MINIATURE PLUG 
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The ringer of the telephone set may be disconnected by the 
telephone company to prevent the bell from ringing. 


“Тһе telephone company provides an exclusion key telephone 
under the Universal Service Order Code (USOC) RTC. This tel- 
ephone set has the following customer options: 

. A1 - Telephone set controls line 

. A2 - Data set controls line 

. B3 - Aural monitoring not provided 

. B4 - Aural monitoring provided (See Note 1) 

. C5 - Touch tone dial 

. C6 - Rotary dial 

. D7 - Switch hook indication 


тотпооов > 


‚ 08 - Voice mode indication only (See Моје 2) 


NOTES 


1. The aural monitoring feature allows the telephone 
handset to be used for listening to line signals without 
interfering with data transmission. 


. In this option the make contact of the exclusion key and 
a make contact on the switchhook are connected in 
series and to the mode indication leads MI and MIC of 
the data jack. Therefore, the SH signal of the RDAA 
goes ON only when the exclusion key is lifted. 


Table 3-1. 


Programmable With 


Telephone Set 


АМОЭ5О 
67943 
ОР-Е 
АМОЭ5О 
67943 
ОР-Е 
AMQ9SQ 
67943 
DP-E 
AMQ9SQ 
67943 
DP-E 


Without 
Telephone Set 


Permissive With 


Telephone Set 


Without — 
Telephone Set 


Notes: 


Rockwell Data Access Arrangement Module 


. When ordering this telephone, specify the USOC number RTC 


and the following options: 


B. 


A. A2 - Data set controls line 
B3 - Аша! monitoring not provided 
ог | 


B4 - Aural monitoring provided 


. C5 - Touch tone dial telephone (5030) 
or 
C6 - Rotary dial telephone (2503C) 


D. 08 - Voice mode indication only 


Another telephone set provided by the telephone company is 
the Model 502 with exclusion key. To order this telephone set, 
specify the following: 


A. Modem 502 with exclusion key 
B. Data set controls line 
A summary of the information for ordering telephone and jacks 


is given in Table 3-1. Examples of typical installation are given 
in Figure 3-2. 


Telephones and Jacks Ordering Information 


| Output Optional FCC Ringer Telephone Jack Telephone Set 
Configuration Telephone Set Reg. No. — USOC No. USOC No. 


1RJ36X and 
?-3RJ45S 


RTC or 502 
with exclusion key 


?-3RJA5S N.A. 


'RJ36X and RJ16X 
‘or 
.^RJA2X and RJ11C 

вис “| 


АТС ог 502 
with exclusion key · 


N.A, . 


1. RJ36X is ап 8 position miniature jack into WR: the telephone plugs. Rather than using an RJ36X jack, the telephone company may use a 
connecting block to connect the telephone set and data jack to the telephone line. 


. ВЈА15 is a universal data jack. It may be used for either Programmable or Fixed-Loss Loop mode. Тһе RJ458 jack is preferred, because it 


costs less. 


. For multiple connections, the RJ45M jack should be order: The letter M ааа multiple single line РИ for up to 8 lines. Specify the numer 


of lines required when ordering. 


. RJA2X is the adapter shown in Figure 3-1. The use of the RJ36X and RJ16X jacks i is recommended. 
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RDAA. 2. .. Rockwell Data Access Arrangement Module 


TO DTE 


|. OH RCCT RD/ SH CCT/ 


STANDARD 
MINIATURE 


TO NETWORK 


. OUTPUT 


NETWORK 


TRANSFORMER 


RTC 
OPTIONED FOR DATA SET 
CONTROL OF THE LINE 


- MI AND MIC ARE REQUIRED ONLY IF HANDSET IS USED. 

. PR AND PC ARE REQUIRED FOR PROGRAMMABLE MODE ONLY. 

. STANDARD TELEPHONE CO. PROVIDED JACK RJ16X, RJ45S ОН RJ41S. 

. RJ36X OR CONNECTING BLOCK IS REQUIRED ONLY IF TELEPHONE HANDSET IS USED. WHEN THE ВОДА 
IS IN THE PERMISSIVE MODE, THE RJA2X ADAPTER AND RJ11C OF FIGURE 4 MAY BE USED WITH THE 


ASSOCIATED TELEPHONE SET. 


Figure 5. Transmit and Receive (Half Duplex) and (Full Duplex) 


MODEM INTERFACE 


There are 4 possible Нива то: modes of operation. configura- 
tions: receive-only, transmit-only, and receive and transmit (half 
duplex) and full- -duplex (using two different ЛЕО simul- 
taneously) as described below: P xu 


A. For the hàif-duplex and full-duplex configurations, the inter- 
face connection circuitry could be as shown in Figure 5. | 


B. For the receive-only configuration, the connection circuitry is 


| the same as that shown in Figure 5, except that the RDAA 


input lead TXA is grounded rather than connected to ne 


modem transmitter output. 
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C. For the transmit-only configuration, the RDAA lead RXA is 
left ореп rather than connected to the modem receiver as 
shown in Figure 5. | 


For а 4-wire full- -duplex configuration, 2 RDAA: modules and 2 


telephone lines are required. The connection circuitry consists | 


of one 2-wire receive-only connection, and one 2-wire transmit- 
only connection. | 


RDAA 


Rockwell Data Access Arrangement Module 


MODULE MOUNTING AND SECURING 


Тһе RDAA тау be physically incorporated into the OEM's end 
product by using the four corner (0.156 inch diameter) mounting 
holes and self-locking plastic standoffs, or by bolting the RDAA 
module to a rigid structure. The RDAA module may also be 
mounted using card guides without card edge connector. 


A number of manufacturers such as Richlock Corporation, Chi- 
cago, IL., produce plastic standoffs (Part Number CBS-3N). 


ELECTRICAL INTERFACE 


Electrical connection to the RDAA module is made through 
ribbon type connectors. The connector(s) interface pins (Figure 
2) are contained on the component side of the board. There are 
two test points brought out to the interface connector of the 
board. Therefore care must be taken to prevent shorting test 
points with any of the other interface signals. 


The RDAA telephone line interface connector pins are physically 
separated from the RDAA DTE interface connector pins, as 
shown in Figure 2 and described in Table 3-2. 


Table 3-2. RDAA Telephone and 
Modem Interface 
RDAA 


Connectors/ 
Pin No. 


Type 
Interface 
Circuit 


Interface 
Circuit/Signal 


DTE 
Interface 


Connections TP2 EXCESSIVE 


POWER DETECT 
+12V 
+5V 
N/U 
TP1 BILLING 
DELAY TIME 


PC 
PR 
MIC 


P1-4 
P1-3 
Р1-1 
Р1-2 МІ 
Р1-(5-8) & (11-12) (Not Used) 
P1-9, 10 R 
P1-13, 14 T 


Telephone 
Line 
Interface 
Connections 
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Care must be taken in routing the telephone interface pins to 
the telephone jack. The FCC (Rules, Part 68) requires that the 
telephone interface leads shall be separated from the leads or 
metallic paths connecting to power connections. 


NOTE 


Power connections are those connections between com- 
mercial power and any transformer, power supply rectifier, 
converter, or other circuitry associated with the RDAA. 
The connection of the interface pins (including the = 12V 
and +5V) shown in Figure 2 are not power connections. 


The telephone interface leads shall not be routed in the same 
cable (or use the same connector) as leads or metallic paths 
connecting to commercial power. 


FCC (Rules, Part 68) also requires that the telephone leads T 
and R be separated from metallic paths to leads connecting to 
non-registered equipment, when specification details provided 
to FCC do not show that the interface voltages are less than 
non-hazardous voltage source limits in Part 68. T and R shall 
not be routed in the same cable (or use adjacent pins on the 
same connector) as metallic paths to leads which are not con- 
sidered non-hazardous. All DTE interface connector signals 
shown in Table 3-2 have been established as non-hazardous. 


Therefore, in routing the telephone interface leads from the 
RDAA P1 connector to the telephone jack, the following pre- 
cautions must be strictly adhered to. The telephone jack inter- 
face routing path should be as direct as possible. Any cable 
used in establishing this path should contain no signal leads 
other than possibly the (previously established as non-haz- 
ardous) DTE interface signals shown in Table 3-2. Any con- 
nector used in establishing this path should contain no 
commercial power source signal leads, and adjacent pins to the 
T and R (Tip and Ring) pins in any such connector should not 
be utilized by any signals other than possibly those shown in 
Table 3-2. Also the DTE interface routing path should be made 
as short as possible. 


INSTALLATION PROCEDURE 


A. Check the telephone line interface cable(s) plug(s) and jack(s) 
(Figure 4). If the USOC RJ41S jack is used for the Program- 
mable mode, ensure that the jumper W2 is installed and W1 
jumper is removed for the programmable mode of operation. 


. Make sure the telephone company installer has measured 
the loop loss correctly and has selected the proper program- 
ming resistor in the RJ45S ог RJ41S jack. 


NOTE 


You have the right to know the method used by the 
installer for measuring loop loss and selecting the pro- 
gramming resistor. 


RDAA 
C. 


D. 


Check the power supplies to see if they meet the proper 
requirements specified in paragraph 2.2. 


Insert the telephone cable plug into the jack, and make the 
DTE interface connection. Then switch on the power supplies. 


OPERATIONAL CHECKOUT PROCEDURE 


The following procedures check out the RDAA in association 
with a modem, a data terminal, a telephone set and an auto- 
matic dialer. The telephone set is required only in the manual 
origination mode (refer to paragraph 4.4) or if alternate voice 
communication is desired. The automatic dialer is required only 
in the automatic dial mode (refer to paragraph 4.3). 


AUTOMATIC ANSWER MODE 


A. 
B. Call the local modem from a remote station. 

C. 

D. Transmit data from the local terminal to the remote terminal 


E. 


D. 


Set the modem transmitted output level to +5 dBm. 


Follow the instructions given in Figure 6. 


and monitor the CCT/ signal. It should stay low. 
Terminate the call sequence and verify the received data. 


_ AUTOMATIC ORIGINATE MODE 
A. 
B. 


Set the modem transmitted output level to +5 dBm. 


Follow the procedure of Figure 8 for touch tone origination 


_ or Figure 7 for pulse dial origination. 
C. 


Transmit data from the local terminal and monitor the CCT/ 
signal. It should stay low. 


Terminate the call sequence and verify the received data. 


MANUAL OPERATION MODE 


A. 
B. 
C. 
D. 


Set the modem transmitted output level to +5 dBm. 
Follow the instructions given in paragraph 4.4. 
Transmit data from the local terminal. CCT should stay low. 


Terminate the call sequence and verify the received data. 


SPECIAL INSTRUCTIONS TO USER 


Your Rockwell Data Access Arrangement has been registered 
with the Federal Communications Commission (FCC). To comply 
with the FCC regulations you are requested to observe the 
. following: 
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А. 


Rockwell Data Access Arrangement Module- 


All direct connections to the telephone lines shall be made 
through standard plugs and jacks as specified in Figure 4 
and Table 3-1. | 


. It is prohibited to connect the RDAA to pay telephones or 


party lines... 


. You are required to notify the local telephone company of 


the connection or disconnection of the RDAA, the make, the 
modem number, the FCC registration number, the ringer 
equivalence number (refer to Table 3-1) and the particular 
line to which the connection is made. If the proper jacks аге | 
not available, you must order the type of jacks to be used 
from the telephone company. (Refer to Table 3-1 for the 
proper jacks and telephones.) 


. You should disconnect the RDAA from the telephone line if 


it appears to be malfunctioning. If the RDAA needs repair, 
return it to Rockwell International. This applies to equipment 
both in and out of warranty. Do not attempt to repair the unit 
as this will violate the FCC rules. 


. The RDAA contains protective circuitry to prevent harmful 


voltages being transmitted to the telephone network. If how- 
ever, such harmful voltages do occur, then the telephone 
company has the right to temporarily discontinue your ser- 
vice. In this case, the telephone company shall: 


1. Promptly notify you of the discontinuance. 


2. Afford you the opportunity to correct the situation that 
caused the discontinuance. 


3. Inform you of your right to bring a complaint to the FCC 
concerning the discontinuance. 


. The telephone company also has the right to make changes . 


in their facilities and services which may affect the operation. 
of your equipment. However, you shall be given notice in 
writing by the telephone company adequate to allow you to 
maintain uninterrupted service. 


G. Labeling Requirements: 


1. The FCC requires that the following label be prominently 
displayed on an outside surface of the OEM's end product: 


Unit contains Registered Protective Circuitry 
which complies with Part 68 FCC Rules 


FCC Registration Number: 


Ringer Equivalence: .8B 


2. The size of the labe! should be such that all the required 
information is legible without magnification. 


.RDAA 


“Rockwell Data Access Arrangement Module 


SECTION 4 — OPERATING INSTRUCTIONS © 


AUTOMATIC AN SWER 


| The connection of the data transmission path for automatic 
answer is as described in paragraph 2.4. To disconnect the data 
transmission path, just turn off OH and/or DA, as shown in 
Figure 6. и + 


IDLE 


"она RCCT-ON. _ 


2-SECOND MINIMUM DELAY 


E ON 


mE: TONE 


| С DATA T M 
| *OH & RCCT - OFF 
| ССТ/ - OFF 


IDLE 


*DA MAY BE ON PERMANENTLY FOR AUTOMATIC ANSWER. 


| Figure 6. Automatic Answering Sequence 


AUTOMATIC DIAL 


DIAL PULSE ORIGINATION 


The DTE must provide the logic to turn ON the OH and DA 
leads, detect dial tone (or time for 3 seconds to ensure dia! tone 
present), then turn OFF the DA lead and generate the dial 
pulses corresponding to the called number (Figure 7). The 
2-second delay period between OH and DA going ON and the 
response of CCT going ON will not be invoked іп the-origination 
mode. The DTE should monitor for call progress indication (dial 
tone, busy tone, answer tone, and call intercept). 


Requirements for proper call establishment exist on the pulse 
repetition rate (8 to 11 pulses. per second), off duty cycle 
(60 percent nominal), тега дна! delay timing (600 ms to 
_ 2 seconds) and chatter and spurious makes and breaks. The 
RDAA off-hook relay is a Reed relay designed to long life. Bell 
System requirements for. pulse and touch-tone dialing are 
described in their Communications reference "Electrical 
| Characteristics of Bell System Network Facilities at the Inter- 


IDLE 


OH & RCCT - ON 
CCT/ - ON 


DETECT DIAL ТОМЕ! 


ВССТ - OFF2 


ССТ/ - ОҒЕЗ 
“он € FOR NO. 


НН. ОМ: 


ССТ/ - = 


DETECT ile Tone* 
DATA TRANSMISSION 


она aay "OFF 
A OFF 


A 

NOTES: | 

1. DIAL ТОМЕ DETECTION IS NOT PROVIDED WITHIN THE RDAA. 
ALTERNATIVELY, DTE MAY START FROM,IDLE, TURN ON ОН, 
THEN TIME FOR 3 SECONDS TO ENSURE DIAL TONE PRESENT 
AND PULSE OH FOR NUMBER. 

2. DA MUST BE OFF DURING DIAL PULSING. DA MAY BE ON AT 
ALL OTHER TIMES. 

3. THE DA TO CCT RESPONSE TIME IS: LESS THAN 1 MS. 

4. ANSWER TONE DETECTION CIRCUITRY IS NOT PROVIDED 
WITHIN THE RDAA. 


Figure 7. Dial Pulse Origination Sequence 


face with Voiceband Ancillary and Data Equipment" 
(PUB 47001). 


The following is ап example for pulse dialing the digit #2 through 
„ће OH lead. 


*5V/MAKE 


OV/BREAK 


INTERDIGITAL 
INTERVAL 
600ms TO 2 SEC 


ON-HOOK OFF-HOOK 
г | : 100ms — 100ms 


| Rockwell Data Access Arrangement Module 


Тһе OH lead сап Бе. pulsed directly via microprocessor port, ог _ 


a commercially available "binary to dial pulse" LSI device such 
as the Rockwell CRC 8000, the General Instrument AY-5-9151 


series, or the Motorola MC 14408. These devices can accept. 


4-bit binary digital inputs, buffer these digits, and output the OH 
dial pulses upon command. Also available from numerous 
semiconductor manufacturers (National, Mostek, General 


Instrument, Motorola, etc.) are LSI devices capable of inter- 


facing directly to a key board and producing suitable dial pulses. 


TOUCH-TONE ORIGINATION 


E (nominal). 


. The user' $ terminal must provide the logic to turn ON the ОН. 
.and RCCT signals, detect the dial tone (or time for 3 seconds 


to ensure dial tone. present) and transmit the tone-address 
signals via the TXA lead (Figure 8). The 2-second delay period 
between ОН апа RCCT going ON and CCT/ going ON is not 
invoked in the origination mode. The DTE should monitor for 
call progress indications (dial fone, busy tone, answer tone, and 
са! pin | 


It should be noted that tone address signaling method is sig- 
nificantly more complicated in terms of hardware requirements 
‚ than simple pulse dialing..The necessary tone pair generators 
must be added by the usér. A number of semiconductor man- 
ufacturers produce monolithic. LSI tone generators (AMI, Mostek, 
Motorola, National, General Instrument, Intersil, etc.). These 
tone pair generators are designed to interface with keyboards 
or digital ports and may require varying degrees of additional 


low pass filtering to reduce harmonic distortion. Touch-tone - 


dialing ! is significantly faster than pulse dialing, but it may not be 
available in some locations. 


IDLE — 


*ОН & РА - ОМ 


**DETECT DIAL TONE 


TRANSMIT ТОМЕ 
ADDRESS SIGNALS 


: DATA TRANSMISSION 


m 
| CCT - ОБЕ 


IDLE 


> > о D 


*ОА МАУ ВЕ PERMANENTLY ON, 


**ALTERNATIVELY, USER MAY TIME FOR 3 SECONDS TO 
ENSURE DIAL TONE PRESENT. 


*** ANSWER TONE DETECTION CIRCUITRY IS NOT PROVIDED 
WITHIN THE RDAA. 


Figure 8. Touch-Tone Origination Sequence 


Bell System requirements exist on minimum and maximum tone 
pair transmit power for proper call address signaling. When the 


. RDAA is in the programmable mode, the gain of the RDAA 
. transmit leg is set by a programming resistor in the telephone 


jack (over thirteen possible values). This makes establishment 
of the tone pair signal level to be input to the RDAA (at TXA) 
which meets the Bell System requirements difficult. It is there- 
fore necessary to operate the RDAA in the Permissive mode for 


.touch-tone origination. In this event the proper input power level 


(per frequency pair) to the RDAA (at TXA) would be + 15 dBM 
This level is well above the RDAA automatic 
limiter threshold. But the RDAA limiter activates (cuts off trans- 
mission. path) only if threshold power level is continuously 
exceeded for about one second minimum, and quickly resets . 
itself if the power level. drops below threshold. If the tone pair 


duration time is restricted to significantly under one second (the 


minimum duration requirement is only 50 milliseconds) and the 
minimum  interdigital time requirement (45 milliseconds) is 
observed, the limiter will not be activated. These requirements 
are easily met if the tone pair generation is under logic control. 
If the generation is controlled via.keyboard input, the. limiter will 


be activated if a key is depressed and held for more than a 


second, but will recover during the interval between key clo- 
sures. However, the possibility exists that transients occurring 
at limiter. activation and resetting may А ргорег са! 
в ra 


AUTOMATIC CALLING UNIT 


Automatic dialing capability may also be added to a data trans- ` 
mission system simply by purchasing or leasing a separate box 
termed an “Automatic Calling Unit” (ACU). Such units are avail- 


_ able from a variety of manufacturers. ACU's are available uti- 


lizing pulse or tone dialing. Connections of ACU to the data 
transmission system may be different for different ACUs. The 
standard protocol involved in interfacing between the user's 
data terminal equipment and an ACU is documented in CCITT 
Recommendation V.25 and also in EIA Standard Р5-366. 
"Interface Between Data Terminal Equipment. and Automatic 
Calling Equipment for Data Communication." It should be re- 
emphasized that a separate ACU is not necessarily required for 
automatic dial capability. The RDAA and Some external. hard- 
ware and/or software (as еш described) сап suffice. 


MAN UAL ORIGINATION 


For manual origination a telephone set with an exclusion key 
must be ordered from the local telephone company (refer to 
Table 3-1). After lifting both the handset and the exclusion key, 
a call may be originated or answered in the same manner as 


normal.telephone service. When the handset and the exclusion 


key are lifted (MI is shorted to MIC), the signal SH is turned ON. 
If the user's data terminal is ready, it may respond with OH and · 


_ RCCT. The RDAA will then turn ON the CCT/ signal. When 
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answer tone is heard, the орегаюг replaces the handset in its 
cradle. the SH signal will go Low and the data transmission path 
is connected. When data transmission is completed, the terminal 
turns OFF the OH signal and returns to the idle state. 


.RDAA “Rockwell Data Access Arrangement Module 
. SECTION 5 — FAULT ISOLATION 


CUSTOMER REPAIR LIMITATIONS | FAULT ISOLATION 


Under the FCC Rules, no customer is authorized to repair an The fault isolation flow chart (Figure 9) has been prepared spe- 
RDAA module. In the event of an RDAA malfunction, return the cifically as an aid to the user for locating possible network and/ 
faulty RDAA to Rockwell International. It is recommended that or RDAA module malfunctions. 


the following fault isolation instructions provided in this section 
be performed prior to returning a suspected RDAA module. A 
periodic check of the DC power supplies is also recommended. 


CALL 
MODEM 


NO PHONE 
INSTALLED 
? 


YES 
NO NETWORK 
ов 
RDAA FAULT 


ROAA OR 
NETWORK 
FAULT 


NO MODEM INTER. 
FACE OR DTE/ 
MODEM FAULT 


vo 


« 
m 
ал 


НОАА 
FAULT 


Я 


< 
т 
Ф 


мо ANSWER 

TONE AT REMOTE 
STATION 
* 
ANSWER ves 


ON ТХА 
TRANSMIT DATA 


MODEM INTER- - 
FACE OR RDAA AS 
FAULT мо 


мо РНОМЕ 
INSTALLED 


z 
o 
E 
A 
m 
л 


SIGNAL 
NO 
LEVEL OVER 
LIMIT 
? 


$ 


| MODEM 
RDAA OK 


LIFT 
EXCLUSION 


х 
т 
| 


YES RDAA FAULT | 


| RDAAFAULT 


MODEM iNTER- 
FACE OR DTE/ 
MODEM FAULT 


Figure 9. RDAA Fault Isolation Flow Chart 
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_ SECTION 11 Е 
Т.А АМО ТА/СЕРТ PULSE CODE 
MODULATION PROTOCOL DEVICES 


| | Page 
Product Family Overview ........ UPPER ———— MEE guns. 42 
19040 ТРОН Memory: sciet ed aim при qi xta Е Re URS die езе еее 11-3 
R8050 Т-1 Serial Transmitter ............................... m .. 11-9 
R8060 T-1 Serial Receiver .............................................. ... 11-17 
R8070 T-1/CEPT Pulse Code Modulation Тгапзсемег........................... 11-23 


T-1 AND Т-1/СЕРТ РСМ . 
(PULSE CODE MODULATION) PROTOCOL DEVICES 
Meet AT&T and CCITT Standards _ 


Rockwell International is the first company producing LSI 
devices for supporting the commercial digital switched . 
network. The 24 or 32 та channels meet AT&T and 
CCITT standards. 

This means it is now possible to design T-1/CEPT 
systems using LSI instead of discrete devices. This results 
in a much lower parts count, lower power requirements, 
smaller size and significant cost reductions. It also means 
an increase in reliability. 

Using our LSI devices, the 24 or 32 channels of 64K bps 
information гапа signaling are multiplexed over a single pair 
of wires. All data are transmitted serially, along with framing 
bits, at 1.544 to 2.048M bps. At the receiving end frame, 
superframe, and channel synchronization is accomplished, 


| with signaling information outputted and the 24 or 32 


channels uniquely identifiable. 

с Transmission in digital format instead of analog has 
inherent ability to perfectly regenerate the signal even after 
noise in the phone network. The TTL compatible devices 


. operate from a single 5V power supply. 


For specialized memory for digital PBX and other 
telecommunication applications, tri-port memory devices 
are also available. These allow random read and sequential 
read simultaneously, and, allow addressing sequentially 
or randomly. They support either time or space division 
switching as well as elastic storage ӘРЕ солаи wen 
transmission and write speeds differ. 


Rockwell LSI Devices Provide— 
¢ Parts Count Reduction 
• Cabling Reduction 


• Cost Reduction 


e Increased Reliability 
• Increased Performance 
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2% 


Rockwell 


R8040 
Тл. PCM Devices 


R8040 


T-1 TRI-PORT MEMORY 


OVERVI EW 


The Tri-Port Td circuit is designed to function as an 
assembly point апа temporary storage area for 8-bit T-1 data. 
It provides 64 8-bit locations of on-chip random access memory 
which can be accessed via external addresses or internal 
sequential addressing. 


TRI-PORT MEMORY OPERATION 


The Tri-Port Memory device accepts 8-bit parallel input data on 
lines A through H. This data is stored in an internal memory loca- 
tion that is selected by either random address lines R01 through 
R32 or by the device's Sequential Address Counter. Write Select 
_ signal WSEL determines the source of the address; in the logic 
O.state, WSEL selects the random address, in the logic 1 state, 
WSEL selects the internal sequential address. 


The state of Write Enable signal WE determines whether or not 
the data on lines A through H will be written into memory. Data 


'will-only be written into memory when МЕ goes low (to a logic - 


0 state) and the address inputs have stabilized. 


The on-chip, six-bit Sequential Address Counter is a binary 
counter that increments on each positive transition of Sequen- 


· tial Clock (SCLK). When the Counter attains binary 111111, the. 


next positive transition on SCLK will clear it to binary 000000. 
The Counter will also be cleared unconditionally if Reset signal 
RST has been set to logic O when the positive transition of SCLK 
occurs. 


The Sequential Read Enable signal, SRE, enables sequentially- 

addressed read operations. If SRE is logic 0, the sequential 
accessed data outputs (SA through SH) will become valid within 
430 ns after the next positive transition on SCLK. If SRE is logic 
1, and 350 ns have elapsed since the positive transition of SCLK, 
the sequential accessed data outputs will become valid 80 ns 
after the negative transition of SRE. The sequential read data 
will cease.to be valid 100 ns after the negative transition of SRE 
or 20 ns after the next positive transition of SCLK, becoming 
valid with the content of the next E location within 
430 ns of that SCLK transition. 


The Random Read Enable signal, АВЕ, enables random- 
accessed read operations. If RRE is logic 0, the random 
accessed дата outputs (RA through RH) will become valid within 
380 ns after the random address lines have stabilized. If RRE 
is logic 1, and 300 ns have elapsed since the random address 
lines have stabilized, the random accessed data outputs will 


FEATURES 


64 x 8 bit static memory . 

Single +5\ supply - 

Two totally independent read ports 

Multiple Read access time « 430 ns (worst T 
Selectable random- or sequential-address Write operation 
On-chip sequential address counter 

Tri-state drivers, for chip-selectable bus operation 

40-pin plastic dual in-line package 

(ӨТТІ. Schottky-compatible (12KQ pullup, to drive CMOS) 


APPLICATIONS 


Time-division Multiplex (TDM) digital switching data and control 
stores 

е ТОМ sequential machines 

е Elastic stores 

е Hardware/Software control interfaces | 

е О Buffers 


(X 
m 


опо> 2 


*МОТЕ: PIN 34 HAS AN OUTPUT SIGNAL APPLICABLE ONLY | 
| ТО. ROCKWELL TESTING, MAKE NO CONNECTION TO THIS 
„РІМ. 


Pin Configuration 


Document No. R8040D 


Data Sheet Order No. 306 


е Rev. 3, August 1983 


DN 


become valid 80 ns afar the codon transition of RRE. The 
random accessed data outputs will cease to be valid 100 ns after. 
a positive transition of RRE or 20 ns after the: random address. 


input lines change, becoming valid with, the contents of the 


newly-addressed location within 380 ng after the random address | 


inputs have stabilized. . 


RECOMMENDED OPERATING CONDITIONS - 


T-1 Tri-Port Memory 


In the case of a same Jocation read/write cycle, the sequential | С 
~ and/or random data outputs will cease to be valid aftér а negative ES 
transition of WE, and will become valid with the newly-written 21 


_ contents within 340 ns of that transition, Control of this parameter _ 


minimizes external enn required for resolution of read-write ro 


contention. 


Minimum Setup/Hold Times 


"UNE 
WSEL | 
901-932 
А-Н 


Measure to 


· Minimum Pulse Widths | 


| | | Minimum Pulse Width б => 


SEQUENTIAL COUNTER ВЕЗЕТ SETUP AND HOLD TIMING 


АМ SETUP > 180 № 


SEQUENTIAL 
CLOCK 
(SCLK) 


READ OUTPUTS AT SAME LOCATION AS WRITE 
(ALL OTHER INPUTS STABLE) 


DATA 
-- OLD DATA 
OUTPUTS TE | 


- (TSL) — 340 № МАХ PS 
\/ 


NEW DATA —» 


: RANDOM WRITE ALWAYS. AFFECTS RANDOM READ OUTPUTS; 
SEQUENTIAL WRITE ALWAYS AFFECTS SEQUENTIAL READ OUTPUTS. 
EITHER WRITE WILL AFFECT THE OPPOSITE READ OUTPUT. IF, AND ONLY 
IF, THE RANDOM ADDRESS AND. SEQUENTIAL ADDRESS ARE EQUAL. 
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R8040 | ||| "M "T. 2222 Т-1 Tri-Port Memory - 
WRITE SETUP AND HOLD TIMING | 
WIDTH > 220 NS | — 
| — БЕТУР > 300 м 


. WRITE | АЛ? 


SELECT — — – 


(WSEL) / NV N.N 


SCLK 
(iF WSEL = 1) 


R01. R32 
(IF WSEL = 0) 


WRITE DATA 


(Ан) ТАД 


| HOLD ` 
SETUP | 
| >150 NS > 100 NS 
WIDTH | 
> 170 № 


RANDOM READ (R 


RANDOM | ен V. 
(RO1-R32) /А | | | у — 
| _ 2. сы | 20 М5 
— (TRA) 380 NS MAX. | MIN. HOLD 
- VAV, | 


ВАМООМ 
OUTPUT DATA 
(RA-RH) 


SEQUENTIAL READ (SRE - 0, WE - 1) 
SEQUENTIAL 


CLOCK — 
| (SCLK) — 


` SEQUENTIAL 
OUTPUT. DATA 
(SA-SH) ‘ 


| READ PORT ENABLE/DISABLE (ADDRESS STABLE, WE = 1) 

READ ENABLE 

(RRE OR SRE) | 

80 М5 МАХ. | = | | (TP | 100 NS MAX. 


DATA OUTPUT. oed -HI-Z 
(RA-RH OR SA-SH) 
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R8040. БЕРН у та Tri-Port Memory - 


Propagation Delays 
: `` Parameter > 


Капдот Read Access Time · 
Sequential Read Access Time 
Read Port Disable (to HI-Z) 
Read Port Enable BM 
Same-Location Read After Write 


ВНЕ 


А WRITE DATA- 


832 НАМООМ ADDRESS INPUTS 


RANDOM 
READ PORT 


| 


| D ES 


% 
2 
| I 


| | Е 1 ОР 64 | 
WSEL | WRITE 512 BIT 
ADDRESS | 
WRC HANDOM ја ADDRESS MEMORY 
DECODER | 


SEQUENTIAL 
READ PORT 


SEQUENTIAL 


| JE 


1 OF 64 

READ 

SEQUENTIAL [——— — 
ADDRESS ] 
DECODER 


Tri-Port Memory Block Diagram. 
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| MAXIMUM | RATINGS" 


„Parameter | | Е ТЕ “МОТЕ: Stresses above those listed may cause permanent 
вадене — | ме | пате в Гу damage to the device. This is a stress rating only and functional | 
| .. operation of the device at these or any other conditions above 

“Operating Temperatur © п авза а those indicated іп other sections of this document is not implied. 
` Storage Temperature | | Tee | -55 +150 | °C | Exposure to absolute maximum rating conditions for extended | 


periods may affect device reliability. 


ELECTRICAL CHARACT ERISTICS 
(Урр = %5У £596, Vss = ОМ ТА = 25°C) 


Input Logic “0” Voltage 


Hic — гш 35: M 
NE ТЕРІСІНЕ БЕЛЕ DERE == 
DANN ле CADET РЕЙ 
HOC 7I НЕСЕ > 
[Output Sik Curent ig ао | 
| орисаратаке С [© [| о р». 
[ouput Capacitance O oo а 

с ус о 


| Power Dissipation (а! 2590) C ч an 
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88040. ШЕ T-1 Tri-Port Memory 


PACKAGE DIMENSIONS 


PIN NO. 1 
INDENT. 


2.02 MAX : | 
(51.3 MM) | 


ra 


ЖЕ" 
7020. 


110 
1090 


7065 
2023. 
7015. 


„985 + 065 032 њен 


NOTE: Pin No. 1 is in lower left corner when 
symbolization is in normal orientation 
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' EM Же, азила уље ле i Е па нае А di кра; DOOR ELE CE "E E ден n 9. езі М и Pe 7 КЕ PE T» "E қ 
р еа M и Wy ая s ie Ө CLE ES So аға n RE EN Um ар Hes 3 " 


въ | тай) R8050- 


T PCM. Devices 


Rockwell тл SERIAL TRANSMITTER. 


: DESCRIPTION | | и ы | еселе 
| | | |... B7OPTN 
The Rockwell T-1 Serial Transmitter опта data to be TEST 
serially transmitted according to T-1 D2 or Т-1 03 specifi- - FRSYNC 
cations, inserting framing and signalling bits along with 24 * 27 9817 
channels of 8-bit channel data. The T-1 Serial Transmitter DN uu 
. also provides for alarm reporting via the Bit 2 inhibit method · B eus 
or, with minimal external logic, via the multiframe Anman Зе + ревија 
signal (Fs) modification menod: а. i а 
| 1 |. BINOUT 
Figure tis a functional block diagram of the т. 1 Serial Trans- | | SYNOUT |. 38 Fy etock 
mitter. The Mod 193 counter is driven by the clock at 1.544 |. LOOP С 17 [7] ALARM 
MHz and is either synchronized to the driving system by input SYNCIN 
signal SYNCIN or provides synchronization via output signal ‚ BCH 
SYNOUT. Input signal FRSYNC applies synchronization to 
a Mod 12 counter, which identifies the frame of the 12-frame zt | 
. ти тате being processed. ` OY nities Е 5 Pin Configuration 
| = EN T FEATURES 
. The input data register latches data during each bit period, | уын ‚ 
_ when the 8th bit of a channel sample is being transmitted. | е Single 5V supply, low power Schottky TTL compatible. 
The data selector outputs the proper sequence of bits, as e Accepts 8 bits of parallel data as input. 
controlled by a bit count and frame count. ~ . . ө Generates output as 193 bit serial data stream in T- 1, „02, 


03 or D4 Mode 3 data format. | 
e Provides a channel and frame timing Signal. oe 
e Provides alternate control for alarm reporting and signalling. 


| The zero channel monitor function Causes Bit 8 or Bit 7 to 
be transmitted as а "one" if the channel data sample is all 
"zeros. А Input INH provides a means to inhibit the zero 


channel monitor. function. Input. В7ОРТМ controls the partic- T Bend automake Б: вето for all-zero маја | 
ulars of the insertion method. — S d. md а РОУ 
С Two types of transmit formats are provided, а binary output т-1 TRANSMITTER INPUTS AH. Ар, Sid 
апа а paired unipolar output. The unipolar.pair provides a | Any input « .0.8V = logic 0, low. Any input > 2. OV = logic 
means to externally create a single bipolar output "ui min- | 1, high. The transition from a low level toa high level is called 
| та! Meee Тұған | "EL E a rising edge, while the converse is defined as a falling edge. 
М РАЗУМС | Е 
> CHCLKF 
'SYNCIN BE — ЕЯ 
CLOCK > ШЕГЕ T да 
w—— | PE SU SYNOUT. 
ое қ E SSTB 
BIT 1 d qm 4 
вт 5 ЕЕ 
BIT 4 И RED WEEDS S 
вт 8 | we г: 
BIT 6S 4 ш TOER | T ‚ 
Е. | па crue 
им 8 E—] ІІ UNPLAB ` 
BCH E 


| | | Figure 1. Т-1 Serlal Transmitter NOE wv Е 
Document No. R8050D | 4 19. | p Data Sheet Order No. 307 
5 | за | : | Rev. 3, August 1983 


R8050 


T-1 Serial Transmitter 


FRSYNC: Frame Synchronization 


Frame sync allows external synchronization of the trans- 
mitter’s internal frame counter. When FRSYNC becomes 


high, the frame counter is directly set to frame 1, the first of | 


the twelve frames. If FRSYNC is held high and does not 
return to zero before a rising edge of CLOCK, the subse- 
quent states of BINOUT, UNPLRA and UNPLRB are high, 
high and low, respectively, regardless of the states of any 
other inputs. The latter mechanism is useful for device and/ 
or board testing only and will cause bit errors and/or bipolar 
violations if used during field operations. See Figures 6 and 7. 


SYNCIN: Synchronization Input 


SYNCIN allows external synchronization of the internal 
Modulo 193 bit/channel counter. When SYNCIN becomes 
high, the Modulo 193 counter is directly set to the state cor- 
responding to the output of the framing (Ғт or Fs) bit. The 
first bit of channel one will be output on BINOUT (and 
UNPLRA or UNPLRB) as a result of the first rising edge of 
CLOCK following the return of SYNCIN to logic 0. See Fig- 
ures 5 and 7. 


TEST: Rockwell Device Test input 


Used only for Rockwell device testing. Keep this input 
grounded. 


CLOCK: T-1 С!оск 


Maximum frequency = 1.6 MHz _ 
Minimum pulse width = 275 ns 


The T-1 bit period is bounded by the rising edges of this. 


input. 


INH: Inhibit Zero Channel Monitor 
If INH is high, the zero channel monitor function is disabled, 


and Bits 7 and 8 are transmitted per corresponding inputs 


| received. See Table 1. 


For channels in signalling frames (6 or 12) in which the first 
six data bits and the signalling highway are all "zero," BIT 
7 will be forced to one if INH is low. For any frame except 
a signalling frame Bit 8 or Bit 7 as selected by B7OPTN will 
be transmitted as a "one" if the channel input data is "zero" 
and INH is low. 


BITS 1-8: Parallel Channel Data Inputs 


Bit 1, the sign bit, will be serially transmitted first, followed 
by Bits 2 through 8. The falling edge of CHCLKF indicates 
input channel data has been clocked into the input register 
and always occurs during the transmission of the final bit (Bit 
8) of each channel data sample. 


ACH: “А” Channel Highway Signalling 


ACH allows the user to transmit one bit of signalling per 
channel. as Bit 8 of each channel data sample in Frame 6 
only. ACH is clocked into the input register by the falling edge 
of CHCLKF. Refer to Table 1 and Figure 4. 
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BCH: “В” Channel Highway Signalling 


BCH allows the user to transmit one bit of signalling per 
channel as Bit 8 of each channel data sample in Frame 12 
only. BCH is clocked into the input register by the falling n 
of CHCLKF. Refer to Table 1 and Figure 4. . 


S-BIT: Multiframe Signalling Bit 


SBIT, in conjunction with CCIS, provides an alternate way 
to control the multiframe signalling bit (Fs) transmission. The 
S-Bit input is transmitted as the multiframe signalling bit (Fs) 
if CCIS is held high. Refer to Table 2. 


ALARM: Local Alarm 


Used for reporting alarm conditions. If the ALARM signal is 
high, Bit 2 (the most-significant bit) of every channel data 
sample of every frame is transmitting as a zero. This is com- 
monly called remote alarm signalling. ALARM is clocked into 
the input register at the falling өйде of CHCLKF. Refer to 
Table 1 and Figure 4. | 


LOOP: Loop Strap. 


Provided to aid testing of user applications. When enabled 
to a high level, LOOP forces the unipolar outputs to transmit 
alternating ones and zeros, regardless of input conditions, | 
while BINOUT continues to provide normal data outputs. 
Refer to Figure 3. 


CCIS: Common Channel Interoffice Signalling Strap 


Provides optional control for replacing the automatic F, pat- 
tern with a 4-kilobit common channel signalling path. When 
CCIS is high, the SBIT input replaces the Fs pattern and the 
insertion of ACH and BCH is suspended. The CCIS input 
may also be used to provide the alternate method of alarm 
reporting. See Figure 4. 


B7OPTN: Bit 7 Option 


Provides Bit 7 as an alternate bit position for "one" stuffing, 
as programmed by the zero channel monitor function. Refer 
to Table 1. 


VSS, VDD: Ground and Power 


Voo = +5 +0.25 Мас 
Vss = Ground, 0 Мас 


T-1 Transmitter Outputs 


Low power TTL Schottky compatible. “1” = 2.4 Vdc, "0" = 
0.4 Vdc, СМО5--12КО pullup to Voo required. 


SSTB: 4 kHz Signalling Channel Strobe 


SSTB is the least-significant bit of the frame counter. Unless 
it is directly set by FRSYNC, SSTB will go high as each 
framing bit (Ет) is serially transmitted, and will return low as 
each multiframe alignment signal (Fs) is transmitted. Refer 
to Figure 2. 


| R8050- 


_ T- Serial Transmitter 


| SYNOUT: Channel Sync Output” 


_ SYNOUT provides a means to synchronize о the internal bit 
counter (Mod 193). SYNOUT is high for one bit time, begin- 
ning just prior to the first data bit of a frame being serially 


transmitted. Refer to Figure 8. SYNOUT is the only жыла m 


determined by the falling edge of CLOCK. 


_ CHCLKF: Channel Clock False 


The falling edge of CHCLKF, occurring as Bit 8 of any | 


__ channel is being serially transmitted, indicates input data has 


been clocked into the input register. With the exception of an UN | 
'extra bit period extending the low level duration at frame bit 


| BINOUT: Serial Data Output, Binary Formatted | 
BINOUT is the binary formatted serial conversion of the par- 


allel input data. The programmed format of BINOUT follows 
Tables 1 and 2. 


time, СНСІ КР is а divide-by-eight of CLOCK. Refer to Figure. - 


'BINOUT is synchronously transmitted as a high level if | 


FRSYNC remains high during the rising ке of CLOCK. _ 
Refer to figures 6 and 7. | 


UNPLRA, UNPLRB: T-1 Serial Data Unipolar Outputs a 
Two paired unipolar outputs are provided for the purpose of 


creating a single serial data output transmission in bipolar. 


format. The unipolar output register toggles for each "one" - 


bit to be serially transmitted. UNPLRA and UNPLRB are 


.. transmitted as complements for "one" data bits and as low 
. levels for "zero" data bits. See Figure 3. 


. The input signal LOOP, if high, forces the unipolar outputs 


to toggle avely bit time, regardless of input data. 


FRSYNC perturbe the current bits being transmitted by 
UNPLRA and UNPLRB. If FRSYNC remains high during the 
rising edge of CLOCK, UNPLRA will be transmitted as а high 
level and UNPLRB will ве low. Refer to Figures в 6 and 7. 


Table 1. Serial Channel Sample Output Data Truth Table 


| | Inputs X = don’t care | | | 


Е – |ч|о|< | 

ШЕР ETE E ЕЕ 

4 ж). | оа о о о 
Ж ЕЕЛЕЗЕЛЕЛЕЛЕЗІЗІЗ : 
| ҮЗЕЗЕЗЕЛЕЗЕЗЕЗЕЛЕЗЕЛЕЛЕЗЕЗ 


Current | 


Егате 


` Number 


Втош 
. Serial Output 


Channel 
Bit Position 


ро хо Го Го То Го Го larx o x] -e toe totototo opio — 
кили 2 p ојојојојојо. 


ALARM = 1 has the same effect asBIT2230^ ^; 20 | 
P, О, В, S, T, U and У may not simultaneously be zero, untes A, B ог Wis 1 
Y is any frame # 6 and 4:12 with CCIS = 0, or all frames with CCIS = 1. 
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8050 2 | | . T-1 Serial Transmitter 


Table 2. Framing Bit (ғ. & Е.) Ошрш Data 


Binout 


Notes: (1) Alternate remote alarm reporting may be accomplished by holding SBIT and CCIS both Бе ie prior 
to initiation of Frame 12. 
(2) F4 bit insertion is ‚ automatic and no optional control is provided. 


CLOCK 
(1.544 MHz) 


BINOUT = | | — 
BIT NO. «важ 1 Ха хздха Х5 хв (7 хвХт Х2 Хз Ха Х5 X6 X 7 X 8 X 


__- SAMPLE СН. 1 | _ SAMPLE СН. 2 
CHCLKF 


F 
<- СН. 24 >| OR [«— —————— CHANNEL]! ———— — — —3a»]«—— CHANNEL —— — — — —»| 


Fs | | 
| (horizontal scale change) | | 


АСН Нерігсев ВІТ 8 іп Ғгате Мо. 6 
ВСН Replaces BIT 8 іп Frame Мо. 12 


See Fig. 7 


SSTB - | E 
SYNOUT 


FRSYNC" 


SYNCIN* 


*POSSIBLE POSITIONS TO RE-INFORCE INTERNAL SYNCHRONIZATION. 


Figure 2. Transmitter Input-Output Signal Relationships 
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Т-1 Serial Transmitter 


BINOUT 
UNPLRA 


UNPLRB 


CHCLKF 


BIT1-BIT 8, 
ACH, BCH, 
ALARM 


BINOUT 
BIT NO. 


INH, 
B7OPTN 


№ 


BINOUT — XY сн ви? X OH 24, X C снъвт 7 CH 4, BIT 1 
$C | (ЗЕЕ МОТЕ) 


NOTE: CCIS WAVEFORM SHOWN FOR ALTERNATE ALARM REPORTING METHOD. CCIS SHOULD BE 


ACTIVE JUST PRIOR TO FRAME 12. UNDER THESE CONDITIONS, SBIT HIGH WOULD REPORT 
THE REMOTE ALARM. 


Figure 4 (c). Control Input Timing 
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88050 T-1 Serial Transmitter 


CLOCK 


SYNCIN > M | | 
X вт X о: X ава X 
BINOUT X ANY BIT X ен 1, BIT Х СН 1, BIT 2 Х 


Figure 5. SYNCIN Timing Relationship 


FRSYNC 

SSTB | | 

эол И м 
ғә ХХХ 


CLOCK H 


FRSYNC | | (1 PULSE PER 2316 CLOCKS) 
(Return to zero) 


SYNCIN | (f PULSE PER 193 CLOCKS, MAX) 


CHANNEL 1 em 
INPUT DATA Ш еда 


СН 23 CHANNEL 1 FRAME 1 
Ес 


BINOUT VARY PES И им, 
ХХ PN INE PN EINE I МГА И Я У. А 


SSTB 


CHCLKF 


SYNOUT 


Figure 7. Transmitter External Synchronization (Return-to-zero FRSYNC) 
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8050 | ЕГЕН A ^ TA Serial Transmitter 


Table 3. Input Timing 


Buffered Data Setup Time 

Buffered Data Hold Time 

Control Input Setup Time 

Contro! Input Hold Time 

Asynchronous Control Input Setup Time 
Asynchronous Control Input Hold Time 


SYNCIN Setup Time 

SYNCIN Ноја Time 

SYNCIN Pulse Width 

Frame Sync Setup Time (Return to Zero) 
Frame Sync Hold Time (Return to Zero) 
Frame Sync Pulse Width | 
Frame Sync Setup Time (Non-Return to Zero) 
Frame Sync Hold Time (Non-Return to Zero) 


Table 4. Output Propagation Delay, Worst Case 
(Measured from Rising Edge of Clock Unless Stated Otherwise) 


SSTB 

SYNOUT 
Ref from Falling 
Edge of Clock 

CHCLKF 

BINOUT 

UNPLRA 

UNPLRB 


MAXIMUM RATINGS" 


С ризене [эш] vame Гиан 
Operating Temperature | Top | owr | °C | 


*NOTE: Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other conditions 
above those indicated in other sections of this document is 
not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(Мрр = 5.0 +5%) 


Logical “1” Input Voltage 


Logicical “0” Input Voltage 
Logicical “1” Output Voltage 


Logic "0" Output Voltage 


Output Source Current 
Output Sink Current 
Capacitance Load (any output) 


Power Dissipation 


В8050 | | |. | | T-1 Serial Transmitter 


PACKAGE DIMENSIONS 


PIN NO. 1 
IDENT. 


(1.470) 


(.160) 
Haan} oe (та -- | 


(:045) 


(.023) · 032 REF (110). (150) (060) 


| .700 
г 4 | \ 1—90 =N 
(.015) (090) (125) (.020) 
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R8060*R8060A 
T-1 PCM Devices 


N С R8060 and R8060A 


Rockwell 


DESCRIPTION 


The Rockwell T-1 Receiver processes serial unipolar data of a 


T-1,D2 or T-1,D3 line from which data and a 1.544 MHz clock 
have been extracted. 


Frame synchronization is accomplished by locating the frame 
bit (FT) alternating every 386 bits. Loss of frame sync is indicated 
if a frame bit error occurs within two to four F-Bit frames since 
the previous frame bit error. 


A loss of carrier is indicated if 31 consecutive bit times yield 
"zeros" at the input. Carrier loss is reset and frame sync search 
begins when a “опе” reappears at the TDATA input. 


Signaling bits, which occur 193 bit positions after a framing bit, 
are monitored to detect signaling frames. The signaling frame 
output, SIGFR, identifies the present frame as a signaling frame, 
and the S-Bit output at that time identifies which signaling frame 
is being processed. 


Remote alarm reporting is detected by monitoring the second 
received bit of every channel sample of every frame. An alarm 
is indicated if 255 consecutive Bit 2 zeros are received. 


Channel data bits are output by an eight-bit parallel register. The 
rising edge of the signal called channel clock (CHCLK) indicates 
the extraction of new output channel data. 


Several signals developed from a MOD 386 counter are provided 
to aid in the external processing and storage of channel data. 
Signals are provided to increment counters, synchronize 
counters, strobe data into memories, etc. 


The Rockwell T-1 Receiver chip operates on a single 5 volt supply 
and directly interfaces to the low power TTL Schottky logic family. 
The Receiver is packaged in a 28 pin dual in-line (DIP). 


Timing relationships are given in figures 3 through 5. 
FEATURES 
• Synchronizes serial T-1,D2 or T-1,D3 signals in less than 5 ms. 


e Extracts 8-bit parallel channel data 


e Provides timing signals to capture and synchronize channel 
and frame information 


• Monitors and detects 


— Errors in signaling bit pattern 
— Loss of frame sync 

— Loss of carrier 

— Remote alarm reporting 


e Single 5V supply 
• LSTTL Schottky compatible 


T-1 SERIAL RECEIVER 


28pASIGFR 
27L3sBCLK 
26[JTDATA 


CHANNEL 
DATA 
BITS 


17 [7] CDINH 
CALRM [—113 | 
SBALRM С] 14 15C TESTO 


Pin Configuration 


ORDERING INFORMATION 


The T-1 Serial Receiver is available in two versions. With the 
standard commercial version, R8060, data will be stable within 
900 ns after the bit clock. With the selected version, R8060A, 
data will be available within 600 ns after the bit clock. 


VOD УУ «5v P2 
vss [`` (омо) P12 


CHANNEL 
DATA 
BITS 


= NOU рә ол фә о о 


PARALLEL 
OUTPUT 
DATA 
REGISTER 


| 


ТОАТА | ЕНАМЕ ТЕ5ТО 
SYNCHRONIZATION 
CIRCUIT FRALRM 
TCLK 


CARRIER EA 


SEARCH ЕЕ, 


EA 
ев ‘FRAME е 
ми 


MOD 386 
COUNTER 


P 
TESTI 5h SBIT ALARM 


MONITOR 


REMOTE ALARM 
[же DETECTOR B2ALRM 


Figure 1. R8060 Block Diagram 


(LEAVE ОРЕМ) 


Document No. R8060D 


Data Sheet Order No. 308 
Rev. 3, August 1983 


R8060 • R8060A 


T-1 Serial Receiver 


T-1 RECEIVER INPUTS 


Any input <0.8V = LOGIC 0, LOW, ZERO. Any input 2 2.0V = 
LOGIC 1, HIGH, ONE. A transition from a low level to a high 
level is called a rising edge, while the converse is true for the 
falling edge. 


TDATA: UNIPOLAR T-1-D2, T-1-D3 SERIAL DATA INPUT 
Unipolar T-1 Data is clocked in on the falling edge of TCLK. 
Thereafter, TDATA is processed on the rising edge of TCLK. 


-. TDATA must be stable 100 ns before and remain stable 100 ns 
after the falling edge of TCLK.. | 


ТСІК: Т-1 CLOCK 
Typical clock frequency is 1.544 MHz. Maximum clock frequency 


is 1.85 MHz. The T-1 bit period is bounded by the rising edges 
of TCLK. 


SYNCEN: FRAME SYNCHRONIZATION ENABLE 


Provides a means to disable the automatic resync search initi- 
ated by a FRAME ALARM condition. If the SYNCEN signal is 


low, with synchronization function is inhibited and remains inhib- | 


ited until SYNCEN transitions high. SYNCEN must be stable 
200 ns before the rising edge of FRALRM, in order to inhibit the 
synchronization function. 


MR: MASTER RESET 


Master Reset, when low performs an initialization clear of the 
T-1 Receiver; SBALRM and CALRM are reset to low levels while 
FRALRM, CHCLK, WIHBT and CHSYNC are set to high levels. 
Frame synchronization search begins on the rising edge of МА 
provided that SYNCEN signal has been high for 200 ns. 
Minimum pulse width is one T-1 clock period. 


CDINH: CHANNEL DATA INHIBIT 
Provides a means to disable channel data bit outputs. When at 
a high level, CDINH forces channel data Bits 1 through 7 high. 


Bit 8, the least significant channel data bit, is not controlled by 
CDINH. 


TESTI: ROCKWELL DEVICE TEST INPUT 


Used only for Rockwell device testing, no connection to TESTI 
is required for normal operation. 


VSS, VDD: GROUND AND POWER 


VDD 
VSS 


+5.0 +0.25 VDC 
Ground, 0 VDC 


T-1 RECEIVER OUTPUTS 


Low Power TTL Schottky — compatible 
“1” = 2.4 Мас; “0” < 0.4 Мас 
CMOS — 12 K Q pullup to VDD required. 
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CDB (1-8): CHANNEL DATA B 1 THROUGH 8 "s 


Bit 1 is the sign bit, Bit 2 is the most significant bit and. Bit : 8. 
is the least significant bit. If CDINH is low, new parallel channel 


_ data becomes valid within 200 ns after the rising edge of CHCLK 


and remains valid until the next rising edge of CHCLK. If CDINH 
is high, channel data Bits 1 through 7 are forced to a high level. 
Bit 8, the least significant bit, is not controlled by CDINH. Chan- 
nel data Bits 1 through 7 are enabled or disabled within 300 ns 
(R8060) or 150 ns (R8060A) by CDINH. Refer to Е eli 3 
through 5. 


CHCLK — CHANNEL CLOCK 


The rising edge of CHCLK indicates a change of parallel output 
channel data. CHCLK is four TCLKS high then four TCLKS low 
except for when ап “Е” or “S” bit is received. Then CHCLK 
stretches to five TCLKS high and four TCLKS low. Refer to 
Figures 3 and 4. 


CHSYNC: CHANNEL SYNC. 


Channel Sync occurs one time in a 24 channel period, making 
it suitable for synchronizing external counters to the T-1 Frame 
rate. CHSYNC goes low опе TCLK period before the falling edge 
of CHCLK at channel 24 date sample time. CHSYNC returns 
high 1 TCLK period after the next rising edge of CHCLK. Refer 
to Figures 3 through 5. 


TESTO: ROCKWELL DEVICE TEST OUTPUT 


Designed to aid in Rockwell device testing. No connection 
required for normal operation. 


WIHBT: WRITE INHIBIT 


WIHBT covers the parallel channel data transition period. WIHBT 
is suitable for clocking or strobing channel data into external 
memories. WIHBT is high for two TCLK periods, beginning one 
TCLK period before the rising edge of CHCLK. Refer to Figures 
3 and 4. 


MAXCNT: MAXIMUM COUNT OF 386 MODULUS 


MAXCNT is low for one TCLK period, marking the completion 
of a two-frame period corresponding to the expected receipt of 
an F-bit at the TDATA input. Refer to Figures 4 and 5. 


SBCLK: S-BIT CLOCK 


SBCLK will be high during the S-Bit frame and low during the 
F-bit frame. The transitions will occur within 300 ns after the ris- 
ing edge of TCLK as channel 24 data is being transferred to the 
parallel channel outputs. Refer to Figures 3 through 5. 


S-BIT: SIGNALING BIT OUTPUT 


The S-Bit output monitors the previous S-Bit received which 
occurred two frames before the receipt of the current S-Bit. An 
S-Bit output transition occurs one TCLK period after the rising 
edge of SBCLK. 


R8060 е R8060A 


т-1 Ди Receiver 


During a signaling frame (SIGFR is low), frame 6 or “А” highway 
signaling is identified by S-Bit output being low. If S-Bit is high 
during a signaling frame, frame 12 or “В” highway signaling 
is identified. Refer to Figures 3 through 5. 


` SIGFR: SIGNALING FRAME 


SIGFR identifies frame 6 or 12 when low. If the sequence of five 
consecutive received S-Bits is either 0111X or 1X001 (left to right, 
as received), SIGFR shall go low after the rising edge, but at 
least 375 ns before the falling edge of WIHBT corresponding 
to channel 1 data sample time. SIGFR returns high one frame 
later (193 bits). Refer to Figures 3 through 5. 


SBALRM: S-BIT ALARM 


SBALRM goes high if the sequence of the five S-Bits received 


contains four consecutive ones (01111), and remains high until . 


three consecutive "zero" bits are preceded and followed by а 
“опе” S-Bit (10001). The actual transition of SBALRM output 
оссигв after the rising edge, but at least 375 ns before the fall- 
ing edge of WIHBT corresponding to channel 1 deta sample 
time. 


B2ALRM: BIT 2 ALARM 


B2ALRM goes high, detecting a remote alarm condition, if 255 


consecutive channel data samples are received with Bit 2 low. т 
B2ALRM returns low upon the receipt of any channel sample 


with Bit 2 high. 


CALRM: CARRIER LOSS ALARM 


A carrier loss is detected and CALRM is set high if 31 con- 
secutive low level ТОАТА bits are received. CALRM is reset low, 


FRALRM is set high and frame Sync Search badine Вая the 


first TDATA high level is received. 


. FRALRM: FRAME ERROR ALARM 


FRALRM detects an out-of-frame condition. FRALRM goes high 
if: 


A) The framing synchronization function is in progress. 

B) Within 250 ns after the falling edge of MR. | 

C) An F-Bit is received which is not the inverse of the last 
F-Bit and the same condition also occurred two or three 
or four F-Bit frames earlier. | 

D) Within 250 ns after the falling edge of CALRM, (CALRM 
being reset by high level TDATA bit). | 


FRALRM goes low upon completion of the synchronization func- 
tion or within 250 ns after the rising edge of CALRM. (Carrier 
loss condition during frame synchronization function). 


OUTPUT CLOCK SIGNALS DURING FRAME 


SYNCHRONIZATION FUNCTION 


Following the Declaration of Frame Sync loss (FRALRM goes 
high), output signals will continue normally for a two-frame period 
with the exception of CHSYNC, which has the above mentioned 
second frame sync pulse inhibited. Following the two-frame 
period CHCLK, CHSYNC, and WIHBT are held high until frame 
sync has been located, as indicated. by the falling edge of 
FRALRM. With typical data patterns, frame шаны 
takes less than five milliseconds. See Figure 2. ; 


FRALRM 


--2 ЕНАМЕ PERIOD» 


FRAME SYNC 


ве пог А. a = лим | 


CHCLK "puppe LUE ЕСЕЙЕ Ы) | 


WIHBT n П пп П [c 1. - T3 п 


Figure 2. Signal Relationship During Frame Alarm and Search for Resynchronization 


R8060 е R8060A | Т-1 Serial Receiver - 


————— Е BIT FRAME 5 817 FRAME ———3à»- 
. C€H24 ` | | CH1 


а : | + | ев | 32 | 16 | 8 |4 Е | 1 pe ST [зг |6 | 8 | 4 | 2 | 1 | + |ы | 32 
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Figure 4. Signal Relationship at Beginning of FT Frame (Е-ВП) 
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. R8060* R8060A | ___Т-1 Serial Receiver 


FRAME SYNCHRONIZATION “ы SIGNALING SYNCHRONIZATION ^ 
BIT (F BIT) PATTERN | BIT (S BIT) PATTERN 


ааа er ce ee НЕЕ eo a 


CHSYNC 
. SBCLK 


SBIT 
(OUTPUT) 


SIGFR 


MAXCNT Џ — l ШТ Yl SERE | и ре 


FRAME = 24 TIME SLOTS = 193 BITS = 1255 
TIME SLOT = 5.1805 ONE BIT = 648 NS 
MULTIFRAME = 12 FRAMES = 1.5 MS. 


F BIT (Fx) FRAME ALIGNMENT SIGNAL S ВІТ (Fo) MULTIFRAME ALIGNMENT SIGNAL 
(ODD-NUMBERED FRAMES) | (EVEN-NUMBERED FRAMES) 
FRAME FIRST BIT | FRAME FIRST BIT 
i | | 


0 
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Figure 5. Multiframe Signal Relationships 


Table 1._ Output Propagation Delay 
Worst Case, From Rising Edge to TCLK 


| | MAX DELAY (NS) | 


OUTPUT 


CHCLK 300 „сми NO. 1 

CHSYNC | 300 . IDENT. 

WIHBT 300 
‚ MAXCNT 300 

SBCLK 300 

SBIT | 400 

SIGFR 475 

SBALRM 475 

B2ALRM 450. (046) 

CALRM 300 (023) .032 REF. ( 119) 
FRALRM: 900 (R8060) (0151 


600 (8 80604) 


CDB (1-8) 400 


Packaging Diagram 
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88060 е R8060A 


T-1 Serial Receiver - 


MAXIMUM RATINGS* 


E... mea. Б Lea aS 
Supply Voltage | | +4.75 to +5.25 
Operating Temperature Range Oto +70 ` 


ELECTRICAL CHARACTERISTICS 
(Мор = +5V +5%, T, = 25°C) | 


Parameter 


Output Source Current 


[output sink Curent | 
| 
(ЕС емер СТ 


Storage Temperature Range . -55 to + 150 | 


“МОТЕ: Stresses above those listed. may cause permanent 
damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above 
those indicated in other sections of this document is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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88070 
T-1/CEPT PCM Devices 


R8070 


AM T-A/CEPT PCM TRANSCEIVER 
Rockwell 


PRELIMINARY 


INTRODUCT ION | • Operates with EXTENDED FRAMING, CLEAR CHANNEL 


The R8070 T-1/CEPT ‘Transceiver is a new Generatio PCM О 

(Pulse Code Modulation) protocol device designed and manufac- е Uses a clock of 1.544 (T-1), 1.576 (Ve T-1C), or 2.048 (СЕРТ) 
tured Бу Rockwell International. The new device utilizes CMOS _ MHz depending on operation mode 

technology providing a higher level of component integration е Supports muitiplex/demultiplex T-1C, mode 1 (synchronous) 
than its predecessors; low power dissipation and many features operation 

and capabilities. The device is designed to meet AT&T and * Formats data to be serially transmitted/received according to 
CCITT specifications, including EXTENDED FRAME and CLEAR CCITT and AT&T specifications 

CHANNEL and/or CEPT applications using T-1, T-1C or CEPT • Mode Selectable — provides 17 different data format and zero 
specifications. suppression mode combinations 


е Selectable serial or parallel digital data interface 
Product availability of R8070 Т-1/СЕРТ PCM Transceiver 15 ; i f 9 | ; Tm 
Winter, 1984. | | е Provides status and alarm information to peripheral equip- 


ments for control and status reporting 

е Allows external synchronization of the transmitter's internal 
circuitry 

• Generates signals for external processing of data 


е Interfaces between multiplexed digital signals and the PCM 
highway 


APPLICATIONS 


• Channel Banks — add signalling and framing information to 
the multiplexed 24-voice channels 

• CPI and ОМ! — provides bidirectional data communication 
between systems | 

• PBX — interfaces between transmission medium and trunk 
side of PBX 

е Time and Space Division Switching — provides interface 
between PCM highway and dedicated time slot interchange 
circuitry = | | 

е Can be used т virtually any voice/data system designed to 
AT&T or CCITT specifications for primary rate interface 


R8070 T-1/CEPT PCM Transceiver. CUSTOMER BENEFITS 
| | Use of the R8070 will: 
FEATURES e Reduce board layout area 
е PCM format transceiver (transmitter and receiver in one chip) • Save power — CMOS low power dissipation 
е CMOS technology design e Provide higher design reliability — replaces 100 MSI with one 
• 5-volt single supply voltage chip. 
• 64-pin QUIP package | e- Provide cost reduction 
е Meets CCITT G.732, G.733 and G.703 (applicable parts) * Meet AT&T and CCITT specifications in a single device 
specifications, and AT&T advisories * Provide ease of signal processing on a digital data 11 
Document No. 29300N11 TE Product t Summary Order No. 311 


March, 1984 


R8070 | | — Т-1/СЕРТ PCM Transceiver 


SELECTABLE 18070 MODES | 


DESCRIPTION 


193 bits/frame, по signalling 
4 frames per super frame 

Zero suppression — 8825, B7 stuffing, or transparent 
193 bits/frame, with signalling 
12 frames per super frame 

Zero suppression — 8825, B7 stuffing, or transparent 
193 bits/frame, extended frame, with uS 
24 frames per super frame 

Zero suppression — B8ZS, B7 Тел or transparent 


193 bits/frame, extended frame, no signalling 
24 frames per super frame 
Zero suppression — B8ZS or transparent 
197 bits/frame, 12 synchronous T-1C, no signalling 
4 frames per super frame _ 
Zero suppression, (None) transparent - 


197 bits/frame, V2 synchronous T1-C, with signalling 
12 frames per super frame 
Zero suppression, (None) transparent 


.256 bits/frame, with signalling 
2 frames per super frame 
Zero suppression — HDB3 or transparent 
256 bits/frame, with signalling 
16 frames per super frame 
Zero suppression — HDB3 or transparent 


Legend: Zero Suppression Key 
8825 = Bipolar 8 Zero Substitution 
B7 = Bit 7 
HDB3 = High Density Bipolar 3 Zero Max 
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